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DMSO, 150 °C
10 min

DMSO/K-phos pH 6 (1:10)
23 °C, 15 min, 73 µM
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18F Incorporation
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DMSO, 150 °C
10 min

DMSO/K-phos pH 6 (1:10)
23 °C, 15 min, 73 µM
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N
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R
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O
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AcO
[B]
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[B]
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[B]
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[B]

O
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[B]
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[B]
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[B]
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70

FmocHN
[B]
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a) Sythetic Route towards L-Alanine-Derived Acyltrifluoroborate

b) Application of L-Alanine-Derived Acyltrifluoroborate in Peptide Synthesis

Me

HO

CbzNHNs
DIAD, PPh3

CH2Cl2

thioglycolic acid
LiOH  H2O.

DMF
(60% over 2 steps)

CbzHN

Me

73 74

B2pin2
SIMesCuCl.

MeOH, THF

Na(Ot-Bu) CbzHN

Me

75

Bpin

MIDA, HC(OEt)2, DMSO
(39%)

(78%)

CbzHN

Me

76

B(MIDA)

O3, Sudan III
acetone, -78 °C

1.

2. Me2S
(93 %)

CbzHN

Me

77

B(MIDA)

O

(64 %)

KHF2CbzHN

Me

78

BF3K

O

Me

79

BF3K

O

O
FmocHN

DCH (1.1 equiv)

THF/pH 3.0 buffer (1:1, 0.1 M)
N

COOBnO
H3NCl

Me
N
H

O

O
FmocHN

N

O COOBn

80
(Fmoc)Gly-Ala-Gly-Pro(OBn)

(61%)
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%
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Vc(e'
%
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R NH2

benzoyl peroxide

pH 10.5 buffer
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H
N

R
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O

BF3K
R2O N

H
Ph Ph
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O

N
H23 °C, 1 h

1:1 t-BuOH/H2O
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N
NH NH
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H
N

O

N
H
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NH

NH

H2N NH2
OEt2N

HAEGTFTSDVSSYLEGQAA EFIAWLVRGRG

COOH

O 0.1 M oxalic acid
t-BuOH/H2O

23 °C

H3N

COOH
O

OH
CONH2COOH
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met with failure, due to difficulties in the final hydrolysis step. Other hydrolysis methods, such 

as the use of aq. KHF2 or aq. HF proved to be equally unsuccessful. 
 

Table 2.1  Synthetic comparison of KATs with ortho, meta and para-substitution. 

 

 

 

 

[a] Yields of isolated reaction products. NP = no product formation. 
  

Me2N

SEt

BF3
n-BuLi, THF, -78 °C

X BF3K

O

42

reagent 42 aq. KF

X = Br, I

R RBF3K

N

R

MeMe
+

Entry[a Substituent R Yield (%)[a] 

1[a] H 69 

2[a] 4-COOEt 74 

3[a] 3-COOEt 79 

4[a] 2-Me 12 

5[a] 2-COOEt NP 

6[a] 2-OBn NP 
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MeCN-d3 / 0.1 M K-phosphate buffer (2:1)

pH 6.8, 25 °C, 15 mM
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MeCN-d3 / 0.1 M K-phosphate buffer (2:1)

pH 6.8, 25 °C, 15 mM
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Chapter 2 -  First Generation of Acyltrifluoroborates with Enhanced KAT Ligation Kinetics 

___________________________________________________________________________________________ 

Interestingly, we found that the relative rate enhancement of 2-pyridyl KAT (116) with 

reference to aryl KAT 119 was larger at neutral to moderately acidic pH compared to strongly 

acidic pH. In fact, we observed that ligation rates of 116 compared to 119 were on average 

10 times faster at range of pH 4.4 – 7.4, but only 5 times and 3 times faster at pH 3.9 and pH 

3.6 respectively. This observation is in accordance to our proposal that the pyridyl nitrogen 

can act as an intramolecular proton acceptor/donor pair upon protonation, thus facilitating the 

breakdown of the tetrahedral intermediate and ultimately leading to accelerated reaction 

rates. As a matter of fact, only a small portion of 116 is present in its protonated form at pH 

6.8 – 7.4, whereas at pH 4.4 – 5.1 a larger percentage of protonated pyridyl KAT 116-H+ is 

available. As a result, the difference in relative rates between 116 and 119 was observed to 

be larger at pH 4.4 – 5.1 than at pH 6.8 – 7.4. At more acidic pH 
  

Table 2.7  Variable pH kinetic measurements of 2-pyridyl KAT and 4-methoxyphenyl KAT 

. 

 
2 

  116 119  

Entry pH kobs (M
-1 s-1)[a] kobs (M

-1 s-1) [a] krel
[b] 

1 3.6 21.94 6.675 3.3 

2 3.9 14.12 3.120 4.5 

3 4.4 4.462 0.325 13.7 

4 5.1 0.231 0.017 13.6 

5 6.8 0.020 0.003 6.7 

6 7.4 0.011 0.001 11.0 

Conditions: [a] Kinetic experiments were performed at equimolar concentrations of KAT and hydroxylamine 117 

under buffered solvent conditions at different pH values and 25 °C. For pH 4.4 – 7.4 kinetic measurements were 

performed at a concentration of 15 mM in MeCN-d3 / 0.1 M deuterated potassium phosphate or acetate buffer 

(2:1). The reaction process was monitored by 
1
H-NMR spectroscopy. For pH 3.6 – 3.9 kinetic measurements 

were performed at a concentration of 3.75 mM in MeCN / 0.2 M potassium acetate buffer (1:9). The reaction 

process was monitored by UV-Vis spectroscopy. In general, rate constants kobs were evaluated by applying 

standard second-order kinetics. [b] krel represents the relative rate constants between 2-pyridyl KAT 116 and 4-

methoxyphenyl KAT 119.  

Et2N

O

O
H
N Ph XX

O

BF3K

O

H
N Ph

(1.00 equiv)

R

(1.05 equiv)
117

R

X = C, N

conditions

25 °C



Chapter 2 -  First Generation of Acyltrifluoroborates with Enhanced KAT Ligation Kinetics │75 
___________________________________________________________________________________________ 
 

(below pH 4.4) the difference in rates between 116 and 119 notably decreased. In fact, it was 

observed that the more acidic the pH, the smaller the rate difference between 116 and 119. 

This change in relative ligation rates might be attributed to the fact that below pH 4.4 

spontaneous intermolecular protonation of the carbonyl carbon at the carbamoyl moiety is 

triggered for both species 116 and 119 by acid present in the environment. For this reason, 

at strongly acidic pH, such as pH 3.6, the kinetic advantage of pyridyl KATs to form an 

intramolecular proton donor/acceptor pair becomes almost negligible and thus only a small 

difference in relative rates between 116 and 119 was observed.  

2.4.4 Specific Acid Catalysis vs. General Acid Catalysis  

As the presense of acid plays a crucial role in the KAT ligation and significantly enhances the 

ligation kinetics we further evaluated wheter the KAT ligation displays specific acid catalysis 

or general acid catalysis.145 On this behalf, the ligation reaction was carried out under 

equimolar concentrations of KAT 116 and hydroxylamine 117 at constant pH (pH 6.8) using 

different potassium phosphate buffer concentrations ranging from 0.05 – 0.3 M (Table 2.8).  

Table 2.8  Kinetic measurements of 2-pyridyl KAT at variable potassium phosphate buffer concentrations 

 

 

Entry Buffer Concentration (M) kobs (M-1 s-1) 

1 0.05 0.02 

2 0.1 0.02 

3 0.2 0.02 

4 0.3 0.02 

Kinetic measurements were performed at equimolar concentrations (15 mM) of KAT 116 and hydroxylamine 117 

in MeCN-d3 / deuterated potassium phosphate buffer (2:1, pH 6.8) at 25 °C and variable phosphate buffer 

concentrations (0.05 –0.3 M). Kinetics were monitored by 1H-NMR spectroscopy and kobs was determined by 

standard second order kinetics. 
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Q401%9P0474O28% >=22%2;2=<423%9>%,$L%[E:R%79RSL% >9=% 012%*0&#%:;8%,$l%[E:R%79RSL% >9=% 012%>*3)"'%

Me2N

O

O
H
N

Me

X
O

BF3K X
O

BF3

Et2N

O

O
H
N

Ph
117’

DFT Model SystemExperimental System

X = N        116
X = CH      32

X = N        116’
X = CH      32’

117
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%

E9;>9=7:049;U% PH=48HR% 4;02=7284:02%HTK!% 319Q28%:884049;:R% 30:64R4O:049;% D14<1R4<1028% 4;% 6R52F%

6H%1H8=9<2;%69;84;<%620Q22;%012%PH=48HR%;40=9<2;%:;8%012%;2QRH%>9=728%1H8=9XHR%<=95P$%";%

>:E0U%=2R:04]2%>=22%2;2=<423%>9=%HTK!%Q2=2%E:RE5R:028%09%62%S-$+%[E:R%79RSL%>9=%012%*0&#%:;8%.$+%

[E:R%79RSL% >9=% 012%>*3)"'%E9;>9=72=$%@27:=[:6RHU% 012%:;04%E9;>9=7:049;%9>%HTK!% 43%:R7930%,%

[E:R%79RSL%79=2%30:6R2%01:;%012%9;2%9>%HTY!$%'12%P=909;:028%PH=48HR%4;02=7284:02%HTK!aMg%Q:3%

843E9]2=28%09%62%2]2;%79=2%30:6R2%Q401%=2R:04]2%2;2=<423%9>%S,$,%[E:R%79RSL%:;8%S+$,%[E:R%79RSL%

>9=% *0&#% :;8% >*3)"'% E9;>9=7:049;% =23P2E04]2RH$% '143% 2X0=:% 30:64R4O:049;% 2>>2E0U% E:;% 62%

:00=465028% 09% :884049;:R% 1H8=9<2;% 69;84;<% 2]2;03U% 9;% 9;2% 1:;8% 620Q22;% 012% ;2QRH% >9=728%

1H8=9XHR%<=95P%:;8%012%0=4>R59=969=:02%79420H%:;8%9;%012%9012=%1:;8U%620Q22;%012%P=909;:028%

PH=48HR%:;8%012%E:=6:79HR%=234852$%%

%

%

()*+,%!><>! ! N+<'$&Q'0'/>-% )+0=+/,'/$% +=% &'&/*"'(/*5% OM!% 5#>*&#+0% #0&'/,'(#*&'% A;>B[% ;>CI9% U'+,'&/-%

+.&#,#V*&#+0$%<'/'%.'/=+/,'(%=+/%&<+%)+0=+/,*&#+0$[%*0&#%6$9%>*3)"'[%3$#0>%ZHNnTtqQHB>A(I9%J.&#,#V'(%$&/3)&3/'$%

*/'%$"+<0%*$%@'<,*0%./+d')&#+0$9%L/''%'0'/>#'$%*/'%>#6'0%#0%2)*5%,+5QB%/'5*&#6'%&+%&"'%)+//'$.+0(#0>%OM!%*0(%

"-(/+R-5*,#0'%$&*/&#0>%,*&'/#*5$9%

%

";% 012% >9RR9Q4;<U% <=95;8% :;8% 0=:;34049;% 30:02% 2;2=<423% 9>% :RR% 4;02=7284:023% :;8% P=985E03%

Q2=2% E:RE5R:028% >9=% 6901% P902;04:R% 72E1:;4304E% P:01Q:H3% 82P4E028% 4;% #E1272% d$d% m% 012%

E9;E2=028%2R474;:049;%]4:%:% 020=:128=:R% R4<:049;% 4;02=7284:02% DHTKU%HTYF% DI2E1:;437%/F%:;8%

012%R4<:049;%]4:%;40=9;2SR4[2%4;02=7284:02%DHVFU%HVTF'DI2E1:;437%JF$%%

";%012%E:32%9>%012%R4<:049;%Q401%PH=48HR%^/'%HHW!%0Q9%=2R2]:;0%0=:;34049;%30:023%Q2=2%>95;8%

HTK!' J<aH% :;8%HTK!' J<aF% 01:0% E95R8% P902;04:RRH% 62% 4;]9R]28% 4;% 012% E9;E2=028% 2R474;:049;% 9>%

020=:128=:R%4;02=7284:02%HTK!%DA4<5=2%d$KU%6R:E[%:;8%6R52%=2:E049;%P:01Q:H3F$%%

O

BF3
N

MeO

X

H

-0.2 kcal mol-1

O

F3B
N

OMe2NOC

X

H

6.2 kcal mol-1

Anti-conformation Gauche-conformation

F2
B

O

N
Me

N
FH

O

HOMe2N

O

F3B
N

O

N

HH

Me2N

O

Me

Me2NOC

137’ (X = N)

138’ (X = CH) 5.1 kcal mol-1 5.7 kcal mol-1

Me

-5.5 kcal mol-1  -2.5 kcal mol-1137’-H+
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HB>A(I%P*$#$%$'&9%L/''%'0'/>#'$%*/'%>#6'0%#0%.*/'0&"'$'$%#0%2)*5%,+5QB[%P+0(%5'0>&"$%#0%u9%8'*)&#+0%.*&"<*-$%6#*%

0#&/+0'Q5#2'%#0&'/,'(#*&'%;?=!%*/'%"#>"5#>"&'(%#0%/'(9%8'*)&#+0%.*&"<*-$%6#*%*%)+0)'/&'(%'5#,#0*&#+0%+=%%&'&/*"'(/*5%
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%

J901%0=:;34049;%30:023%HTK!'J<H%:;8%HTK!'J<aF%Q2=2%>95;8%09%2X14640%:;04P2=4PR:;:=%<29720=H%

Q401% =2R:04]2% >=22%2;2=<423%9>%L.$K%[E:R%79RSL%:;8%++$.%[E:R%79RSL% =23P2E04]2RH$%'12%960:4;28%

0=:;34049;% 30:02% 2;2=<423%HTK!' J<aH% :;8%HTK!' J<aF% Q2=2% 319Q;% 09% 62% >2:346R2% :7482% 69;8%

>9=7:049;% P:01Q:H3% :0% =997% 027P2=:05=2$% ";% E9;0=:30U% 012% R9Q230% 2;2=<H% 3H;P2=4PR:;:=%

0=:;34049;%30:02%843PR:H28%:% =2R:04]2% >=22%2;2=<H%9>%d+$M%[E:R%79RSLU%Q14E1% 43%75E1%14<12=% 4;%

2;2=<H%E97P:=28% 09% 012% 0Q9% 0=:;34049;%30:023%82=4]28% >=97% 012%:;04P2=4PR:;:=%E9;>9=7:049;3%

:;8%Q:3%012=2>9=2%;90% >5=012=%E9;3482=28$%#474R:=% 09%012%<=95;8%30:02%9>%HTK!%:R39%0=:;34049;%

30:023% Q2=2% 9632=]28% 09% P=2>2=2;04:RRH% :89P0% 012% 2;2=<204E:RRH% 79=2% 30:6R2% :;04P2=4PR:;:=%

<29720=H$%

%

'12%=2:39;%>9=%012%84>>2=2;E2%4;%2;2=<H%9>%HTK!'J<H%:;8%HTK!'J<aF'Q:3%9632=]28%09%R42%4;%012%

;:05=2%9>% 012%1H8=9<2;%69;84;<%01:0%9EE5=3%620Q22;%012%1H8=9XHR:74;2%79420H%9>%HTK!%:;8%

012%E:=6:79HR%R2:]4;<%<=95P%DA4<5=2%d$,F$%";%0=:;34049;%30:02%HTK!'J<aF'012%1H8=9XHR%<=95P%9>%

HTK!% >9=728% :% 1H8=9<2;% 69;8% 09% 012% E:=6:79HR% 9XH<2;% DS)*?*)I2+F% R2:84;<% 09% :% >4]2S
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∆G (kcal mol-1)
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(36.6)
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+
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+
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+
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%

72762=28% 0=:;34049;% 30:02$% ";% E9;0=:30U% HTK!' J<aH' 319Q3% 1H8=9<2;% 69;84;<% 620Q22;% 012%

1H8=9XHR% <=95P% 9>% HTK!% :;8% 012% E:=69;HR% 9>% 012% E:=6:79HR% R2:]4;<% <=95P% DS)*?*)I2+F%

=235R04;<% 4;% :% 32]2;S72762=28% 0=:;34049;% 30:02U% Q14E1% Q:3% 9632=]28% 09% 62% .$+% [E:R% 79RSL%

79=2%>:]9=28%E97P:=28%09%HTK!'J<aF$%";%0=:;34049;%30:02%HTK!'J<aF'012%1H8=9XHR%<=95P%9>%HTK!%

>9=728%:%1H8=9<2;%69;8%09%012%E:=6:79HR%9XH<2;%DS)*?*)I2+F%R2:84;<%09%:%>4]2S72762=28%

0=:;34049;%30:02$%";%E9;0=:30U%HTK!'J<aH'319Q3%1H8=9<2;%69;84;<%620Q22;%012%1H8=9XHR%<=95P%

9>%HTK!%:;8%012%E:=69;HR%9>%012%E:=6:79HR%R2:]4;<%<=95P%DS)*?*)I2+F%=235R04;<%4;%:%32]2;S

72762=28%0=:;34049;%30:02U%Q14E1%Q:3%9632=]28%09%62%.$+%[E:R%79RSL%79=2%>:]9=28%E97P:=28%

09%HTK!'J<aF$%
%

%

()*+,%!><@! %T/+.+$'(%&/*0$#&#+0%$&*&'$%+=%./+&+0*&'(%*0(%0+0Q./+&+0*&'(%FQ.-/#(-5%OM!9%U'+,'&/-%+.&#,#V*&#+0$%
<'/'% .'/=+/,'(% 3$#0>% ZHNnTtqQHB>A(I9% J.&#,#V'(% >'+,'&/#'$% <'/'% )+0=#/,'(% P-% *0*5-$#$% +=% &"'% 6#P/*&#+0*5%

=/'m3'0)#'$9%!/*0$#&#+0%$&*&'$%<'/'%)+0=#/,'(%P-%#0&/#0$#)%/'*)&#+0%)++/(#0*&'$%*0*5-$#$%A_8KI9%
%

'9%95=%35=P=432U%E9;E2=028%2R474;:049;%9>%HTK!%]4:%HTK!'J<aH%9=%HTK!'J<aF'848%;90%R2:8%09%

0:50972=% HTU% :3% 823E=4628% 4;% #E1272% d$dU% 650% =:012=% :% ;9]2R% @S0=4>R59=969=HR% =2:E049;%

4;02=7284:02%HVW!%Q:3%843E9]2=28U%Q14E1%Q:3%P=9P9328% 09% 35632p52;0RH% E9RR:P32% 09%:7482%

P=985E0% HHY!$% ";8228U% 012% ;2QRH% P=9P9328% =2:E049;% 4;02=7284:02% HVW!% D7rO% +Md$L-llF% Q:3%

8202E028% 6H% 14<1S=239R5049;% 7:33% :;:RH343% 9>% 012% ^/'% R4<:049;% 620Q22;% HHW% :;8% HHK% :;8%

E9;>4=728%:3% =2:E049;% 4;02=7284:02%6H%I#rI#%D#E1272%d$,F$%A5=012=79=2U% 40%Q:3%9632=]28%

01:0%012%<=95;8%30:02%9>%;40=9;2SR4[2%4;02=7284:02%HVF!%Q401%:%>=22%2;2=<H%9>%d.$.%[E:R%79RSL%43%

LK%[E:R%79RSL%14<12=%4;%2;2=<H%E97P:=28%09%012%14<1230%2;2=<H%0=:;34049;%30:02%HTK!'J<aF%>9=%

012% E9;E2=028% 2R474;:049;% 9>% HTK!' DA4<5=2% d$KU% =28% =2:E049;% P:01Q:HF$% ?9;32p52;0RHU% 012%

0=:;34049;%30:02%9>%HVF!%DHVF!aJ<T%Q401%:%=2R:04]2%2;2=<H%9>%.d$+%[E:R%79RSLF%43%K-$-%[E:R%79RSL%

14<12=% 4;% 2;2=<H% E97P:=28% 09% HTK!' J<aF$% *]2=:RRU% 01232% 2;2=<423% 4;84E:02% 01:0% 012% ^/'%

R4<:049;% 620Q22;% +SPH=48HR% ^/'' HHW' :;8% 1H8=9XHR:74;2% HHK% P=2>2=2;04:RRH% P=9E2283% ]4:% :%

H

O

NMe2
OF3B

N

Me
N

OO
N

Me

O

BF3
N

O NMe2H

137’ TS-1 137’ TS-2

7-membered TS 5-membered TS

16.4 kcal mol-1 22.6 kcal mol-1
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DI2E1:;437%JF$%%

%

%

"#$%&%!><@! ! O#0'&#)% 'R.'/#,'0&$% <'/'% .'/=+/,'(% *&% 'm3#,+5*/% )+0)'0&/*&#+0$% ABe% ,1I% +=% OM!% ;;A% *0(%

"-(/+R-5*,#0'%;;B% #0%1'K@% t%SFJ% AFkBI%*&%Fe% pK9%*I%7'&')&#+0%+=%@QP+/-5*&'(% /'*)&#+0% #0&'/,'(#*&'%(3/#0>% &"'%
OM!% 5#>*&#+0%P'&<''0%;;A% *0(%;;B% P-%,*$$%$.')&/+,'&/-9%PI%14Q14%M0*5-$#$% =+/% &"'%6*5#(*&#+0%+=% &"'% 5#>*&#+0%

#0&'/,'(#*&'9%

%
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/3%4RR530=:028%4;%A4<5=2%d$.U%:=HR%^/'%TF!%843PR:H28%:%3474R:=%=2:E049;%P=9>4R2%09%PH=48HR%^/'%

HHW!U% 19Q2]2=U% :RR% <=95;8% :;8% 0=:;34049;% 30:023% 319Q28% 3R4<10RH% 4;E=2:328% =2R:04]2% >=22%

2;2=<423$% "0% Q:3% >95;8% 01:0% 012% R9Q230% 2;2=<H% P:01Q:H% 9>% TF!% P=9E2283% 6H% E9;E2=028%

2R474;:049;% ]4:% :% 32]2;S72762=28% 0=:;34049;% 30:02%HTY!' J<aH%Q401% :% =2R:04]2% >=22%2;2=<H%9>%

LM$L%[E:R%79RSL$%%

%

%

()*+,%!><A!%8'5*&#6'%=/''%'0'/>#'$%=+/%&"'%OM!%5#>*&#+0%+=%*/-5%OM!%>=!%<'/'%)*5)35*&'(%3$#0>%&"'%ZHNnTtqQHB>A(I%
P*$#$%$'&9%L/''%'0'/>#'$%*/'%>#6'0%#0%.*/'0&"'$'$%#0%2)*5%,+5QB[%P+0(%5'0>&"$%#0%u9%8'*)&#+0%.*&"<*-$%6#*%0#&/+0'Q

5#2'% #0&'/,'(#*&'% ;?>!% */'% "#>"5#>"&'(% #0% /'(9% 8'*)&#+0% .*&"<*-$% 6#*% *% )+0)'/&'(% '5#,#0*&#+0% +=% &'&/*"'(/*5%
#0&'/,'(#*&'!;>C!!*/'%"#>"5#>"&'(%#0%P5*)2%*0(%P53'%/'$.')&#6'5-9%

%

";%R4<10%9>%0143%;2Q%72E1:;4304E%4;34<10%Q2%>5=012=%:4728%09%4;]2304<:02%012%9632=]28%=:02%

2;1:;E272;0% 9>% PH=48HR% ^/'3% 6'/$3$% :=HR% ^/'3$% /3% 4RR530=:028% 4;% A4<5=2% d$lU% P=909;:028%

PH=48HR% ^/'% HHW!aMg% 843PR:H3% :884049;:R% 30:64R4O:049;% 2>>2E03% E97P:=28% 09% ;9;SP=909;:028%

PH=48HR%^/'%HHW!$%'143%:884049;:R%30:64R4O:049;%2>>2E0%:=4323%852% 09%1H8=9<2;%69;8% >9=7:049;%

620Q22;%P=909;:028%PH=48HR%;40=9<2;%:;8%012%E:=69;HR%9>%012%E:=6:79HR%79420H%:;8%843PR:H3%:%

=2R:04]2% >=22%2;2=<H%9>%M$N%[E:R%79RSL% DA4<5=2%d$lU%14<1R4<1028% 4;%<=22;F$% ";%9012=%Q9=83U% 012%

E:=69;HR% 9XH<2;% 9>% 012% E:=6:79HR% <=95P% 43% P=9P2=RH% :R4<;28% Q401% 012% P=909;:028% PH=48HR%

;40=9<2;% 09%2;:6R2%P=909;% 0=:;3>2=% DL$.+%zU%A4<5=2%d$lF$% ";%:%320%9>%6:34E%E:RE5R:049;3% 40%Q:3%
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>95;8% 01:0% 012% P=909;:028% E:=6:79HR% 79420H% 32=]23% :3% :;% 2XE2RR2;0% R2:]4;<% <=95P% 4;% 012%

E9;E2=028% 2R474;:049;% 9>% 012% 020=:128=:R% 4;02=7284:02U% E9;32p52;0RH% >:E4R40:04;<% P=985E0%

>9=7:049;$%*]2=:RRU%01232%>4;84;<3%5;82=R4;2%95=%1HP9012343%01:0%012%PH=48HR%;40=9<2;%43%:6R2%09%

:E0% :3% :% P=909;% :EE2P09=r89;9=% P:4=% ]4:% 1H8=9<2;S69;84;<% 85=4;<% 012% E95=32% 9>% 012% ^/'%
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Chapter 3 -  Mechanistic Investigations of the KAT Ligation 

___________________________________________________________________________________________ 

3.5 Determination of Activation Parameters 

A series of 1H-NMR experiments of KAT 116 and hydroxylamine 117 were performed at 

variable temperature (10 – 70 °C) according to the previously developed standard kinetic 

method (cf. 2.4.1) While at pH 6.8 the reaction rates of 116 gradually increased with 

increasing temperature, the ligation kinetics of 119 remained unaltered. At lower pH (pH 5.1), 

however, reaction rates of 119 were observed to be temperature dependent. Similar to 

pyridyl KAT 116 enhanced reaction rates were detected for aryl KAT 119 at higher 

temperature. A possible explanation for this unexpected finding might be that at pH 6.8 KAT 

ligation rates of 119 (kobs = 0.003 M-1 s-1) were not rapid enough to observe distinct rate 

changes. With measured rate constants of 116 and 119 at pH 5.1 in hand, the enthalpy of 

activation ΔH‡, entropy of activation ΔS‡ and the Gibbs free energy ΔG‡ were calculated 

according to the Eyring equation. The obtained values are presented in Table 3.2. The ΔG‡ 

of 116 with a value of 18.28 kcal mol-1 was observed to be slightly lower than the ΔG‡ of 119 

with a value of 19.81 kcal mol-1. The energy difference ΔΔG‡
1 for the KAT ligation of pyridyl 

KAT 116 versus aryl KAT 119 at pH 5.1 was determined to be 1.53 kcal mol-1, which is in 

good accordance with the observed 13-fold rate difference of pyridyl KAT 116 (kobs of 0.23 M-

1 s-1) and aryl KAT 119 (kobs = 0.017 M-1 s-1) at the same pH. This experimentally obtained 
 

Table 3.2  Variable tempterature NMR Study of the KAT ligation at pH 5.1. 

 

Substrate 
ΔH‡ 

(kcal mol-1) 

ΔS‡ 

(cal mol-1 K-1) 

ΔG‡ 

(kcal mol-1) 

116 7.35 −37 18.28 

119 2.20 −59 19.81 

KAT ligations were performed at variable temperature (10 – 70 °C) Ligation reactions were performed at 

equimolar concentrations (15 mM) of KAT and hydroxylamine in MeCN-d3 / 0.1 M deuterated potassium 

phosphate buffer (2:1, pH 5.1) at 25 °C. Reaction kinetics were monitored 
1
H-NMR spectroscopy. Enthalpy of 

activation ΔH
‡
, entropy of activation ΔS

‡
 and the Gibbs free energy ΔG

‡
 were calculated according to the Eyring 

equation.  

Et2N

O

O
H
N Ph XX

O

BF3K

O

H
N Ph

(1.00 equiv)

R

(1.05 equiv)
117

R

X = CH, N
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pH 6.8, 15 mM
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012% 82]2R9P72;0% 9>% :% 3540:6R2% 649E97P:046R2% >R59=4;:049;% 720198% :;8% E:;% 0153% =2RH% 9;%

230:6R43128U%;9;S649E97P:046R2%;5ER482%4;0=985E049;%=2:E049;3%>9=%37:RR%79R2E5R23$%

%

 

"#$%&%!?<=!!M&&',.&'(%$&/*&'>-%=+/%&"'!BDLQ5*P'5#0>%+=%./+&'#0$%3$#0>%OM!%5#>*&#+09%%

%

Step 1
18F Incorporation

Step 2
Radiolabeling

H
N

OLinkerS

O

NEt2 X

BF3K

O

18F
H
NLinkerS

O

X
18F

X

BF3K

O

X

BF3K

O

R 18F

X = CH, N



HGY`%K"*.&'/%c%−%%M..5#)*&#+0%+=%T-/#(-5%OM!$%#0%8*(#+5*P'5#0>%
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa%

VST' <6#%+$,",'01'!5J,'108';()"07(9$7"#/''

'12%3H;012343%9>%^/'%P=2E5=39=3%>9=%=:849R:62R4;<%Q:3%:E142]28%6H%:%P=2]4953RH%230:6R43128%

P=9E285=2% 9>% 012% J*!&% <=95P% 9=% :% 3R4<10RH% 7984>428% ]2=349;$L+d% '12% P:;2R% 9>% 3H;01234O28%

^/'3% >9=% =:849R:62R4;<% 43% 319Q;% 4;% #E1272% K$d$% J23482% 012% ^/'% P=2E5=39=3% :R39% 012% LMAS

35630405028%E9R8%R:62R4;<%P=985E03%Q2=2%P=2P:=28$%

%

%

"#$%&%!?<>!!4-0&"'$#$%+=%OM!%./')3/$+/$%=+/%BDLQ/*(#+5*P'5#0>9%

%

";% :884049;% 09% P90:33457% :EHR0=4>R59=:023% :R39% :% P90:33457%79;9>R59=969=:02% P=2E5=39=%Q:3%

3H;01234O28%:EE9=84;<%09%:%P=2]4953RH%=2P9=028%P=9E285=2%6H%J*!&%:;8%E9Q9=[2=3%D#E1272%

K$KF$LdM%

%

%

"#$%&%!?<?!!4-0&"'$#$%+=%.+&*$$#3,%,+0+=53+/+P+/+0*&'%./')3/$+/$%=+/%BDLQ/*(#+5*P'5#0>9%

%

%

R

Me2N

SEt

BF3

n-BuLi, THF or toluene/THF (4:1), -78 °C

X
BF3K

O

42

reagent 42

aq. KF

BF3K

O

O2N

(44%) (95%) (67%) (68%)

45 48 155 129

N

BF3K

O

(62%) (74%) (72%) (52%)

121 156 136 130

Br

R

N

O

BF3K

N

O

BF3K

Br

F

N

O

BF3K

N

O

BF3K

Cl

F

BF3K

O

F N

BF3K

O

F

N

O

BF3K

R

BF3   Et2O

MeCN, 23 °C, 4 h

.

N

B

R
O

N
F

O
N

TMSO

_
+

158:  R = F   (48%)
157:  R = Br  (55%)

156:  R = F
  48:  R = Br



K"*.&'/%c%−%%M..5#)*&#+0%+=%T-/#(-5%OM!$%#0%8*(#+5*P'5#0>%`HGU'
^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^%
%

VSV' ;()"07(9$7"#/'01'!5J,'

";% :% P=2R474;:=H% 3058HU% 012% 4;E9=P9=:049;% 9>% >R59=4;2SLN% 4;09% 84>>2=2;0% ^/'3% 3P2E423%Q:3%

4;]2304<:028$%W14R2%KS;40=9P12;HR%^/'%VI%848%;90%319Q%:;H% 4;E9=P9=:049;%9>% >R59=4;2SLNU% 012%

79=2% 2R2E0=9;S82>4E42;0% P90:33457% .S6=979;4E904;9HR0=4>R59=969=:02% DVYF% Q:3% 482;04>428% :3%

3540:6R2% E:;848:02% >9=% =:849R:62R4;<$% @:P48% 4;0=985E049;% 9>% >R59=4;2SLN% 4;09% .S6=979S

;4E904;9HR0=4>R59=969=:02% DVYF% Q:3% :E142]28% 4;% :% 34;<R2% 302P% 6H% ;5ER29P14R4E% :=97:04E%

35630405049;% 534;<% sLNAu?3Ar[=HP09>4X% :0% L,-% y?% Q4014;% 9;RH% L-% 74;5023% D#E1272% K$,F$% .S

sLNAu>R59=9S;4E904;9HR0=4>R59=969=:02%HWG%Q:3%960:4;28%4;%+d%±%d}%439R:028%=:849E1274E:R%H42R8%

D@?\F%Q401% :% =:849E1274E:R% P5=40H% 9>% qM,%}% :;8% :%79R:=% :E04]40H% 9>% l-SNl%TJprµ79R$% '12%

2XP2=472;03%Q2=2%=2P2:028%:0%R2:30%0Q4E2%>9=%]:R48:049;%9>%012%=235R03$%\42R83%:;8%P5=40H%Q2=2%

8202=74;28%6H%CG`?%:;8%P5=4>4E:049;%9>%HWG%Q:3%:EE97PR43128%6H% 3274SP=2P:=:04]2%(G`?%

D#E1272%K$,F$L.l%"7P9=0:;0RHU%40%3195R8%62%;9028%01:0%;9%>R59=4;2SLN%4;E9=P9=:049;%4;09%012%^/'%

79420H%Q:3%9632=]28$%

%

%

"#$%&%!?<@!!*I%BDLQN*P'5#0>%+=%*/-5%*0(%*/-5%OM!$%6#*%03)5'+."#5#)%*/+,*&#)%$3P$&#&3&#+09%ZI%fTNK%*0*5-$#$%+=%BDLQ

/*(#+5*P'5#0>%+=%.+&*$$#3,%qQP/+,+0#)+&#0+-5&/#=53+/+P+/*&'%./')3/$+/%?C9%

NBr

BF3K

O

N18F

BF3K

O
[18F]CsF/kryptofix

DMSO, 150 °C

48 160

O2N

BF3K

O

18F

BF3K

O
[18F]CsF/kryptofix

DMSO, 150 °C

45 159

70-87 GBq/µmol
23% RCY

10 min

No Radiolabeling

Radiolabeling  !

"



HHG`%K"*.&'/%c%−%%M..5#)*&#+0%+=%T-/#(-5%OM!$%#0%8*(#+5*P'5#0>%
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa%

";%:%;2X0%302PU%LNASR:62R4;<%9>%:R02=;:04]2%PH=48HR%:EHR69=9;:02%P=2E5=39=3%Q:3%4;]2304<:028%

:EE9=84;<% 09% 012% 3:72% P=9E285=2% :3% 823E=4628% :69]2% D#E1272% K$.F$% ";% E97P:=439;% 09%

P90:33457% .S6=979;4E904;9HR0=4>R59=969=:02% DVYFU% +SPH=48HR% ^/'% P=2E5=39=3% HII% :;8% HFU'

319Q28% 34<;4>4E:;0RH% 82E=2:328% >R59=4;2SLN% 4;E9=P9=:049;% Q401% =:849E1274E:R% H42R83% 9>% Ç,}%

:>02=%+-%74;$%#R4<10RH%62002=%=235R03U%Q401% >R59=4;2SLN% 4;E9=P9=:049;%9>%L+}U%Q2=2%9632=]28% 4;%

012% LNASR:62R4;<% 9>% 79;9>R59=969=9;:02% HIY$% )9;2012R233U% :RR% P=232;028% PH=48HR% :EHR69=:02%

P=2E5=39=3%848%;90%=2:E1%012%439R:028%=:849E1274E:R%H42R8%9>%+d}%9632=]28%>9=%VY$%%
%

%

"#$%&%!?<A!!K+,.*/#$+0%+=%BDLQ5*P'5#0>%+=%(#=='/'0&%OM!%$.')#'$9%

%

";%:;%2>>9=0%09%4;E=2:32%012%=:849E1274E:R%H42R83%012%532%9>%:88404]23%Q:3%2;]4349;28$%";%:%

=2E2;0% =2P9=0% 6H% G"^&% :;8% E9Q9=[2=3U% EHER4E% 02=04:=H% :74;23U% 35E1% :3% LUKS

84:O:64EHER9s+$+$+u9E0:;2% DHWHF%:;8%p54;5ER484;2U%Q2=2%843E9]2=28%:3%2>>2E04]2%:88404]23% >9=%

4;E=2:328% =:849>R59=4;:049;% E9;]2=349;3% 9>% ,S35630405028% +S1:R9PH=484;23% 6H% 79=2% 01:;%

L,}$L.N% "0% Q:3% 319Q;% 01:0% 01232% EHER4E% 02=04:=H% :74;23% :E04]:02% 012% 35630=:023% 09Q:=8%

;5ER29P14R4E% 35630405049;% ]4:% =2]2=346R2% >9=7:049;% 9>% p5:02=;:=H% :779;457% 4;02=7284:023%

D#E1272%K$lF$%

%

%

"#$%&%!?<B!!T/+.+$'(%*)&#6*&#0>%'==')&%+=%&'/&#*/-%*,#0'%P*$'$[%$3)"%*$%7MZKJ%A;A;U[%#0%BDLQ/*(#+5*P'5#0>9%

%

'9%95=%82R4<10U%:884049;%9>%!/J?*%DHWHF%=235R028%4;%4;E=2:328%=:849R:62R4;<%E9;]2=349;3%

9>% P=2]4953RH% 023028% P=2E5=39=3% D':6R2% K$LF$% A9=% 6=979PH=48HR% P=2E5=39=3% VY% :;8% HII% 012%

439R:028% =:849E1274E:R% H42R83% 34<;4>4E:;0RH% 4;E=2:328% 6H% 5P% 09% ,-Sl-}$% ";% E9;0=:30U%

E1R9=9PH=48HR%P=2E5=39=%HFU%319Q28%9;RH%7:=<4;:RRH%47P=9]28%>R59=4;2SLN%4;E9=P9=:049;%6H%dS

NBr
BF3K

O
N

BF3K

O

Cl

NBr

O

B
O

N
F

12% RCY
after 5 min

155 129 158

<5% RCY
after 20 min

<5% RCY
after 20 min

NBr

BF3K

O

48

23 % RCY
after 10 min

+

NX

R

X = Cl, Br

NN

NN

R

N
+

 Br [18F]CsF/kryptofix

DMSO, 150 °C, 10 min

N18F

R

NN

N

N

161
DABCO



K"*.&'/%c%−%%M..5#)*&#+0%+=%T-/#(-5%OM!$%#0%8*(#+5*P'5#0>%`HHH'
^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^%
%

,}$%/884049;%9>%R:=<2=%:795;03%9>%:88404]2%HWHU%+--%7I%4;302:8%9>%LK-%7IU%24012=%47P2828%

012%=2:E049;%E97PR202RH%9=%=285E28%012%=:849E1274E:R%H42R83$%%
%

F.08%!?<;!!M((#&#+0%+=%*((#&#6'$%#0%&"'%BDLQ/*(#+5*P'5#0>%+=%OM!$9%

%

BDLQ8*(#+)"',#)*5%5*P'5#0>%<*$%.'/=+/,'(%<#&"%B9GQB9e%,>%./')3/$+/%*&%BeG%pK%<#&"#0%BGQFG%,#03&'$9%;R)'$$%+=%

7MZKJ%;A;%ABcG%,1I%<*$%*(('(9%;*)"%'R.'/#,'0&%<*$%/'.'*&'(%*&%5'*$&%&<#)'9%iPj%_$+5*&'(%/*(#+)"',#)*5%-#'5($%

A8KnI%*/'%>#6'0%*$%*0%*6'/*>'%+=%&"/''%+/%,+/'%5*P'5#0>%'R.'/#,'0&$9%%

%

G90:33457% .S6=979;4E904;9HR0=4>R59=969=:02% DVYF% P=9]4828% 012% 14<1230% 439R:028%

=:849E1274E:R%H42R83%9>%M.}%5;82=%012%47P=9]28%=2:E049;%E9;84049;3%534;<%!/J?*%DHWHF%:3%

:88404]2$% /3% :% =235R0U% VY% Q:3% 32R2E028% >9=% >5=012=% =:849R:62R4;<% 3058423$% ";% 012% >9RR9Q4;<U%

9P0474O:049;%9>%=2:E049;%P:=:7202=3U%35E1%:3%>R59=482%3:R0U%027P2=:05=2%:;8%:O290=9P4E%8=H4;<U%

Q:3% P2=>9=728% D':6R2% K$+F$% ";% :% >4=30% 302PU% 012% >R59=482% 3:R0% sLNAu?3A% Q:3% =2PR:E28% Q401%

sLNAu'J/A%4;%012%19P2%01:0%012%14<12=%39R564R40H%9>%sLNAu'J/A%4;%!I#*%Q95R8%R2:8%09%47P=9]28%

=:849E1274E:R%H42R83$%?9;0=:=H%09%0143%2XP2E0:049;U% R:62R4;<%2XP2=472;03%Q401%sLNAu'J/A%:3%:%

BF3K

O

BF3K

O
[18F]CsF/kryptofix

DMSO, 150 °C
X

X = Cl, Br

18F
N

N

161
DABCO

N N

B#%86c(' 28$&38,08' <%83&%38$' 5))"%".$c(e' ;$(&%"0#'J"4$'Q4"#R' ;Cd'QfRc9e'

Ls:u% VY'
'

m% L-% +d%

+s:u% VY'
'

HWH' L-% M.%

ds:u% HII'
'

m% +-% Ç,%

Ks:u% HII'
'

HWH% +-% ,K%

,s:u% HFU'

'

m% +-% Ç,%

.% HFU'

'

HWH% +-% N%

NBr

BF3K

O

NBr

BF3K

O

NBr
BF3K

O

NBr
BF3K

O

N
BF3K

O

Cl

N
BF3K

O

Cl



HHF`%K"*.&'/%c%−%%M..5#)*&#+0%+=%T-/#(-5%OM!$%#0%8*(#+5*P'5#0>%
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa%

>R59=482%3:R0%Q2=2%>95;8%09%62%3474R:=U%4>%;90%3R4<10RH%R9Q2=U%4;%=:849E1274E:R%H42R83%E97P:=28%09%

sLNAu?3A$%";%:884049;U% 40%Q:3%319Q;%01:0%=285E28%027P2=:05=23%>=97%L,-%y?%09%L+-%y?%4;%012%

=:849R:62RR4;<% 2XP2=472;03% Q401% 24012=% sLNAu?3A% 9=% sLNAu'J/A% 1:]2% :R7930% ;9% 4;>R52;E2% 4;%

=:849E1274E:R%E9;]2=349;$%A5=012=U% 40%Q:3%843E9]2=28% 01:0%Q401%:884049;%9>%!/J?*%DHWHF%:3%

:;% :88404]2% :O290=9P4E% 8=H4;<%Q401%I2?)% 43% ;90% :639R502RH% ;2E233:=H% 4;% 012% LNASR:62R4;<% 9>%

PH=48HR%^/'%VY$'
%

F.08%!?<=!!J.&#,#V*&#+0%+=%/*(#+=53+/#0*&#+0%.*/*,'&'/$9%

%

BDLQ8*(#+)"',#)*5% 5*P'5#0>%<*$% .'/=+/,'(%<#&"% B9GQB9F%,>%./')3/$+/% *&% BFG% pK% % +/% BeG% pK%<#&"#0% BG%,#03&'$9%

;R)'$$% +=% 7MZKJ% ;A;% ABcG% ,1I% <*$% *(('(9% ;*)"% 'R.'/#,'0&% <*$% /'.'*&'(% *&% 5'*$&% +0)'9% iPj% _$+5*&'(%

/*(#+)"',#)*5%-#'5($%A8KnI%*/'%>#6'0%*$%*0%*6'/*>'%+=%5*P'5#0>%'R.'/#,'0&$%.'/=+/,'(9%%

%

N

BF3K

O

N

BF3K

O
[18F]CsF/kryptofix

DMSO, 120-150 °C
10 min

48

161 (140 mM)

N

N

161
DABCO

Br 18F

160

B#%86c(' 28$&38,08' L7308")$'<(7%' J$4E$8(%38$'QmCR' 5X$0%80E"&'=86"#/' ;Cd'QfRc9e'

Ls:u% VY' sLNAu?3A% L,-% \23% MN%

+s:u% VY' sLNAu?3A% L+-% \23% M,%

ds:u% VY' sLNAu?3A% L,-% )9% M-%

Ks:u% VY' sLNAu'J/A% L,-% \23% ML%

,s:u% VY' sLNAu'J/A% L+-% \23% M+%

.% VY' sLNAu'J/A% L+-% )9% M,%



K"*.&'/%c%−%%M..5#)*&#+0%+=%T-/#(-5%OM!$%#0%8*(#+5*P'5#0>%`HHT'
^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^%
%

VSI' !5J':"/(%"0#'n,"#/';()"07(9$7$)'268")67'!5J,'

";% :% 35632p52;0% 4;]2304<:049;U% 40% Q:3% 2X:74;28% 4>% LNASR:62R28% P90:33457% .S

6=979;4E904;9HR0=4>R59=969=:02% DHWGF% 5;82=<923% ^/'% R4<:049;% =2:E049;% Q401% 1H8=9XHR:74;23$%

/>02=% 4;E9=P9=:049;%9>% >R59=4;2SLN%:;8%P5=4>4E:049;%9>% 012% =:849R:62R28%P=985E0%HWG']4:% 3274S

P=2P:=:04]2%(G`?U%012%(G`?%39R]2;0%Q:3%=:P48RH%2]:P9=:028%:0%M-%y?%>9=%L-%74;$%'12%^/'%

R4<:049;%=2:E049;%Q:3%E:==428%950%6H%=284339R]4;<%012%=234852%4;%:%74X05=2%9>% &SJ5*(r(+*%-$L%

I%9X:R4E%:E48%DL�LF%:;8%:884049;%9>%1H8=9XHR:74;2%HHK$%'12% R4<:049;%=2:E049;%Q:3%79;409=28%

6H% CG`?% :0% =997% 027P2=:05=2$% /0% :% 1H8=9XHR:74;2% E9;E2;0=:049;% 9>% L% 7I% 012% R4<:049;%

=2:E049;%P=9E22828%2X0=272RH%>:30%:;8%>5RR%E9;]2=349;%09% R4<:049;%P=985E0%HWF%Q:3%9632=]28%

:>02=%d%74;5023%D#E1272%K$NF$%%

%

%

%

"#$%&%!?<C! ! OM!% 5#>*&#+0% P'&<''0% BDLQ5*P'5'(% .-/#(-5% OM!% ;AE% *0(% G9B% ,1% "-(/+R-5*,#0'% ;;B% *&% /++,%

&',.'/*&3/'9%L355%)+06'/$#+0%&+%&"'%5#>*&#+0%./+(3)&%;A=%<*$%('&')&'(%*=&'/%H%,#03&'$9%

%

'12% ^/'% R4<:049;% =2:E049;% Q:3% >95;8% 09% 62% E9;E2;0=:049;S82P2;82;0$% `9Q2=%

E9;E2;0=:049;3%9>%1H8=9XHR:74;2%HHK% D-$-L%7I%4;302:8%9>%L%7IF%=235R028% 4;%3R9Q2=% R4<:049;%

[4;204E3%:0%=997%027P2=:05=2$%)2]2=012R233U%>5RR%E9;]2=349;%9>%LNASR:62R28%PH=48HR%^/'%HWG%09%

:7482% P=985E0%HWF% Q:3% 9632=]28% :>02=% d-%74;5023$%)902Q9=01HU% 012%^/'% R4<:049;% 620Q22;%
LNASR:62R28% P90:33457% .S6=979;4E904;9HR0=4>R59=969=:02% DHWGF% :;8% 1H8=9XHR:74;2% HHK% Q:3%

:R39%319Q;%09%P=9E228%:0%=997%027P2=:05=2%4;%=:0%PR:37:$%

N18F

N
H

O
Ph

162

NBr

BF3K

O

N18F

BF3K

O
[18F]CsF/kryptofix

DMSO, 150 °C

48 160
10 min

98% RCY

Et2N

O

O

H
N

Ph

117

t-BuOH/H2O (1:1), 23 °C

oxalic acid (0.1 M)

quantitative conversion



HHV`%K"*.&'/%c%−%%M..5#)*&#+0%+=%T-/#(-5%OM!$%#0%8*(#+5*P'5#0>%
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa%

VSW' -#&08E08(%"0#'01':(9$7$)'268")67'!5J,'"#%0'2$E%")$,'(#)'280%$"#,'

/3% LNASR:62R28% ^/'3% Q2=2% 319Q;% 09% 5;82=<9% =:P48% ^/'% R4<:049;% =2:E049;% Q401%
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ISF' L804'268")"#$'%0'>%+$8'M$%$80&6&7"&'5&67%8"173080908(%$,'

";%:%>4=30%302PU%Q2%2]:R5:028%012%[4;204E3%9>%=2E2;0RH%=2P9=028%:74;9%:E48%82=4]28%^/'3%6H%

012% "'*% :;8% J*!&% <=95P% :0% P(% .$N% :EE9=84;<% 09% 95=% P=2]953RH% 82]2R9P28% L(S)I@% [4;204E%

720198%D)=9%?1:P02=%+$K$LF$L+l%W2%19P28%01:0%012%32E9;8:=H%:74;9%<=95P%4;%dSP934049;%09%012%

^/'%79420H%74<10%R2:8%09%:EE2R2=:028%R4<:049;%=:023%]4:%1H8=9<2;%69;8%89;:049;$%(9Q2]2=U%09%

95=% 843:PP94;072;0U% <RHE4;2S82=4]28% ^/'% HWK% :;8% :R:;4;2S82=4]28% ^/'% HWY% 843PR:H28%

82E=2:328% R4<:049;% =:023% E97P:=28% 09% +SPH=48HR% ^/'%HHW'Q401%72:35=28% 32E9;8S9=82=% =:02%

E9;30:;03%9>%-$--,%ISL%3SL%:;8%-$--l%ISL%3SL%=23P2E04]2RH'D':6R2%,$LF$%
%

J(97$'ISH''O#0'&#)%)+,.*/#$+0%+=%FQ.-/#(-5%OM!$%*0(%*,#0+%*)#(%('/#6'(%OM!$9%

%

%

%i*j%O#0'&#)%,'*$3/','0&$%<'/'%.'/=+/,'(%*&%'m3#,+5*/%)+0)'0&/*&#+0$%ABe%,1I%+=%OM!%*0(%"-(/+R-5*,#0'%;;B%
#0%1'K@Q(H%t%G9B%1%('3&'/*&'(%.+&*$$#3,%."+$."*&'%P3=='/%AFkB[%.S%q9DI%*&%Fe%pK9%O#0'&#)$%<'/'%,+0#&+/'(%P-%BSQ

@18% $.')&/+$)+.-9% !"'% +P$'/6'(% $')+0(Q+/('/% /*&'% )+0$&*0&$% 2+P$% <'/'% ('&'/,#0'(% *$% &"'% *6'/*>'% +=% &"/''%

,'*$3/','0&$9% iPj% 2/'5% /'./'$'0&$% &"'% /'5*&#6'% /*&'% )+0$&*0&$%<#&"% /'$.')&% &+% cQ,'&"+R-."'0-5%OM!%;;D! A2+P$% s%
G9GGH%1QB%$QBI9%

%

%

J:328% 9;% 012% 72E1:;4304E% :;:RH343% :;8% 012% !A'% E:RE5R:049;% 8:0:% D)=9% ?1:P02=% dF% Q2%

>5=012=% 35=74328% 01:0% E1:;<4;<% 012% :;<R2% 620Q22;% 012% ^/'% <=95P% :;8% 012% ;40=9<2;% :097U%

Q14E1%Q:3%>95;8%09%62%E=5E4:R%4;%012%R4<:049;%=2:E049;U%74<10%R2:8%09%>:E4R40:028%P=909;%0=:;3>2=%

85=4;<% 012% =2:E049;% P=9E233$% ";% 012% >9RR9Q4;<U% Q2% 3H;01234O28% :% 32R2E049;% 9>% 84>>2=2;0% @S

1202=9EHER4E%^/'3%:;8%E97P:=28% 0124=%[4;204E%P2=>9=7:;E2% D':6R2%,$+F$%C;>9=05;:02RHU%+SD+S

PH=48HRFP12;9R%^/'%HWU%:;8%014:O9R2%^/'%HKG%Q401% R4<:049;%=:023%9>%-$--N%ISL%3SL%:;8%-$--K%%
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MeCN-d3 / 0.1 M K-phosphate buffer (2:1)

pH 6.8, 25 °C, 15 mM
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ISL%3SLU%=23P2E04]2RHU%848%;90%319Q%012%8234=28%=:02%47P=9]272;0$%(9Q2]2=U%09%95=%35=P=432U%NS

p54;9R4;2% ^/'% HKH% Q:3% 843E9]2=28% 09% 5;82=<9% 2X0=272RH% >:30% R4<:049;% =2:E049;3% :0% :%

E9;E2;0=:049;%9>%L,%7I$%?9;]2=349;3%09% 012%8234=28%:7482%P=985E0%9>%ql,}%Q2=2%8202E028%

:>02=%d%74;5023U% 4;84E:04;<%:%=:02%E9;30:;0%9>%q+%ISL%3SL$%\20U%;9%:EE5=:02%32E9;8S9=82=%=:02%

E9;30:;0%E958%62%8202=74;28%6H%L(S)I@%3P2E0=93E9PH%:3%012%=2:E049;%Q:3%099%>:30%>9=%)I@%

04723E:R2$%&]2;%84R5049;%9>%012%3:7PR2%E9;E2;0=:049;%>=97%L,%7I%09%d$l,%7I%848%;90%=235R0%4;%

3R9Q%2;95<1%R4<:049;%[4;204E3%>9=%)I@%04723E:R2$%)902Q9=01HU%=2:E049;%E9;E2;0=:049;3% R9Q2=%

01:;%d$l,%7I%848%;90% =235R0% 4;%35>>4E42;0%34<;:R% 09%;9432% =:049% >9=%P2:[% 4;02<=:049;%:;8%Q2=2%

012=2>9=2%;90%3540:6R2%>9=%)I@%[4;204E%:;:RH343$%%

%
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%
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#0%1'K@Q(H%t%G9B%1%('3&'/*&'(%.+&*$$#3,%."+$."*&'%P3=='/%AFkB[%.S%q9DI%*&%Fe%pK9%O#0'&#)$%<'/'%,+0#&+/'(%P-%BSQ

@18% $.')&/+$)+.-9% !"'% +P$'/6'(% $')+0(Q+/('/% /*&'% )+0$&*0&$% 2+P$% <'/'% ('&'/,#0'(% *$% &"'% *6'/*>'% +=% &"/''%

,'*$3/','0&$9% iPj% 2/'5% /'./'$'0&$% &"'% /'5*&#6'% /*&'% )+0$&*0&$%<#&"% /'$.')&% &+%cQ,'&"+R-."'0-5%OM!%;;D! A2+P$% s%
G9GGH%1QB%$QBI9%i)j%;$&#,*&'(%/*&'%)+0$&*0&9%!"'%5#>*&#+0%/'*)&#+0%<*$%+P$'/6'(%&+%P'%&++%=*$&%=+/%@18%&#,'$)*5'%$+%

&"*&%0+%*))3/*&'%/*&'%)+0$&*0&%)+35(%P'%('&'/,#0'(9%%
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MeCN-d3 / 0.1 M K-phosphate buffer (2:1)

pH 6.8, 25 °C, 15 mM
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IST' !"#$%"&,'01'o3"#07"#$'!5J,HWU'

/3%012%9632=]28%^/'%R4<:049;%=:02%9>%NSp54;9R4;2%^/'%HKH%Q:3%099%>:30%09%62%72:35=28%6H%

)I@% 3P2E0=93E9PHU% :;% :R02=;:04]2% [4;204E% 720198% Q:3% =2p54=28% 09% 8202=74;2% 012% :EE5=:02%

32E9;8S9=82=% =:02% E9;30:;0% 9>% NSp54;9R4;2% ^/'% HKH$% Ccrc43% 3P2E0=93E9PH% Q:3% 012=26H%

32R2E028% :3% 012%720198% 9>% E194E2$% @2:RS0472% [4;204E%72:35=272;03% Q2=2% P2=>9=728% :0% :;%

2p5479R:=%E9;E2;0=:049;%9>%+$,%7I%9>%^/'%HKH%:;8%1H8=9XHR:74;2%HHK% 4;%:%39R]2;0%74X05=2%

9>%I2?)%r%-$L%I%P90:33457%P193P1:02%65>>2=%D+�LF%:0%=997%027P2=:05=2%:;8%P(%.$N$%'9%95=%

82R4<10U%012%32E9;8S9=82=%=:02%E9;30:;0%9>%HKH%Q:3%8202=74;28%09%62%+$K,%ISL%3SLU%Q14E1%43%4;%

<998%:EE9=8:;E2%09%012%23047:028% R4<:049;%=:02%9>%q+%ISL%3SL%6H%P=2]4953RH%72:35=28%6H%L(S

)I@%3P2E0=93E9PH%D#E1272%,$+F$%

%

%

%

"#$%&%!@<=!OM!%5#>*&#+0%+=%'m3#,+5*/%)+0)'0&/*&#+0$%AF9e%,1I%+=%DQm3#0+5#0'%OM!%;B;%*0(%"-(/+R-5*,#0'%;;B%*&%

/++,% &',.'/*&3/'% ,+0#&+/'(% P-% fWtW#$% $.')&/+$)+.-9% !"'% $')+0(Q+/('/% /*&'% )+0$&*0&% +=% &"'% /'*)&#+0% <*$%

('&'/,#0'(%&+%P'%F9cl%1QB%$QB%*&%.S%q9D9!

%

W401% 32E9;8S9=82=% =:02% E9;30:;03% 9>% +$Kl% ISL% 3SL% :0% P(% .$NU% NSp54;9R4;2% ^/'% HKH%

=2P=232;03% 6H% >:=% 012% >:30230% :EHR0=4>R59=969=:02% 3P2E423% 72:35=28% 09% 8:02$% W401% 0143%

95030:;84;<% 843E9]2=H% Q2% 5R047:02RH% :E142]28% 95=% <9:R% 9>% =2:E14;<% ^/'% R4<:049;% [4;204E3%

620Q22;%L%m%L-%ISL%3SL%;2:=%;250=:R%P($%/3%4RR530=:028%4;%':6R2%,$dU%40%Q:3%8279;30=:028%01:0%

NSp54;9R4;2% ^/'%HKH% 843PR:H3% 47P=9]28% R4<:049;% =:023% 9>% qL--S>9R8% E97P:=28% 09% P=2]4953RH%

843ER9328%+SPH=48HR%^/'%HHW%D)=9%?1:P02=%+$KU%[963%Å%-$-+%ISL%3SLF%:;8%qN--S>9R8%E97P:=28%09%
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MeCN / 0.2 M KOAc buffer (2:1)

pH 5.1, 25 °C, 150 μM
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?9;32p52;0RHU%Q2%E9;ER5828%01:0%012%1202=9:=HR%;40=9<2;%9>%HKH%4;%ER932%P=9X4740H%09%012%^/'%

79420H% 43%:%[2H%30=5E05=:R% >2:05=2% =23P9;346R2% >9=% 012%[4;204E%2;1:;E272;0$%'143% =235R0% 43% 4;%

<998%E9==2R:049;%09%Q1:0%1:3%622;%9632=]28%>9=%+SPH=48HR%^/'3%4;%?1:P02=%+$K$L%D':6R2%,$dU%
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#0%1'K@Q(H%t%G9B%1%('3&'/*&'(%.+&*$$#3,%."+$."*&'%P3=='/%AFkB[%.S%q9DI%*&%Fe%pK9%O#0'&#)$%<'/'%,+0#&+/'(%P-%BSQ

@18% $.')&/+$)+.-9% !"'% +P$'/6'(% $')+0(Q+/('/% /*&'% )+0$&*0&$% 2+P$% <'/'% ('&'/,#0'(% *$% &"'% *6'/*>'% +=% &"/''%

,'*$3/','0&$9% iPj% 2/'5% /'./'$'0&$% &"'% /'5*&#6'% /*&'% )+0$&*0&$%<#&"% /'$.')&% &+% cQ,'&"+R-."'0-5%OM!%;;D! A2+P$% s%
G9GGH% 1QB% $QBI9% i)j% !"#$% )+,.+30(% #$% *0% 'R)'.&#+09% O#0'&#)% ,'*$3/','0&$% <'/'% .'/=+/,'(% *&% 'm3#,+5*/%

)+0)'0&/*&#+0$%AF9e%,1I%+=%OM!%*0(%"-(/+R-5*,#0'%#0%1'K@%t%G9B%1%.+&*$$#3,%."+$."*&'%P3=='/%AFkB[%.S%q9DI%*&%

Fe%pK9%O#0'&#)$%<'/'%,+0#&+/'(%P-%fWtW#$%$.')&/+$)+.-9%

%

Et2N

O

O

H
N

Ph R1R1

O

BF3K

O

N
H

Ph

(1.00 equiv) (1.05 equiv)

117

MeCN-d3 / 0.1 M K-phosphate buffer (2:1)

pH 6.8, 25 °C, 15 mM
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#5632p52;0RHU%Q2% 4;]2304<:028% 4>% NSp54;9R4;2%^/'%HKH% 319Q3%3474R:=% 35630405049;%2>>2E03%

:3%+SPH=48HR%^/'%HHW$% ";%E97P:=439;%09%HKHU% 40%Q:3%9632=]28%01:0%NSp54;9R4;2%^/'%HKV%Q401%

:;% 4;E9=P9=:028% 2R2E0=9;S89;:04;<%72019XHS356304052;0% 843PR:H28% :EE2R2=:028% R4<:049;% =:023%

Q401% 32E9;8S9=82=% =:02% E9;30:;03% 9>% K$N% ISL% 3SL% D':6R2% ,$KU% &;0=H% L% m% +F$% ";% E9;0=:=HU% NS

p54;9R4;2% ^/'% HKI% 2p54PP28% Q401% :;% 2R2E0=9;SQ4018=:Q4;<% E1R9=9S356304052;0% 319Q28%

82E2R2=:028%R4<:049;%=:023%Q401%:%=:02%E9;30:;0%9>%-$N%ISL%3SL%D':6R2%,$KU%&;0=H%dF$%%

%
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%

%i*j%O#0'&#)%,'*$3/','0&$%<'/'%.'/=+/,'(%*&%'m3#,+5*/%)+0)'0&/*&#+0$%ABe%,1I%+=%OM!%*0(%"-(/+R-5*,#0'%;;B%
#0%1'K@Q(H%t%G9B%1%('3&'/*&'(%.+&*$$#3,%."+$."*&'%P3=='/%AFkB[%.S%q9DI%*&%Fe%pK9%O#0'&#)$%<'/'%,+0#&+/'(%P-%BSQ

@18% $.')&/+$)+.-9% !"'% +P$'/6'(% $')+0(Q+/('/% /*&'% )+0$&*0&$% 2+P$% <'/'% ('&'/,#0'(% *$% &"'% *6'/*>'% +=% &"/''%

,'*$3/','0&$9% iPj% 2/'5% /'./'$'0&$% &"'% /'5*&#6'% /*&'% )+0$&*0&$%<#&"% /'$.')&% &+% cQ,'&"+R-."'0-5%OM!%;;D! A2+P$% s%
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%

";%A4<5=2%,$LU%:%<=:P14E:R%4RR530=:049;%9>%012%9632=]28%=:02%E9;30:;0%9>%':6R2%,$K%43%319Q;$%

'12%>4;84;<%01:0%2R2E0=9;%89;:04;<%356304052;03%4;%012%KSP934049;%R2:8%09%:%=:02%4;E=2:32U%Q14R2%

2R2E0=9;SQ4018=:Q4;<%356304052;03%82E2R2=:02%012%R4<:049;%[4;204E3%43%4;%<998%:<=2272;0%09%012%

960:4;28%=235R03%>9=%+SPH=48HR%^/'%82=4]:04]23%4;%?1:P02=%+$K$+$%";%E9;ER5349;U%Q2%:33572%01:0%

012%6:34E40H%9>%012%1202=9:=HR%;40=9<2;%43%E=5E4:R%>9=%012%[4;204E%P2=>9=7:;E2U%>9=%6901%+SPH=48HR%

:;8%NSp54;9R4;2%^/'%R4<:049;$%
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MeCN / 0.1 M K-phosphate buffer (2:1)

pH 6.8, 25 °C, 2.5 mMR1
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130│ Chapter 5 -  Second Generation of Acyltrifluoroborates with Enhanced KAT Ligation Kinetics 
___________________________________________________________________________________________ 

Table 5.5  Variable pH kinetic measurements of 4-methoxyphenyl KAT, 2-pyridyl KAT and 8 quinoline KAT. 

 

  

   

Entry pH kobs (M-1 s-1) [a] kobs (M-1 s-1)[a] kobs (M-1 s-1) [b] 

1 3.6 6.7 21.9 23.4 

2 3.9 3.1 14.1 – 

3 4.4 0.3 4.5 14.6 

4 5.1 0.017 0.231 9.6 

5 5.8 – – 5.8 

6 6.8 0.003 0.020 2.5 

7 7.4 0.001 0.011 0.7 

Conditions: [a] Kinetic experiments were performed at equimolar concentrations of KAT and hydroxylamine 117 

reactants under buffered solvent conditions at different pH values and 25 °C. For pH 4.4 – 7.4 kinetic 

measurements were performed at a concentration of 15 mM in MeCN-d3 / 0.1 M deuterated potassium phosphate 

or acetate buffer (2:1). The reaction process was monitored by 1H-NMR spectroscopy. For pH 3.6 – 3.9 kinetic 

measurements were performed at a concentration of 3.75 mM in MeCN / 0.2 M potassium acetate buffer (1:9). 

Kinetic experiments were performed at equimolar (2.5 mM) concentrations of KAT and hydroxylamine reactants 

under buffered solvent conditions at different pH values in MeCN / 0.2 M potassium acetate buffer and 25 °C. 

Kinetics were monitored by UV/Vis spectroscopy.  

 

Unlike for pyridyl KAT 116 and aryl KAT 119, 8-quinoline KAT 171 did not show an 

exponential increase in ligation rates with decreasing pH, but rather a steady rate increase. 

Thus, no turning point was observed, at which the pH drastically increases or decreases.  

Our results were further substantiated by additional kinetic measurements using ESI Q-

TOF mass spectrometry (Scheme 5.3). Ligation reactions with 8-quinoline KAT 171 and 

hydroxylamine 117 were performed at an equimolar concentration of 150 μM in a solvent 

mixture of MeCN / 0.2 M potassium acetate (pH 3.9 – 5.1) or phosphate buffer respectively 

(pH 5.8). Kinetics were measured in real-time by constant injection of the reaction sample 
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a) Syntheis of PEGylated KAT Reagents

b) Site-Specific MonoPEGylation of sfGFP-(S147C) with PEGylated KAT Reagents
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8%$$'+!0*8&(-$&!JXW_!35/!K<OX!33'$M!,#!YN!c!8,%$.<!=)%!&1%0(*-$!.-(-!'2!J!R!!+-&!

,#!-5*%%3%#(!+,()!$,(%*-(6*%<WXS!!
!

=;(;!ON!f!OS!PB<!TUOV>!J#%-(/!034WM!ν3-?!h!KK_W/!KLNY/!WOYO/!WN_O/!WNSL/!WNKN/!WNLS/!WKLL/!

WTNT/!WTLY/!WWXO/!WLSX/!WLNO/!WLLT/!_YS/!YON/!X_Y/!XNX<!!W$G=>!JNLL!ECU/!BZB$KM!g!X<YY!f!

X<X_!J3/!KCM/!X<KY!J.;/!=!h!X<N/!L<Y!CU/!WCM/!X<KW!J.../!=!h!Y<K/!X<T/!W<S!CU/!WCM/!X<LT!J../!=!h!

Y<K/! W<K! CU/! WCM/! S<_T! J.../! =! h! Y<N/! X<T/! W<K! CU/! WCM/! N<YX! J&/! TCM<! !D7$ G=>! JWLW!ECU/!

BZB$KM!g!WO_<_/!WOX<O/!WOX<N/!WKY<X/!WKW<X/!WTS<O/!WW_<W/!WW_<L/!WWY<X/!WWY<S/!WWY<L/!SO<K<!

W>O=A!JD9RM!0-$0.!2'*!BWTCWT]\T!sE!t!Cut!TLT<LYSK/!2'6#.!TLT<LYSS<!

$ $

HO

N
HO

HO

N

Me
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!

XOH@OWF4*2'F(8)-F0I(+320+-+3$/3+4$HJ!R@I$

`*%1-*%.! 2*'3! S47*'3'1,0'$,#,0! -0,. WYO !JYO_! 35M! 78! -! &$,5)(! 3'.,2,0-(,'#! '2!

5%#%*-$!1*'0%.6*%!W<!H2(%*!()%!*%-0(,'#!3,?(6*%!+-&!0''$%.!('!*''3!(%31%*-(6*%/!

W!E!]-\C!JWLL!3GM!+-&!-..%.!-#.!()%!3,?(6*%!+-&!%?(*-0(%.!BCTB$T! JK!?!WLL!

3GM<! =)%! -;6%'6&! $-8%*!+-&! 0'$$%0(%./! 2,$(%*%.! '>%*! 0%$,(%! -#.! -0,.,2,%.! ('! 1C!K!

+,()!S!E!CB$<!=)%!8%$$'+!1*%0,1,(-(%!+-&!2,$(%*%.!'22!-#.!+-&)%.!+,()!CT\!JT!?!OL!3GM<!H2(%*!

.*8,#5!6#.%*!),5)!>-0663!()%!.%&,*%.!1*'.60(!+-&!'7(-,#%.!-&!-!1-$%!8%$$'+!&'$,.!JNSS!35/!

T<WX!33'$M!,#!OWc!8,%$.<!=)%!&1%0(*-$!.-(-!'2!J!R@!+-&!,#!-5*%%3%#(!+,()!$,(%*-(6*%<WYS!!

!

=;(;! TOK!f! TOS! PB<!TUOV>! J#%-(/! 034WM!ν3-?! h! T_LL! J7*M/! WS_Y/! WOYX/! WOLL/! WNYW/! WNSK/!

WNTX/! WNLX/! WKKW/! WTXL/! WTKT/! WWST/! WL_T/! WLLT/! _KW/! _WY/! YKS/! YTT/! XOO/! XKX/! SSO<! !W$

G=>!JNLL!ECU/!ZE9\43SM!g!WN<WW!J&/!WCM/!WK<XS!J&/!WCM/!Y<NO!J../!=!h!Y<N/!L<_!CU/!WCM/!Y<W_!

J(/!WC/!=!h!X<_!CUM/!Y<L_!J../!=!h!Y<K/!W<X!CU/!WCM/!Y<LK!J../!=!h!X<S/!L<Y!CU/!WCM/!X<KO!J.../!=!h!

Y<S/!X<T/!W<S!CU/!WCM/!S<_O!f!S<_K! J3/!TCM<! !D7$G=>! JWLW!ECU/!ZE9\43SM!g!WSN<_/!WO_<K/!

WOS<Y/!WNN<X/!WK_<Y/!WKW<_/!WTX<K/!WTK<L/!WTT<Y/!WWY<_/!WWY<T/!WWY<T<!W>O=A!JD9RM!0-$0.!2'*!

BWTCWL]\K!sE!t!Cut!TWS<LSOO/!2'6#.!TWS<LSOX<!

!

@OHXOE,+-2(F*+4+-O@OF0I(8)-20$HJ!RDI$

`*%1-*%.!2*'3!3%()8$!S47*'3'18*,.,#%4T4-3,#%!JXKO!35M!78!5%#%*-$!1*'0%.6*%!W<!

`6*,2,%.!78!0'$63#!0)*'3-('5*-1)8!JD(\H0o)%?-#%&!W^OM!-#.!,&'$-(%.!-&!-!8%$$'+!

&'$,.!JSTX!35/!K<KX!33'$M!,#!X_c!8,%$.<!!

!

=;(;!WKX!f!WKY!PB<!TUOV>!J#%-(/!034WM!ν3-?!h!WO_X/!WOSO/!WN_X/!WNOW/!WNWL/!WKXW/!WKTT/!WTYN/!

WTOX/!WTWY/!WWXK/!WWN_/!WL_L/!WLSX/!__N/!_TO/!YTL/!X_S/!XOS/!XNO/!XLS/!S_O<!!W$G=>!JNLL!

ECU/!BZB$KM!g!WN<L_!J&/!WCM/!X<XO!J../!=!h!Y<L/!W<X!CU/!WCM/!X<OX!J(/!=!h!Y<L!CU/!WCM/!X<TX!f!

X<TK!J3/!TCM/!S<_Y!J../!=!h!Y<T/!W<K!CU/!WCM/!S<YY!J.../!=!h!Y<N/!X<T/!W<K!CU/!WCM/!S<NN!J../!=!h!

Y<T/! L<X! CU/! WCM/! N<OK! J&/! TCM<! !D7$ G=>! JWLW!ECU/! BZB$KM! g! WO_<S/! WOS<T/! WOO<O/! WK_<O/!

WKW<W/!WTS<S/!WW_<N/!WWY<_/!WWY<N/!WL_<K/!WLS<S<!W>O=A! JD9RM!0-$0.! 2'*!BWWCWW]\! sE!t!Cut!

WYX<LYSS/!2'6#.!WYX<LYXL<!

!

$

$

HO

N
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!"#$%&'()(−((*+$&',-&.%#/(0'12&34'&5(#.3(!"#'#2%&',6#%,1.(7#%#(8!QD$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%(

!

!

XOH@OWF4*2'F(8)-F0I-+32.+-+3$/3+4 (J!R"I$

`*%1-*%.! 2*'3! S47*'3'#,0'(,0! -0,.! JYO_!35M! 78! -! &$,5)(! 3'.,2,0-(,'#! '2! 5%#%*-$!

1*'0%.6*%! W<! H2(%*! ()%! *%-0(,'#! 3,?(6*%! +-&! 0''$%.! ('! *''3! (%31%*-(6*%/! W! E!

]-\C!JWLL!3GM!+-&!-..%.!-#.!()%!3,?(6*%!+-&!%?(*-0(%.!BCTB$T!JK!?!WLL!3GM<!

=)%!-;6%'6&!$-8%*!+-&!0'$$%0(%./!2,$(%*%.!'>%*!0%$,(%!-#.!-0,.,2,%.!('!1C!K!+,()!S!E!

CB$<!=)%!8%$$'+!1*%0,1,(-(%!+-&! 2,$(%*%.!'22!-#.!+-&)%.!+,()!CT\! JT!?!OL!3GM<!H2(%*!.*8,#5!

6#.%*!?#241!()%!.%&,*%.!1*'.60(!+-&!'7(-,#%.!-&!-!7*,5)(!8%$$'+!&'$,.!JOOY!35/!T<O_!33'$M!,#!

SWc!8,%$.<!!

!

=;(;!TOY!f!TSL!PB<!TUOV>!J#%-(/!034WM!ν3-?!h!T_LL!J7*M/!WSYL/!WOYY/!WOOY/!WOLN/!WNYO/!WNWS/!

WKXN/!WKLL/!WTXK/!WTTX/!WWNY/!WWKX/!WLW_/!_NO/!_TX/!YOO/!YK_/!YTL/!XN_/!XKY/!XTX<!!W$G=>!

JNLL!ECU/!3%()-#'$43NM!g!_<WT!J../!=!h!T<T/!L<_!CU/!WCM/!Y<NO!J../!=!h!Y<S/!T<T!CU/!WCM/!Y<WS!

J../!=!h!Y<Y/!L<_!CU/!WCM/!X<_O!J../!=!h!Y<X/!W<O!CU/!WCM/!X<KS!f!X<KW!J3/!WCM/!S<_S!f!S<_T!J3/!

TCM<! !D7$ G=>! JWLW!ECU/!3%()-#'$43NM! g! WSX<O/! WST<T/! WSW<L/! WNY<_/! WK_<Y/! WKK<N/! WTY<T/!

WTO<S/! WTL<K/! WTL<W/! WW_<S/! WW_<T<!W>O=A! JD9RM! 0-$0.! 2'*! BWTCWL]\K! sE! t! Cut! TWS<LSOO/!

2'6#.!TWS<LSSL<!

$

=).8F0$XOH@O8F4*2'F(8)-F0I(+320+-/.)$HJ!RXI$

`*%1-*%.! 2*'3! 3%()8$! S47*'3'1,0'$,#-(%WYX!J_WY! 35M! 78! 5%#%*-$! 1*'0%.6*%! W<!

`6*,2,%.! 78! 0'$63#! 0)*'3-('5*-1)8! JD(\H0o)%?-#%&! W^WLM! -#.! ,&'$-(%.! -&! -!

0'$'*$%&&!&'$,.!JSTX!35/!T<XN!33'$M!,#!SNc!8,%$.<!!

!

=;(;! YS! f! YX! PB<! TUOV>! J#%-(/! 034WM! ν3-?! h! WXTL/! WO_O/! WNSK/! WNKS/! WNL_/! WKKK/! WTTX/!

WWKY/_SN/!YN_/!XN_/!XKN<!!W$G=>! JNLL!ECU/!ZE9\43SM!g!WK<YT!J&/!WCM/!Y<NX!J../!=!h!Y<N/!

L<_!CU/!WCM/!Y<TL!J(/!=!h!X<_!CU/!WCM/!Y<LY!J../!=!h!Y<O/!W<S!CU/!WCM/!Y<LO!J../!=!h!X<X/!L<_!CU/!

WCM/!X<KY!f!X<KN!J3/!WCM/!S<_Y!f!S<_N!J3/!TCM/!K<_S!J&/!KCM<!!D7$G=>!JWLW!ECU/!ZE9\43SM!g!

WSK<_/!WO_<W/!WOS<_/!WNK<X/!WK_<Y/!WKT<L/!WTX<N/!WTK<S/!WTT<_/!WW_<L/!WWY<K/!WWY<W/!OK<L<!W>O

=A!JD9RM!0-$0.!2'*!BWKCWT]\K!sE!t!Cut!TKL<LYWT/!2'6#.!TKL<LYWX<!

!

!

!

!
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N
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!

@OHXOHY)-9F02'FI(F*+4+-O@OF0I(8)-20$HJ!R#I$

`*%1-*%.! 2*'3! 3%()8$! T4J7%#U8$'?8M4S47*'3'18*,.,#% WYY !JW<WT! 5M! 78! 5%#%*-$!

1*'0%.6*%! W<! `6*,2,%.! 78! 0'$63#! 0)*'3-('5*-1)8! JD(\H0o)%?-#%&! W^WOM! -#.!

,&'$-(%.!-&!0'$'*$%&&!0*8&(-$&!JYKY!35/!K<LT!33'$M!,#!XWc!8,%$.<!!

!

=;(;!WLY!f!WL_!PB<!TUOV>!J#%-(/!034WM!ν3-?!h!WO_X/!WOSO/!WN_X/!WNOW/!WNWL/!WKXW/!WKTT/!WTYN/!

WTOX/!WTWY/!WWXK/!WWN_/!WL_L/!WLSX/!__N/!_TO/!YTL/!X_S/!XOS/!XNO/!XLS/!S_O<!!W$G=>!JNLL!

ECU/!BZB$KM!g!WK<KT!J&/!WCM/!X<XY!J./!=!h!Y<L/!W<X!CU/!WCM/!X<XO!J(/!=!h!Y<T!CU/!WCM/!X<OW!f!

X<KN!J3/!SCM/!X<KW!J.../!=!h!Y<T/!X<T/!W<S!CU/!WCM/!X<LT!J../!=!h!Y<K/!W<K!CU/!WCM/!S<_K!J.../!=!

h! Y<K/! X<T/! W<K!CU/! WCM/! S<YL! J../! =! h! Y<K/! L<X!CU/! WCM/! O<K_! J&/! TCM<! !D7$ G=>! JWLW!ECU/!

BZB$KM!g!WSW<S/!WOY<_/!WOO<N/!WNL<O/!WKS<W/!WKW<O/!WTY<Y/!WTY<N/!WTY<W/!WTS<Y/!WW_<N/!WWY<N/!

WWT<N/!WL_<N/!SY<S<!W>O=A!JD9RM!0-$0.!2'*!BWYCWS]\T!sE!t!Cut!TXY<WWXS/!2'6#.!TXY<WWXN<!

$

@OHXO=).82'F(F*+4+-O@OF0I(8)-20$HJ!RCI$

`*%1-*%.! 2*'3! T47*'3'4S43%()'?818*,.,#%WY_!JX__! 35M! 78! 5%#%*-$! 1*'0%.6*%! W<!

`6*,2,%.! 78! 0'$63#! 0)*'3-('5*-1)8! JD(\H0o)%?-#%&! W^WLM! -#.! ,&'$-(%.! -&! -!

0'$'*$%&&!',$!JOTT!35/!T<O_!33'$M!,#!SWc!8,%$.<!!

!

TUOV>!J#%-(/!034WM!ν3-?!h!WXXL/!WO_X/!WOXW/!WOLL/!WNO_/!WNKW/!WNL_/!WKTY/!WTYO/!WTSK/!WTNT/!

WW_N/!WWSS/!WLYO/!WLSS/!WLTL/!__Y/!YYX/!YLX/!XOT/!SKT<! !W$G=>! JNLL!ECU/!-0%('#%43SM!g!

WK<TS!J&/!WCM/!X<_N!f!X<YY!J3/!TCM/!X<XL!J.(/!=!h!X<Y/!L<S!CU/!WCM/!X<KL!J.../!=!h!Y<O/!X<W/!W<S!

CU/!WCM/!S<_N!f!S<YY!J3/!TCM/!S<YK!J../!=!h!Y<K/!L<X!CU/!WCM/!N<LL!J&/!KCM<!!D7$G=>!JWLW!ECU/!

H0%('#%M!g!WSK<W/!WSL<W/!WOS<W/!WNW<Y/!WKT<W/!WTX<Y/!WTL<L/!WW_<_/!WWY<_/!WWK<L/!WL_<N/!ON<T<!

W>O=A!JD9RM!0-$0.!2'*!BWTCWT]\T!sE!t!Cut!TLT<LYSK/!2'6#.!TLT<LYST<!

$

@OHXO7802*2(F*+4+-O@OF0I(8)-20$HJ!RKI$

`*%1-*%.!2*'3!T47*'3'4S40)$'*'18*,.,#%!JYWY!35M!78!5%#%*-$!1*'0%.6*%!W<!`6*,2,%.!

78! 0'$63#! 0)*'3-('5*-1)8! JD(\H0o)%?-#%&! W^WOM! -#.! ,&'$-(%.! -&! -! 0'$'*$%&&!

1'+.%*!JST_!35/!K<LS!33'$M!,#!XTc!8,%$.<!!

!

=;(;!_Y!f!__!PB<!TUOV>!J#%-(/!034WM!ν3-?!h!WSW_/!WOYT/!WONX/!WNXW/!WNLW/!WT_Y/!WTK_/!WTKT/!

WWY_/! WWO_/! WWKO/! WWWO/! WL_L/! WLNY/! __X/! YNT/! X__/! XKO/! SXO/! SKW<! !W$ G=>! JNLL! ECU/!

N

HO

BnO

HO

N

MeO

HO

N

Cl



!"#$%&'()(−((*+$&',-&.%#/(0'12&34'&5(#.3(!"#'#2%&',6#%,1.(7#%#(8!QQ$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%(

!

!

-0%('#%43SM!g!WT<OT!J&/!WCM/!Y<WN!J../!=!h!Y<W/!L<Y!CU/!WCM/!Y<LO!J(/!=!h!Y<L!CU/!WCM/!X<_X!J../!=!

h!Y<L/!W<S!CU/!WCM/!X<N_!J../!=!h!X<Y/!L<Y!CU/!WCM/!X<KO!J.../!=!h!Y<K/!X<T/!W<S!CU/!WCM/!S<_Y!f!

S<_K! J3/! TCM<! !D7$ G=>! JWLW! ECU/! H0%('#%M! g! WSL<W/! WO_<K/! WNY<O/! WNT<W/! WKK<L/! WTY<W/!

WTK<L/! WTL<T/! WW_<N/! WW_<T/! WW_<T<!W>O=A! JD9RM! 0-$0.! 2'*! BWWC_B$]\! sE! t! Cut! TLS<LKSX/!

2'6#.!TLS<LKSN<!

$

@OH@OWF4*2'F(8)-F0I+62-+32.+-2-+.*+0) (J!!RI$

`*%1-*%.! 2*'3! T47*'3',&'#,0'(,#'#,(*,$%! JXXY! 35M! ()%! 5%#%*-$! 1*'0%.6*%! W<!

`6*,2,%.! 78! 0'$63#! 0)*'3-('5*-1)8! JD(\H0o)%?-#%&! W^WLM! -#.! ,&'$-(%.! -&! -!

7*,5)(!8%$$'+!1'+.%*!JNOY<S!35/!T<KN!33'$M!,#!OOc!8,%$.<!!

!

=;(;!WNW!f!WNT!PB<!TUOV>!J#%-(/!034WM!ν3-?!h!WXXL/!WO_O/!WOYL/!WONK/!WOLN/!WNXY/!WNTX/!WKYL/!

WKLO/!WTNL/!WL_T/!YSL/!YKL/!XXX/!XSK/!XTO/!SKW<!!W$G=>!JNLL!ECU/!-0%('#%43SM!g!WK<KT!J&/!

WCM/!Y<YY!J../!=!h!O<T/!W<L!CU/!WCM/!Y<O_!J./!=!h!W<T!CU/!WCM/!Y<WL!J../!=!h!Y<K/!W<S!CU/!WCM/!

X<XY!J../!=!h!O<T/!W<N!CU/!WCM/!X<KY!J.../!=!h!Y<K/!X<T/!W<S!CU/!WCM/!S<_X!J.(./!=!h!Y<K/!K<S/!W<K!

CU/!TCM<!!D7$G=>!JWLW!ECU/!-0%('#%43SM!g!WSL<_/!WO_<Y/!WNY<S/!WKK<N/!WTY<W/!WTN<L/!WTK<K/!

WTK<W/! WTL<W/! WW_<K/! WWX<T<! W>O=A! JD9RM! 0-$0.! 2'*! BWTC_]T\! sE! t! Cut! W_X<LXL_/! 2'6#.!

W_X<LXWK<!

! !

HO

N

CN



!QX8(!"#$%&'()(−((*+$&',-&.%#/(0'12&34'&5(#.3(!"#'#2%&',6#%,1.(7#%#(
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!

<)-)*/0$1*23)45*)$@S$AF-.8)6+6$2?$Z'+,)$J+L/-46$

!
!

=)%!'?,3%!$,5-#.&!+%*%!1*%1-*%.!-00'*.,#5!('!-!&$,5)($8!3'.,2,%.!$,(%*-(6*%!1*'0%.6*%<W_L!='!-!

&(,**%.!&'$6(,'#!'2!()%!-$.%)8.%!JTL!33'$/!W!%;6,>M!,#!-!3,?(6*%!'2!D(\C!JTO!3GM!-#.!CT\!JT<O!

3GM!+-&!-..%.!]-CB\K!JK<N!5/!NL!33'$/!T!%;6,>M!-#.!)8.*'?8$-3,#%!)8.*'0)$'*,.%!JT<W!5/!

KL!33'$/!W<O!%;6,>M!-(!*''3!(%31%*-(6*%<!H2(%*!T!)!()%!3,?(6*%!+-&!0'#0%#(*-(%./!CT\!+-&!

-..%.!-#.!()%!3,?(6*%!+-&!%?(*-0(%.!+,()!D(\H0!JK!?!WOL!3GM<!=)%!0'37,#%.!'*5-#,0!$-8%*&!

+%*%!+-&)%.!+,()!7*,#%/!.*,%.!'>%*!E59\N!-#.!0'#0%#(*-(%.<!

$

@OWF4*2'F[)-9/04)8F4)$2'+,)$HJ!!!I!

`*%1-*%.!2*'3!T4)8.*'?87%#U-$.%)8.%!JT<N!5M!78!5%#%*-$!1*'0%.6*%!T<!`6*,2,%.!78!

0'$63#! 0)*'3-('5*-1)8! JD(\H0o)%?-#%&! W^SM! -#.! ,&'$-(%.! -&! 0'$'*$%&&! 0*8&(-$&!

JT<X!5/!W_<X!33'$M!,#!_Yc!8,%$.<!=)%!&1%0(*-$!.-(-!'2!J!!!!+-&!,#!-5*%%3%#(!+,()!

$,(%*-(6*%<W_W!

!

=;(;! O_!f!SL! PB<!TUOV>! J#%-(/! 034WM!ν3-?!h!KKXO! J7*M/! WSTY/!WSWX/!WOXY/!WN_S/!WNXN/!WNWT/!

WKLL/!WTYY/!WTON/!WW_O/!WWOO/!__L/!_SL/!_LL/!XYS/!XSS/!XK_/!XTL/!S_O/!SNX<!!W$G=>! JNLL!

ECU/!-0%('#%43SM!g!WL<SK!J&/!WCM/!WL<LS!J&/!WCM/!Y<KS!J&/!WCM/!X<KS!f!X<KN!J3/!WCM/!X<TX!J(./!=!

h!X<_/!W<X!CU/!WCM/!S<_W!J../!=!h!X<X/!X<L!CU/!TCM<!!D7$G=>!JWLW!ECU/!-0%('#%43SM!g!WOY<K/!

WOT<S/!WKW<O/!WKW<K/!WTL<K/!WWY<W/!WWX<W<!W>O=A!JDRM!0-$0.!2'*!BXCX]\T!sEu!WKX<LNXX/!2'6#.!

WKX<LNX_<!

$

@OWF4*2'F/3).2(8)-2-)$2'+,)$HJ!!@I!

`*%1-*%.! 2*'3! T4)8.*'?8-0%('1)%#'#%! JT<X! 5M! 78! 5%#%*-$! 1*'0%.6*%! T<! `6*,2,%.!

78!*%0*8&(-$$,U-(,'#!,#!D(\H0o)%?-#%&!-#.!,&'$-(%.!-&!1-$%!8%$$'+!0*8&(-$&!JW<_!5/!

WT<S! 33'$M! ,#! SKc! 8,%$.<! =)%! &1%0(*-$! .-(-! '2! J!!@! +-&! ,#! -5*%%3%#(! +,()!

$,(%*-(6*%<W_T!

!

N
OH

OH

EtOH/H2O (10:1), 23 °C, 2 h

OOH

R R
NH2OH  HCl, NaHCO3

.

R = H, Me, Ph

N
OH

OH

H

N
OH

OH

Me



!"#$%&'()(−((*+$&',-&.%#/(0'12&34'&5(#.3(!"#'#2%&',6#%,1.(7#%#(8!Q#$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%(

!

!

=;(;!WWS!f!WWX!PB<!TUOV>!J#%-(/!034WM!ν3-?!h!KKTX/!WSKN/!WSWO/!WO_L/!WN_X/!WNS_/!WNL_/!WKS_/!

WTYY/! WTON/! WWO_/! WLNX/! WLWS/! _NN/! YN_/! YKO/! XYW/! XNS/! XKS/! SNK<! !W$ G=>! JNLL! ECU/!

ZE9\43SM!g!WW<OS!J&/!WCM/!WW<OK!J&/!WCM/!X<NY!J../!=!h!X<S/!W<_!CU/!LCM/!X<TK!J.../!=!h!Y<W/!

X<N/!W<X!CU/!WCM/!S<_L!f!S<YO!J3/!TCM/!T<TO!J&/!KCM<!!D7$G=>!JWLW!ECU/!ZE9\43SM!g!WOX<N/!

WOX<W/!WKL<W/!WTX<_/!WW_<N/!WWY<_/!WWS<O/!WW<W<!W>O=A!JDRM!0-$0.!2'*!BYC_]\T!sEu!WOW<LSKK/!

2'6#.!WOW<LSKL<!
$

@OWF4*2'F[)-92(8)-2-)$2'+,)$HJ!!DI!

`*%1-*%.! 2*'3!T4)8.*'?87%#U'1)%#'#%! JN<L!5M!78!5%#%*-$!1*'0%.6*%!T<!`6*,2,%.!

78! *%0*8&(-$$,U-(,'#! ,#!D(\H0o)%?-#%&!-#.! ,&'$-(%.!-&! 0'$'*$%&&! 0*8&(-$&! JW<KS!5/!

S<N! 33'$M! ,#! KTc! 8,%$.<! =)%! &1%0(*-$! .-(-! '2! J!!D! +-&! ,#! -5*%%3%#(! +,()!

$,(%*-(6*%<W_K!

!

=;(;!WKS!f!WKY!PB<!TUOV>!J#%-(/!034WM!ν3-?!h!KKST/!WSTO/!WO_T/!WN_S/!WNNO/!WNWY/!WKXS/!WKTO/!

WTYS/!WTKX/!WTTL/!WWOY/!WWLT/!WLLW/!_KK/!YKN/!XXL/!XOY/!SYX/!SXN/!SO_<!!W$G=>!JNLL!ECU/!

-0%('#%43SM!g!WL<S_!J&/!WCM/!X<_N!J&/!WCM/!X<NY!J../!=!h!X<N/!T<K!CU/!TCM/!X<KS!f!X<T_!J3/!NCM/!

X<LO!J../!=!h!X<S/!W<Y!CU/!WCM/!X<LL!J../!=!h!Y<T/!W<W!CU/!WCM/!S<_N!J(./!=!h!X<N/!W<W!CU/!WCM<!
!D7$ G=>! JWLW!ECU/! -0%('#%43SM! g! WOO<_/! WOO<X/! WKX<Y/! WKW<T/! WKW<L/! WT_<X/! WTY<_/! WTY<W/!

WTT<N/!WTL<K/!WWX<S/!T_<Y<!W>O=A!JDRM!0-$0.!2'*!BWKCWW]\T!sEu!TWK<LX_L/!2'6#.!TWK<LXYN<!

$

@OWF4*2'F[)-9/04)8F4)$ZOH&'(&O[5.F04+(8)-F06+0F0I$2'+,)$HJ!!"I!

`*%1-*%.! 2*'3! T4)8.*'?87%#U-$.%)8.%! JT<N! 5M! -#.!94J%&'%476(8$.,1)%#8$&,$8$M!

)8.*'?8$-3,#%W_N!JY<W!5M$ 78!5%#%*-$! 1*'0%.6*%!T<!`6*,2,%.!78! *%0*8&(-$$,U-(,'#!

,#!D(\H0o)%?-#%&!-#.!,&'$-(%.!-&!0'$'*$%&&!0*8&(-$&!JK<NO!5/!_<T!33'$M!,#!NSc!

8,%$.<!

!

=;(;!ST!f!SN!PB<!TUOV>!J#%-(/!034WM!ν3-?!h!KLTW/!T_OO/!TYOX/!WSTL/!WSL_/!WOY_/!WOXK/!WN_W/!

WNXW/!WNTX/!WK_T/!WKNY/!WTST/!WW_S/!WWOS/!WWWS/!_XN/!_TT/!YKL/!YTL/!XOX/!YK_/!S_Y/!SWK<!!W$

G=>!JNLL!ECU/!BZB$KM!g!_<OT!J&/!WCM/!Y<N_!J&/!WCM/!X<XT!f!X<XL!J3/!NCM/!X<NO!f!X<KX!J3/!SCM/!

X<TN!f!X<WY!J3/!TCM/!S<_W!f!S<YS!J3/!TCM/!W<WS!J&/!_CM<!!D7$G=>!JWLW!ECU/!BZB$KM!g!WOX<X/!

WOS<_/!WKO<S/!WKT<N/!WKW<O/!WKW<L/!WKL<K/!WTY<L/!WW_<S/!WWS<_/!WWS<S/!TX<T/!W_<N<!W>O=A!JDRM!

0-$0.!2'*!BTKCTO]\T9,!sEu!KXO<WSOO/!2'6#.!KXO<WSOS<!

N
OH

OH

Ph

N
OTBDPS

OH

H
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!

#;@;@$ AF-.8)6+6$2?$12./66+5,$"OT052*2[)-92F0.*+?052*2[2*/.)$

!

$

=)%!&8#()%&,&!'2!1'(-&&,63!N42$6'*'7%#U'8$(*,2$6'*'7'*-(%!J!RRM!+-&!1%*2'*3%.!-00'*.,#5!('!

-!1*%>,'6&$8!*%1'*(%.!$,(%*-(6*%!1*'0%.6*%!78!()%!I\ZD!5*'61<W_O!

$

!OH=).82'FH"O?052*2(8)-F0I,).8F0IO!8O[)-92.*+/920)$HA!I!

N4A$6'*'7%#U-$.%)8.%!JO<LL!5/!NL!33'$/!W<L!%;6,>M/!7%#U'(*,-U'$%!JN<YL!

5/! NL! 33'$/! W<L! %;6,>M/! E%\C! JK<TS! 3G/! YW! 33'$/! T<L! %;6,>M/! -#.!

(*,3%()8$'*()'2'*3-(%! JWK<T!3G/!WTW!33'$/!K<L!%;6,>M!+%*%!.,&&'$>%.! ,#!

-#)8.*'6&! =CA! JSL! 3GM! -(! TK! PB<! ='! (),&! &'$6(,'#! +-&! -..%.! 0'#0<! CT9\N! JWT! .*'1&M/!

,33%.,-(%$8!*%&6$(,#5!,#!()%!2'*3-(,'#!'2!-!0'$'*$%&&!1*%0,1,(-(%<!=)%!3,?(6*%!+-&!&(,**%.!-(!TK!

PB! 2'*! TO! 3,#/! W<L! 5! &'$,.! ]-CB\K! +-&! -..%.! -#.! ()%! )%(%*'5%#%'6&! &'$6(,'#! +-&!

0'#0%#(*-(%.! ('! .*8#%&&<! =)%! *%&6$(,#5! ',$! +-&! .,&&'$>%.! ,#! BCTB$T! JTL! 3GM/! 2,$(%*%./!

0'#0%#(*-(%.! -#.! .*,%.! 6#.%*! ),5)! >-0663<! =)%! 16*,(8! '2! -0%(-$! JWL<K! 5/! __c! 8,%$.M! +-&!

7%((%*!()-#!_Oc!-#.!+-&!6&%.!,#!()%!#%?(!&(%1!+,()'6(!26*()%*!16*,2,0-(,'#<!=)%!&1%0(*-$!.-(-!

+-&!,#!-5*%%3%#(!('!$,(%*-(6*%<W_O!
!

!W$ G=>$ JKLL!ECU/! .-0%('#%43SM! Y<LW4Y<LT! J3/! WCM/! X<ON4X<NO! J3/! TCM/! X<NS4X<KS! J3/!KCM/!

X<TK4X<WT!J3/!KCM/!K<NO!J&/!KCM<!!KT$G=>$JTYT!ECU/!-0%('#%43SM!fWWN<O<!

$

12./66+5,$"O?052*2[)-92F0.*+?052*2[2*/.)$H!RRI!

!R#! -! OLL! 3G! 2$-&:/! 7%#U'(*,-U'$%! A!$ JWL<L! 5/! K_! 33'$/! W<LO! %;6,>M! +-&!

.,&&'$>%.! ,#! .*8! =CA! JTOL! 3GM! -(! @=<! =)%! 2$-&:! +-&! 1$-0%.! ,#! -! .*8!

,0%o-0%('#%!7-()!+),0)!+-&!0''$%.!+,()!$,;6,.!#,(*'5%#!('!fWWL!PB!-#.!&(,**%.!

2'*!-(!$%-&(!WO!3,#<!.@I6(8$$,(),63!JW<S!E!,#!)%?-#%&/!TK!3G/!KX!33'$/!W<L!%;6,>M!+-&!-..%.!

&$'+$8!.'+#!()%!&,.%!'2!()%!2$-&:!'>%*!WL!3,#<!=)%!*%&6$(,#5!.%%1!5*%%#!&'$6(,'#!+-&!&(,**%.!

2'*!T!3,#!2'$$'+,#5!()%!%#.!'2!.@76(8$$,(),63!-..,(,'#/!-#.!#%-(!IJ\E%MK!JY<TO!3G/!XN!33'$/!

T<L!%;6,>M!+-&!-..%.!&$'+$8!'>%*!W!3,#!.,*%0($8!,#('!()%!&'$6(,'#<!H2(%*!O4WL!3,#!'2!&(,**,#5!()%!

&'$6(,'#!5*-.6-$$8! (6*#%.! *%.<!=)%! 2$-&:!+-&!:%1(! ,#! ()%!.*8! ,0%o-0%('#%!7-()! 2'*!W!)/!+),0)!

F

H

O

N
H

N
N

F

N

OMe

N NTHF, 23 °C, 30 min

MeOH, CH(OMe)3 n-BuLi, B(OMe)3

F

O

BF3K
H2SO4 (cat.) sat. aq. KHF2

THF
-110 °C to 23 °C, 16 h

F

N

OMe

N N

F

O

BF3K



!"#$%&'()(−((*+$&',-&.%#/(0'12&34'&5(#.3(!"#'#2%&',6#%,1.(7#%#(8!QK$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%(

!

!

&$'+$8! +-*3%.! ('! fXY! PB/! -#.! ()%#! *%3'>%.! 2*'3! ()%! 7-()<! "#.%*! >,5'*'6&! &(,**,#5! 2,>%!

1'*(,'#&!'2!&-(<!-;<!QCAT!+%*%!-..%.!JO!?!TL!3G/!WLL!3G!('(-$M<!H&!()%!*%-0(,'#!+-*3%.!('!

*''3!(%31%*-(6*%!-!7,1)-&,0!3,?(6*%!0'#&,&(,#5!'2!-!3,$:8!+),(%!-;6%'6&!$-8%*!-#.!-!8%$$'+!

'*5-#,0! $-8%*! 2'*3%.<!=)%!3,?(6*%!+-&!&(,**%.! 2'*!WS!)<!=)%! (+'! $-8%*&!+%*%!&%1-*-(%.!-#.!

()%!'*5-#,0!1)-&%!+-&!%>-1'*-(%.!6#(,$!'#$8!+-(%*!*%3-,#%.<!=)%!*%&6$(,#5!8%$$'+!+%(!&$6**8!

+-&!3,?%.!+,()!D(T\!JNL!3GM<!H2(%*! 2,$(*-(,'#/!+-&),#5!+,()!-..,(,'#-$!D(T\!JN!?!KL!3GM!-#.!

.*8,#5! 6#.%*! ),5)! >-0663/! ()%! 1*'.60(! +-&! -22'*.%.! -&! -! 0'$'*$%&&! &'$,.! JO<KN! 5M! ,#! STc!

8,%$.<!=)%!&1%0(*-$!.-(-!+-&!,#!-5*%%3%#(!+,()!$,(%*-(6*%<W_O!

$

=;(;!.%0'31'&,(,'#!vTOL!PB<!TUOV>!J#%-(/!034WM!ν3-?!h!KLWK/!WSKX/!WOYL<!!W$G=>!JSLL!ECU/!

ZE9\43SM!g!X<_Y!f!X<_O!J3/!WCM/!X<TL!f!X<WX!J3/!WCM<!!D7$G=>!JWOW!ECU/!ZE9\M!g!TKT<K!f!

TT_<L!J3M/!WSK<S!J./!=!h!TNX<O!CUM/!WKY<L/!WKL<K!J../!=!h!Y<_/!T<T!CUM/!WWN<O!J./!=!h!TW<T!CUM<!
!KT$G=>!JTYT!ECU/!-0%('#%43SM!g!4WWW<Y!JWAM/!4WNN<X!J../!=!h!WLK<L/!OL<T!CU/!KAM<!!!Y$G=>!

JWSL!ECU/!ZE9\43SM! g! 4W<WN! J;/! =! h! OK<O!CUM<!W>O=A! JDRM! 0-$0.! 2'*!BXCNIAN\T! sE! f!Qu!f!!

W_W<LT_Y/!2'6#.!W_W<LT_X<!

! !



!XR8(!"#$%&'()(−((*+$&',-&.%#/(0'12&34'&5(#.3(!"#'#2%&',6#%,1.(7#%#(
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!

#;@;D$ AF-.8)6+6$2?$12./66+5,$=2-2?052*2/3F0[2*2-/.)6$

`'(-&&,63!3'#'2$6'*'-08$7'*'#-(%!!!Q!-#.!!QC!+%*%!&8#()%&,U%.!-00'*.,#5!('!-!1*%>,'6&$8!

*%1'*(%.!$,(%*-(6*%!1*'0%.6*%<W_S!

!

<)-)*/0$1*23)45*)$D$?2*$.8)$AF-.8)6+6$2?$12./66+5,$=2-2?052*2/3F0[2*2-/.)6$

$
$

`'(-&&,63!3'#'2$6'*'7'*-(%!&8#()%&,&!+-&!1%*2'*3%.!-00'*.,#5!('!-!1*%>,'6&$8!%&(-7$,&)%.!

1*'0%.6*%! 78! ()%! I\ZD! 5*'61<W_S! ='! -! 2$-3%4.*,%.! WL! 3G! 90)$%#:! 2$-&:! %;6,11%.! +,()! -!

3-5#%(,0!&(,*!7-*!+-&!-..%.!T4J18*,.,#4T48$M1)%#'$! $,5-#.$ JW<L!33'$/!W<L!%;6,>M<!H#)8.*'6&!

BCKB]! JL<SY! 3GM! -#.! :A947,&J(*,3%()8$&,$8$M! (*,2$6'*'-0%(-3,.%! JKTL! wG/! W<TL! 33'$/! W<T!

%;6,>M! +%*%! -..%.! -#.! ()%! 3,?(6*%! +-&! &(,**%.! 2'*! W! )! -(! SL! PB<! H2(%*! 0''$,#5! ('! *''3!

(%31%*-(6*%/!-$$!>'$-(,$%&!+%*%!*%3'>%.!0-*%26$$8!6#.%*!>-0663!-#.!()%!*%&,.6-$!1-$%!8%$$'+!

',$!+-&!-..,(,'#-$$8!.*,%.!2'*!T!)!6#.%*!>-0663!-(!SL!PB!('!5,>%!()%!=E940-11%.!$,5-#./!+),0)!

+-&! 6&%.! ,#! ()%! #%?(! &(%1! +,()'6(! 26*()%*! 16*,2,0-(,'#<! H! 2$-3%4.*,%.! OL! 3G! 90)$%#:! 2$-&:!

%;6,11%.!+,()!-!3-5#%(,0!&(,*!7-*!+-&!0)-*5%.!+,()!1'(-&&,63!N42$6'*'7%#U'8$(*,2$6'*'7'*-(%!

!RR! JTKL! 35/! W<L! 33'$/! W<L! %;6,>M<! H! &'$6(,'#! '2! ()%! =E940-11%.! $,5-#.! ,#! -#)8.*'6&!

BCKB]!JS<L!t!T<L!t!T<L!3GM!+-&!-..%.<!='!(),&!&6&1%#&,'#!IAK⋅\D(T!JWTK!wG/!W<L!33'$/!W<L!

%;6,>M!+-&!-..%.!.*'1+,&%<!=)%!3,?(6*%!7%0-3%!)'3'5%#%'6&!-#.!+-&!&(,**%.!2'*!N!)!-(!TK!

PB<!=)%! *%-0(,'#!3,?(6*%!+-&!0-*%26$$8!%>-1'*-(%.! J(%31%*-(6*%!'2!+-(%*!7-()! $%&&! ()-#!KL!

PBM<!=)%!0*6.%!3-(%*,-$!+-&!16*,2,%.!78!&,$,0-!5%$!0'$63#!0)*'3-('5*-1)8!JD(\H0o)%?-#%&M!('!

-22'*.!()%!.%&,*%.!1*'.60(<!

$ $

F

O

BF3K

N

F

O

B
O

N
F

F3C N

OTMS

TMS

MeCN, 60 °C, 1 h
MeCN, 23 °C, 4 h

BF3  Et2O.TMSO

R
N

HO

R
100

R
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!

!

"OT052*2(8)-F0$,2-2?052*2/3F0[2*2-/.)$?*2,$@OH(F*+4+-O@OF0I(8)-20$0+L/-4$HA@I!

`*%1-*%.! 2*'3! T4J18*,.,#4T48$M1)%#'$! JWXW! 35M! 78! 5%#%*-$! 1*'0%.6*%! K<!

`6*,2,%.!78!&,$,0-!5%$!0'$63#!0)*'3-('5*-1)8! JD(\H0o)%?-#%&!W^WLM!-#.!

,&'$-(%.!-&!-!8%$$'+!&'$,.!JTLX!35/!L<S!33'$M! ,#!SNc!8,%$.<!=)%!&1%0(*-$!

.-(-!'2!A@!+%*%!,#!-5*%%3%#(!+,()!$,(%*-(6*%<W_S!

!

TUOV>!J#%-(/!034WM!ν3-?!h!KWLT/!KLXK/!WSTK/!WOYX/!WOLL/!WNKX/!WT_T/!WTTY/!WWWX/!WLOW/!_OY/!

YNL<!!W$G=>!JSLL!ECU/!BZB$KM!g!Y<OL!J.../!=!h!O<_/!W<X/!L<Y!CU/!WCM/!Y<TO!f!Y<TW!J3/!TCM/!

Y<WS!J.../!=!h!Y<N/!X<N/!W<X!CU/!WCM/!Y<LX!J.(/!=!h!Y<O/!L<_!CU/!WCM/!X<XS!f!X<XN!J3/!WCM/!X<OX!

J.../!=!h!X<K/!O<_/!W<K!CU/!WCM/!X<KS!J.../!=!h!Y<K/!X<T/!W<S!CU/!WCM/!X<WK!f!X<WL!J3/!TCM/!X<LK!

J.../! =! h! Y<K/! W<T/! L<N!CU/! WCM/! S<_S! J.../!=! h! Y<L/! X<T/! W<T!CU/! WCM<! !D7$ G=>! JWOW!ECU/!

BZB$KM!g!TTY<X!f!TTS<W!J3M/!WSO<N!J./!=!h!TOT<S!CUM/!WOO<W!J./!=!h!O<T!CUM/!WN_<_/!WNT<S!J./!=!

h!S<K!CUM/!WNT<N/!WKS<N/!WKN<X/!WKW<K!J../!=!h!_<W/!T<K!CUM/!WTO<O/!WTT<_/!WTL<Y/!WTL<O/!WTL<K/!

WWS<S/!WWO<K!J./!=!h!TW<O!CUM<!!KT$G=>!JNXL!ECU/!BZB$KM!g!4WLX<T!J((/!=!h!Y<Y/!O<X!CU/!WAM/!4

WOY<Y!J./!=!h!YO<K!CU/!KAM<!!!Y$G=>!JWSL!ECU/!BZB$KM!g!T<WL!J./!=!h!NN<N!CUM<!W>O=A!JD9RM!

0-$0.!2'*!BWYCWTIAT]\T!sE!t!]-ut!KNS<LYTO/!2'6#.!KNS<LYTL<!!

!

"OT052*2(8)-F0$ ,2-2?052*2/3F0[2*2-/.)$ ?*2,$ @OHXO,).8F0(F*+4+-O@OF0I(8)-20$ 0+L/-4$

HADI!

!`*%1-*%.! 2*'3! T4JS43%()8$18*,.,#4T48$M1)%#'$! JWYS! 35M! 78! 5%#%*-$!

1*'0%.6*%! K<! `6*,2,%.! 78! &,$,0-! 5%$! 0'$63#! 0)*'3-('5*-1)8!

JD(\H0o)%?-#%&!W^WLM!-#.!,&'$-(%.!-&!-!8%$$'+!&'$,.!JWWO!35/!L<K!33'$M!

,#!KNc!8,%$.<!

!
!W$G=>!JKLL!ECU/!BZB$KM!g!Y<TY!f!Y<TT!J3/!TCM/!Y<WL!J./!=!h!Y<T!CU/!WCM/!X<YL!f!X<XL!J3/!

KCM/!X<NW!J.../!=!h!Y<S/!X<T/!W<S!CU/!WCM/!X<WSOf!X<LW!J3/!KCM/!S<YS!J../!=!h!Y<O/!L<_!CU/!WCM/!

K<YT!J&/!KCM<!!KT$G=>!JTYT!ECU/!BZB$KM!g!4WLY<N!J((/!=!h!Y<Y/!O<Y!CU/!WAM/!4WNX<N!J7*&/!KAM<!

W>O=A!JEHGZRM!0-$0.!2'*!BW_CWNIAT]\T!sE!t!]-ut!KSL<L_XY/!2'6#.!KSL<L_X_<!

! !
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!

@O?052*2OQO,2-2?052*2[2*2-/.)$H!QCI$

B'31'6#.! !QC! +-&! 1*%1-*%.! 2*'3! T4JT4)8.*'?81)%#8$M18*,.,#%! JK#!

JWXW! 35/! W<LL! 33'$/! W<L! %;6,>M! 78! 5%#%*-$! 1*'0%.6*%! K<! =)%! 0*6.%!

3-(%*,-$! +-&! .,*%0($8! 16*,2,%.! 78! &,$,0-! 5%$! 0'$63#! 0)*'3-('5*-1)8!

JD(\H0o)%?-#%&! W^OM! ('! -22'*.! ()%! .%&,*%.! 1*'.60(! -&! -! 8%$$'+! &'$,.!

JWOS!35/!L<NY!33'$/!NYcM<!!

!

=;(;! WXX<S! f! WXY<T! PB<$ V>$ J#%-(/! 034WM!ν3-?! h! WSK_/! WSTT/! WSLX/! WOXY/! WOSL/! WOLL/! WNYT/!

WNOS/! WNKK/! WKSX/! WT_T/! WTTY/! WWXL/! WWNL/! WWWT/! WLXO/! WLON/! WLWY/! _SW/! YNK/! XYY/! XOS/!

XNL/!STL<!!W$G=>! JOLL!ECU/!BZB$KM!g!_<WN!J./!=!h!W<S!CU/!WCM/!Y<OL!J../!=!h!O<_/!L<_!CU/!

LCM/!Y<NX!J(./!=!h!Y<T/!T<N!CU/!WCM/!Y<TW!J.../!=!h!Y<N/!X<O/!W<X!CU/!WCM/!Y<WW!J./!=!h!Y<S!CU/!

WCM/!X<XS!J../!=!h!Y<W/!W<S!CU/!WCM/!X<SL!J.../!=!h!X<K/!O<_/!W<K!CU/!WCM/!X<K_!J.../!=!h!Y<K/!

X<T/!W<S!CU/!WCM/!X<LN! J../!=!h!Y<O/!L<_!CU/!WCM/!X<LL!f!S<_S! J3/!TCM<! !D7$G=>! JWOW!ECU/!

BZB$KM!g!TTX<O!f!TTO<W! J3M/!WSO<L! J./!=!h!TNK<_!CUM/!WON<X! J./!=!h!O<T!CUM/!WOL<K! J../!=!h!

WO<_/!K<O!CUM/!WN_<Y/!WNT<O/!WNT<N!J./!=!h!S<K!CUM/!WNW<L!J./!=!h!_<L!CUM/!WKN<Y/!WKK<K/!WTO<N/!

WTT<_/!WTL<_/!WTL<K/!WTL<K/!WWS<N/!WL_<K!J./!=!h!KX<T!CUM<!!KT$G=>!JNXL!ECU/!BZB$KM^!g!4ST<S!

J../!=!h!X<Y/!T<_!CUM/!4WO_<S!J./!=!h!XL<S!CUM<!!!Y$G=>!JWSL!ECU/!BZB$KM^!g!W<YN!J./!=!h!NY<W!

CUM<!W>O=A!JD9RM!0-$0.!2'*!BWXCWWIAT]T]-\T!sE!t!]-ut!KNX<LXXX/!2'6#.!KNX<LXYK<!

! !
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!

!

#;@;"$ AF-.8)6+6$2?$Y*2,2\5+-20+-)$1*)35*62*6$

COY*2,2\5+-20+-)$H!#CI$

Y4I*'3';6,#'$,#%! !#C! +-&! &8#()%&,U%.! -00'*.,#5! ('! -! 1*%>,'6&$8! *%1'*(%.!

$,(%*-(6*%! 1*'0%.6*%< W_X !H! OL! 3G! *'6#.! 7'(('3! 2$-&:! +-&! 0)-*5%.! +,()!

3%()-#%&6$2'#,0! -0,.! JWS!3GM/! K4#,(*'7%#U%#%! &6$2'#,0! -0,.! &'.,63! &-$(! JN<TS! 5/!

WY<_!33'$/!L<SK!%;6,>M!-#.!A%9\N⋅XCT\!JL<TO!5/!L<_!33'$/!L<LLK!%;6,>M<!=)%!3,?(6*%!+-&!

)%-(%.!('!WTO!PB!7%2'*%!-..,#5!T47*'3'-#,$,#%!JK<NS!3G/!KL!33'$/!W!%;6,>M!-#.!5$80%*'$!JN!?!

T<TW!3G/! SL!33'$/! T! %;6,>M<! =)%!3,?(6*%!+-&! &(,**%.! -(! WTO! PB! 2'*! WS! )<! =)%! .-*:! 7*'+#!

3,?(6*%!+-&!0''$%.! ('! *''3! (%31%*-(6*%!-#.!CT\!+-&!-..%.!&$'+$8! JTL!3GM<!=)%!3,?(6*%!

+-&!(*-#&2%**%.!,#('!-!OLL!3G!D*$%#3%8%*!2$-&:!+,()!-..,(,'#-$!CT\!-#.!0''$%.!('!L!PB!6&,#5!

-#!,0%47-()<!=)%!*%-0(,'#!3,?(6*%!+-&!7-&,2,%.!('!1C!WN!78!-..,#5!T!E!-;<!]-\C!&'$6(,'#!-#.!

&'$,.!]-\C!1-$$%(&<!=)%!3,?(6*%!+-&!%?(*-0(%.!+,()!D(T\!JK!?!TLL!3GM<!=)%!0'37,#%.!'*5-#,0!

$-8%*&!+%*%!+-&)%.!+,()!7*,#%/!.*,%.!'>%*!]-T9\N<!=)%!'*5-#,0!&'$>%#(!+-&!*%3'>%.!6#.%*!

*%.60%.!1*%&&6*%!('!8,%$.!()%!.%&,*%.!1*'.60(!-&!-!7*'+#48%$$'+!',$!JN<XO!5/!TS<N!33'$/!YYcM<!!

!

=)%! &1%0(*-$! .-(-! +-&! ,#! -5*%%3%#(! +,()! $,(%*-(6*%<W_Y$TUOV>! J#%-(/! 034WM! ν3-?! h! KLOW! J7*M/!

KLTN!J7*M/!WSLX/!WO_N/!WNY_/!WNOS/!WKYW/WKLS/!WTLK/!WLST/!_SK/!YW_/!XYW/!XOO/!SNK!W$G=>!

JNLL!ECU/!BZB$KM!g!_<LK!J((/!=!h!N<W/!W<X!CU/!WCM/!Y<WK!J.../!=!h!Y<T/!K<N/!W<Y!CU/!WCM/!Y<LK!

J.../!=!h!X<X/!K<T/!W<O!CU/!WCM/!X<XS!J.../!=!h!Y<N/!K<O/!W<S!CU/!WCM/!X<NN!J.(./!=!h!Y<L/!N<L/!W<O!

CU/! WCM/! X<NL! f! X<KN! J3/! WCM<! !D7$ G=>! JWLW! ECU/! BZB$KM! g! WOW<K/! WNO<K/! WKS<X/! WKK<K/!

WT_<X/!WTX<_/!WTX<W/!WTN<Y/!WTT<L<!W>O=A!JD9RM!0-$0.!2'*!B_CXI*]!sE!t!Cut!TLX<_XOS/!2'6#.!

TLX<_XOX<!!

!

COY*2,2O"O,).82'F\5+-20+-)$HA"I$

H! WL! 3G! 3,0*'+->%! >%&&%$! +-&! 0)-*5%.! +,()! Y47*'3'4N40)$'*';6,#'$,#%! JA#M!

JTLL!35/!W<TK!33'$/!W!%;6,>M/!&'.,63!3%()'?,.%!JKKN<W!35/!S<W_!33'$/!O!%;6,>M!

-#.! E%\C! JT! 3GM<! =)%! >%&&%$! +-&! &%-$%.! 0-*%26$$8! -#.! ()%! &6&1%#&,'#! +-&!

)%-(%.!('!_O!PB!2'*!WT!)<!=)%!*%-0(,'#!3,?(6*%!+-&!0''$%.!('!*''3!(%31%*-(6*%/!.,$6(%.!+,()!

CT\!JOL!3GM!-#.!%?(*-0(%.!+,()!D(\H0!JK!?!OL!3GM<!=)%!0'37,#%.!'*5-#,0!$-8%*&!+%*%!.*,%.!

'>%*! ]-T9\N! -#.! 0'#0%#(*-(%.! 6#.%*! *%.60%.! 1*%&&6*%<! =)%! 0*6.%! *%-0(,'#! 3,?(6*%! +-&!

16*,2,%.! 78! 2$-&)! 0'$63#! 0)*'3-('5*-1)8! J%$6%#(^! )%?-#%&oD(\H0! T^WM! ('! 8,%$.! ()%! .%&,*%.!

1*'.60(!-&!0'$'*$%&&!0*8&(-$&!JTXO!35/!W<WS!33'$M!,#!_N!c!8,%$.<$

N
Br

N
Br
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!

=;(;!WTK!f!WTN!PB<!TUOV>!J#%-(/!034WM!ν3-?!h!KLTO/!T_XW/!WSLY/!WOYX/!WOOO/!WN_Y/!WNSL/!

WNLK/!WKYT/!WT_X/!WTSX/!WLX_/!__N/!YOL/!YTO/!YLS/!XX_/!XOX<!!W$G=>! JNLL!ECU/!BZB$KM!g!

Y<Y_!J./!=!h!O<T!CU/!WCM/!Y<W_!J../!=!h!Y<K/!W<N!CU/!WCM/!Y<LK!J../!=!h!X<O/!W<N!CU/!WCM/!X<KN!

J../!=!h!Y<K/!X<O!CU/!WCM/!S<YW!J./!=!h!O<T!CU/!WCM/!N<LS!J&/!KCM<!!D7$G=>!JWLW!ECU/!BZB$KM!g!

WST<X/!WOT<K/!WNS<N/!WKK<X/!WTS<W/!WTN<K/!WTT<_/!WTW<_/!WLL<_/!OS<T<!W>O=A! JD9RM!0-$0.! 2'*!

BWLC_I*]\!sE!t!Cut!TKX<_YST/!2'6#.!TKX<_YSK<!!

!

COY*2,2ODO3/*[).82'FO"O8F4*2'F\5+-20+-)$HAQI$

Y4I*'3'4K40-*7%()'?84N4)8.*'?8;6,#'$,#%$AQ!+-&!&8#()%&,U%.!-00'*.,#5!('!

-!&$,5)$8!3'.,2,%.! $,(%*-(6*%!1*'0%.6*%<W__!H!&'$6(,'#!'2!T47*'3'-#,$,#%!JW<OY!

3G/! WN<ST! 33'$M! -#.! .,%()8$! %()'?83%()8$%#%3-$'#-(%! JT<_! 3G/! WN<ST!

33'$M!+-&!)%-(%.!-(!WLL!PB!2'*!K!)<!Z6*,#5!()%!*%-0(,'#/!-!&(*%-3!'2!]T!+-&!1-&&%.!()*'65)!

()%!3,?(6*%!('!)%$1!*%3'>,#5!()%!D(\C!2'*3%.<!I',$,#5!.,1)%#8$!%()%*!JWL!3GM!+-&!-..%.!('!

()%!3'$(%#!-0*8$-(%!-#.!()%!3,?(6*%!+-&!)%-(%.!-(!*%2$6?!JT_L!PBM! 2'*!T!)! ,#!-! (,#!7-()<!=)%!

3,?(6*%!+-&! 0''$%.! ('! *''3! (%31%*-(6*%! -#.! 1%(*'$%63! %()%*! JWLL!3GM!+-&! -..%.! ('! ()%!

*%-0(,'#!3,?(6*%<!=)%!1*%0,1,(-(%.!1*'.60(!+-&!0'$$%0(%.!-#.!+-&)%.!+,()!1%(*'$%63!%()%*!JT!

?!WLL!3GM<!=)%!1*'.60(!+-&!6&%.!,#!()%!#%?(!&(%1!+,()'6(!26*()%*!16*,2,0-(,'#<!!

$

=)%!&1%0(*-$!.-(-!+-&!,#!-5*%%3%#(!+,()!$,(%*-(6*%<!TLL!!=;($TYN!f!TYO!PB<!TUOV>!J#%-(/!034WM!

ν3-?!h!KLSL!J7*M/!WXWK/!WSLT/!WONY/!WNXN/!WKKO/!WTSW/!WTNX/!WTLO/!WWTW/!_KS/!XXS<!!W$G=>!

JNLL!ECU/!ZE9\43SM!g!WT<SS!J&/!WCM/!Y<SY!J&/!WCM/!Y<KK!J../!=!h!Y<T/!W<K!CU/!WCM/!Y<TO!J../!=!

h!X<X/!W<N!CU/!WCM/!X<OS!f!X<OT!J3/!WCM/!K<OS!J&/!NCM<!!D7$G=>!JWLW!ECU/!ZE9\M!g!WXY<T/!

WSO<X/! WNO<_/! WKX<O/! WKX<W/! WTX<L/! WTS<K/! WTO<W/! WWT<X/! WLY<T<! W>O=A! JD9RM! 0-$0.! 2'*!

BWLCOI*]\K!sE!t!Cut!TSO<_NOY/!2'6#.!TSO<_NSS<!

!

COY*2,2O"O8F4*2'F\5+-20+-)$HAXI$

Y4I*'3'4N4)8.*'?8;6,#'$,#%$ AX! +-&! &8#()%&,U%.! -00'*.,#5! ('! -! 1*%>,'6&$8!

*%1'*(%.! $,(%*-(6*%! 1*'0%.6*%<W__!AQ! +-&! *%2$6?%.! ,#! WLc!]-\C! &'$6(,'#! 2'*! T! )!

6#(,$!()%!&'$6(,'#!7%0-3%!0$%-*<!=)%!&'$6(,'#!+-&!0''$%.!('!*''3!(%31%*-(6*%!-#.!

-0,.,2,%.!+,()!W!E!CB$!&'$6(,'#<!=)%!1*%0,1,(-(%!+-&!0'$$%0(%./!+-&)%.!+,()!CT\!-#.!.*,%.!-(!

()%! ),5)! >-0663! '>%*#,5)(<! =)%! &67&%;6%#(! .%0-*7'?8$-(,'#! +-&! 0-**,%.! '6(! 78! *%2$6?,#5!

%()%*! JT_L! PBM! ()%! 0*6.%!0-*7'?8$,0!-0,.! ,#(%*3%.,-(%! ,#!.,1)%#8$! %()%*! JOL!3GM!6&,#5!-! (,#!
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Br
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!

!

7-()! 6#(,$! #'! 5-&! 2'*3-(,'#!+-&! '7&%*>%.! -#83'*%<! H2(%*! 0''$,#5! ('! *''3! (%31%*-(6*%/! -#!

%;6-$!>'$63%!'2!1%(*'$%63!%()%*!JOL!3GM!+-&!-..%.<!=)%!+),(%!1*%0,1,(-(%!+-&!0'$$%0(%.!78!

>-0663!2,$(*-(,'#!-#.!+-&)%.!+,()!-..,(,'#-$!1%(*'$%63!%()%*!JT!?!OL!3GM<!=)%!1*'.60(!+-&!

6&%.!,#!()%!#%?(!&(%1!+,()'6(!26*()%*!16*,2,0-(,'#<!

!

=)%!&1%0(*-$!.-(-!+-&!,#!-5*%%3%#(!+,()!$,(%*-(6*%<TLL!!=;(;!WOX!f!WOY!PB<!TUOV>!J#%-(/!034WM!

ν3-?!h!KNKK! J7*M/!T__S! J7*M/!WXXL/!WXO_/!WSTW/!WO_Y/!WOOX/!WOLN/!WNT_/!WKYN/!WTNS/!WTWK/!

WW_Y/!WWLS/!WLOX/!YTK/!XY_/!XNK<!!W$G=>! JNLL!ECU/!3%()-#'$43NM!g!Y<TO!J../!=!h!Y<T/!W<K!

CU/!WCM/!X<_Y! J../!=!h!X<S/!W<O!CU/!TCM/!X<KX!f!X<TS! J3/!WCM/!S<KS! J./!=!h!X<N!CU/!WCM<! !D7$

G=>! JWLW! ECU/! 3%()-#'$43NM! g! WYL<N/! WNW<_/! WK_<T/! WKX<W/! WTY<T/! WTS<T/! WTO<X/! WWT<_/!

WWL<O/!N_<L<!W>O=A!JD9RM!0-$0.!2'*!B_CXI*]\!sE!t!Cut!TTK<_XLX/!2'6#.!TTK<_XLO<!

!

COY*2,2O"O3802*2\5+-20+-)$HA#I$

Y4I*'3'4N4)8.*'?8;6,#'$,#%$ A#! +-&! &8#()%&,U%.! -00'*.,#5! ('! -! 1*%>,'6&$8!

*%1'*(%.! $,(%*-(6*%! 1*'0%.6*%<W__! Y4I*'3'4N4)8.*'?8;6,#'$,#%! AX! JOLL! 35/! T<T!

33'$/! W<L! %;6,>M! +-&! *%2$6?%.! ,#! N<O! 3G! '2! `\B$K! 2'*! K! )! -(! WTL! PB<! =)%!

1)'&1)'*6&!'?80)$'*,.%!+-&!*%3'>%.!6#.%*! *%.60%.!1*%&&6*%!-#.! ()%! *%&,.6%!+-&!1'6*%.!

'#('!,0%!+-(%*<!=)%!3,?(6*%!+-&!7-&,2,%.!+,()!]CN\C!-#.!%?(*-0(%.!+,()!BCTB$T!JT!?!WOL!3GM<!

=)%!'*5-#,0!$-8%*&!+%*%!0'37,#%./!+-&)%.!+,()!7*,#%!-#.!.*,%.!'>%*!]-T9\N<!=)%!0*6.%!+-&!

*%0*8&(-$$,U%.!2*'3!D(\C!('!8,%$.!()%!.%&,*%.!1*'.60(!-&!-!0'$'*$%&&!&'$,.!JN_X!35/!T<W!33'$/!

_T!cM<!

$

=)%!&1%0(*-$!.-(-!+-&!,#!-5*%%3%#(!+,()! $,(%*-(6*%<TLL!=;(;!WKK!f!WKN!PB<!TUOV>! J#%-(/!034WM!

ν3-?!h!WLSN/!WOYN/!WNYK/!WNOT/!WKXW/!WTYT/!WW_K/!WLXX/!YNO/!YLN/!XOT/!XKW<!!W$G=>! JNLL!

ECU/!BZB$KM!g!Y<_T!J./!=!h!N<X!CU/!WCM/!Y<TO!J../!=!h!Y<O/!W<K!CU/!WCM/!Y<WK!J../!=!h!X<O/!W<K!

CU/!WCM/!X<OY!J./!=!h!N<X!CU/!WCM/!X<OW!J../!=!h!Y<N/!X<O!CU/!WCM<!!D7$G=>!JWLW!ECU/!BZB$KM!g!

WOL<X/! WNS<K/! WNK<K/! WKN<N/! WTY<W/! WTY<L/! WTO<N/! WTN<N/! WTT<T<! W>O=A! JD9RM! 0-$0.! 2'*!

B_CSI*B$]!sE!t!Cut!TNW<_KSX/!2'6#.!TNW<_KS_<!

! !

N

Cl

Br
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!

COY*2,2O"O?052*2\5+-20+-)$H!CRI$

Y4I*'3'4N4)8.*'?8;6,#'$,#%$ AX! +-&! &8#()%&,U%.! -00'*.,#5! ('! -! 1*%>,'6&$8!

*%1'*(%.! $,(%*-(6*%! 1*'0%.6*%<TLW!='! -!3,?(6*%! '2! T47*'3'4O42$6'*'-#,$,#%! JW<N! 5/!

X<N!33'$/!W!%;6,>M/!K4#,(*'7%#U%#%!&6$2'#,0!-0,.!&'.,63!&-$(!JT<S!5/!WW<O!33'$/!

W<S!%;6,>M!-#.!5$80%*'$!JW<N!5/!WO<T!33'$/!T!%;6,>M!+-&!-..%.!.*'1+,&%!-;6%'6&!

&6$26*,0! -0,.! JXL!c/! O!3GM<! =)%!3,?(6*%! +-&! )%-(%.! ('! WNO! PB! 2'*! WS! )<! =)%!3,?(6*%! +-&!

0''$%.!('!*''3!(%31%*-(6*%/!1'6*%.!'#('!,0%!+-(%*!-#.!2,$(%*%.!()*'65)!0%$,(%<!=)%!2,$(*-(%!+-&!

#%6(*-$,U%.!+,()!]-\C!-#.!%?(*-0(%.!+,()!BCTB$T! ()*%%!(,3%&<!=)%!0'37,#%.!'*5-#,0! $-8%*&!

+%*%! .*,%.! '>%*! ]-T9\N! -#.! 0'#0%#(*-(%.! 6#.%*! *%.60%.! 1*%&&6*%<! =)%! 0*6.%! *%-0(,'#!

3,?(6*%!+-&!16*,2,%.!78!2$-&)!0'$63#!0)*'3-('5*-1)8!J%$6%#(!W!c!E%\C!,#!BCTB$TM!('!8,%$.!

()%!.%&,*%.!1*'.60(!!CR!-&!-!0'$'*$%&&!0*8&(-$$,#%!&'$,.!JW<KO!5/!S!33'$M!,#!YW!c!8,%$.<!

!

=)%!&1%0(*-$!.-(-!+-&!,#!-5*%%3%#(!+,()!$,(%*-(6*%<TLW!=;(;!XS!f!XX!PB<!TUOV>!J#%-(/!034WM!ν3-?!

h!T__O/!WXXL/!WXO_/!WSTT/!WO_N/!WNSL/!WK_N/!WKYK/!WTOL/!WTWS/!WWNT/!WLOS/!WLTL/!_KX/!YTL/!

YLN/!XXT/!STT<!!W$G=>!JNLL!ECU/!BZB$KM!g!_<WL!J../!=!h!N<T/!W<X!CU/!WCM/!Y<NS!J../!=!h!Y<N/!

W<X!CU/!WCM/!X<__!J../!=!h!Y<K/!O<O!CU/!WCM/!X<OO!J../!=!h!Y<N/!N<K!CU/!WCM/!X<WN!J../!=!h!_<W/!

Y<N!CU/!WCM<!!D7$G=>!JWLW!ECU/!B)$'*'2'*343M!g!WOX<OW!J./!=!h!TOS<N!CUM/!WOT<TL/!WNO<S_!

J./!=!h!K<T!CUM/!WKT<KN!J./!=!h!Y<O!CUM/!WKL<WT!J./!=!h!N<X!CUM/!WTT<WO!J./!=!h!K<L!CUM/!WTL<OT!

J./! =! h! WX<W!CUM/! WW_<KL! J./! =! h! N<S! CUM/! WWW<WT! J./! =! h! TL<Y!CUM<!W>O=A! JD9RM! 0-$0.! 2'*!

B_CSI*A]!sE!t!Cut!TTO<_SST/!2'6#.!TTO<_SSO<!

!

!

! !

N
Br

F



!"#$%&'()(−((*+$&',-&.%#/(0'12&34'&5(#.3(!"#'#2%&',6#%,1.(7#%#(8!X#$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%(

!

!

#;@;Q$ AF-.8)6+6$2?$12./66+5,/3F0.*+?052*2[2*/.)6$

`'(-&&,63! S47*'3'#,0'(,#'8$(*,2$6'*'7'*-(%! J"CM/WX_! 1'(-&&,63! T4

,&'#,0'(,#'8$(*,2$6'*'7'*-(%! J!!XM/WX_!1'(-&&,63!N4-#,&'8$(*,2$6'*'7'*-(%! J!!KM/WX_!1'(-&&,63!N4

08-#'7%#U'8$(*,2$6'*'7'*-(%$ H!@RI]WX_! 1'(-&&,63! N42$6'*'7%#U'8$(*,2$6'*'7'*-(%$ J!@!M/WYL!

1'(-&&,63! #'#-#'8$(*,2$6'*'7'*-(%! J!@@M/ TLT !1'(-&&,63! O4)8.*'?81%#(-#'8$(*,2$6'*'7'*-(%!

J!@@M/TLT! 1'(-&&,63! #,0'(,#'8$(*,2$6'*'7'*-(%! J!@QM/WX_! 1'(-&&,63! T40)$'*',&'#,0'(,#'8$4

(*,2$6'*'7'*-(%! J!@XMWX_! -#.! 1'(-&&,63! S40)$'*'4T4,&'#,0'(,#'8$(*,2$6'*'7'*-(%$ J!D"MWX_! +%*%!

1*%1-*%.! -00'*.,#5! ('! 1*%>,'6&$8! %&(-7$,&)%.! 1*'0%.6*%&! 78! ()%! I\ZD! 5*'61<! F$80,#%! -#.!

-$-#,#%4.%*,>%.!QH=&!!X#!-#.!!XC!+%*%!:,#.$8!1*'>,.%.!78!x"E`DR!=HF"BCR!,#!0'$$-7'*-(,'#!

+,()! ()%! R=\!5*'61<! JS4JT4)8*.'?81)%#8$M4T418*,.8$!QH=! J!XKM!+-&!&8#()%&,U%.!-#.!1*'>,.%.!

78!nR4BC"]F!ZjD]F< 

!

<)-)*/0$1*23)45*)$"ES$AF-.8)6+6$2?$1F*+4F0$E3F0.*+?052*2[2*/.)6$^+.825.$1*)OJ+.8+/.+2-$$

!

!
!

`'(-&&,63!-08$(*,2$6'*'7'*-(%&!JQH=&M!+%*%!&8#()%&,U%.!-00'*.,#5!('!-!&$,5)(!3'.,2,0-(,'#!'2!

-! 1*%>,'6&$8! *%1'*(%.! 1*'0%.6*%! 78! ()%!I'.%! 5*'61<WX_! H! 2$-3%4.*,%./! WL!3G! *'6#.47'(('3!

2$-&:! %;6,11%.! +,()! 3-5#%(,0! &(,*! 7-*! -#.! &%1(63! 6#.%*! ,#%*(! #,(*'5%#! -(3'&1)%*%! +-&!

0)-*5%.! +,()! 18*,.8$! 7*'3,.%$ JW<LY! 33'$/! W<LL! %;6,>M/! J%()8$(),'4(*,2$6'*'7'*-(%M43%()-#%!

.,3%()8$,3,#,63!"@!JL<TLL!5/!W<LY!33'$/!W<LL!%;6,>M!-#.!-!3,?(6*%!'2!-#)8.*'6&!('$6%#%o=CA!

JN^W/!N!3GM<!=)%!3,?(6*%!+-&!0''$%.! ('! 4XY! PB! ,#!-!.*8! ,0%o-0%('#%!7-()!-#.!.@76(8$$,(),63!

JW<S!E! ,#! )%?-#%&/! SXO! wG/! W<LY!33'$/! W<LL! %;6,>M! +-&! -..%.! .*'1+,&%! '>%*! KL!3,#! >,-!

&8*,#5%!1631<!H2(%*!()%!3,?(6*%!+-&!&(,**%.!2'*!T!)!-(!4XY!PB/!()%!*%&,.6-$!.476(8$$,(),63!+-&!

;6%#0)%.! +,()! -0%('#%! JYL! wG/! W<LY!33'$/! W<LL! %;6,>M<! =%#!3,#6(%&! -2(%*! ()%! -..,(,'#! '2!

-0%('#%/!-#!-;6%'6&!QA!&'$6(,'#!JS<O!E/!L<O!3G/!K<TN!33'$/!K<LL!%;6,>M!+-&!-..%.!-(!4XY!

PB<!=)%!2$-&:!+-&!*%3'>%.!2*'3!()%!.*8!,0%o-0%('#%!7-()!-#.!()%!3,?(6*%!+-&!&(,**%.!2'*!W!)!

-(!*''3!(%31%*-(6*%<!='!()%!*%&6$(,#5!)%(%*'5%#%'6&!3,?(6*%!+-&!-..%.!BCTB$T!JO!3GM<!=)%!

3,?(6*%!+-&! 2,$(%*%.!-#.!+-&)%.!+,()!-..,(,'#-$!BCTB$T! JK?TL!3GM!-#.!-0%('#%! JT?WL!3GM<!

=)%!*%3-,#,#5!2,$(%*!0-:%!+-&!+-&)%.!+,()!ZEA!JOL!3GM!6#(,$!()%!2,$(*-(%!+-&!0'$'*$%&&<!=)%!

NMe2N

SEt

BF3

1. n-BuLi, THF, -78 °C, 2 h

3. acetone
4. aq. KF

N Br
O

BF3KR R

42



168│ Chapter 7 -  Experimental Procedures and Characterization Data 
___________________________________________________________________________________________ 

 

DMF was removed under reduced pressure at 50 – 60 °C to yield the desired KAT as a 

colorless or yellow solid. 

 

General Procedure 4B: Synthesis of Pyridyl Acyltrifluoroborates via Pre-Lithiation  
 

 
 

A flame-dried, 10-mL round-bottom flask equipped with magnetic stir bar and septum 

under inert nitrogen atmosphere was charged with pyridyl bromide (1.08 mmol, 1.00 equiv) 

and a mixture of anhydrous toluene/THF (4:1, 4 mL). The mixture was cooled to -78 °C in a 

dry ice/acetone bath and n-butyllithium (1.6 M in hexanes, 675 μL, 1.08 mmol, 1.00 equiv) 

was added dropwise over 30 min via syringe pump. After the mixture was stirred for one h at -

78 °C, a solution of (ethylthio-trifluoroborate)-methane dimethyliminium 42 (200 mg, 1.08 

mmol, 1.00 equiv) in anhydrous THF (1.0 mL) was added dropwise over 30 min via syringe 

pump. After the mixture was stirred for 2 h at -78 °C, the residual n-butyllithium was 

quenched with acetone (80 μL, 1.08 mmol, 1.00 equiv). Ten minutes after the addition of 

acetone, an aqueous KF solution (6.5 M, 0.5 mL, 3.24 mmol, 3.00 equiv) was added at -78 

°C. The flask was removed from the dry ice/acetone bath and the mixture was stirred for 1 h 

at room temperature. To the resulting heterogeneous mixture was added CH2Cl2 (5 mL). The 

mixture was filtered and washed with additional CH2Cl2 (3x20 mL) and acetone (2x10 mL). 

The remaining filter cake was washed with DMF (50 mL) until the filtrate was colorless. The 

DMF was removed under reduced pressure at 50 – 60 °C to yield the desired KAT as 

colorless or yellow solid. 

 

Potassium 4-methoxy-2-isonicotinoyltrifluoroborate (127) 

Prepared from 2-bromo-4-methoxypyridine (203 mg) by general procedure 

4B and isolated as yellow solid (150 mg, 0.62 mmol) in 57% yield. 

 

M.p. decomposition >170 °C. IR (neat, cm-1) nmax = 1660, 1584, 1565, 1481, 

1468, 1301, 1285, 1200, 1174, 1098, 1071, 1033, 1003, 946, 801, 754, 627. 1H-NMR (500 
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MHz, DMSO-d6): 8.41 (dd, J = 5.6, 0.5 Hz, 1H), 7.37 (d, J = 2.7 Hz, 1H), 6.98 (dd, J = 5.6, 2.7 

Hz, 1H), 3.82 (s, 3H). 13C-NMR (150 MHz, DMSO-d6): δ 234.9 − 231.5 (brs), 165.7, 159.6 

(brs), 150.3, 110.7, 108.8 (q, J = 2.5 Hz), 55.3. 19F-NMR (470 MHz, DMSO-d6): δ -142.6 (q, J 

= 94.7, 38.4 Hz). 11B-NMR (160 MHz, DMSO-d6): δ -1.23 (q, 49.2, 43.0 Hz). HR-MS (ESI) 

calcd for C7H6BF3NO2 [M − K]− 204.0450, found 204.0445. 

 

Potassium 4-methyl-2-isonicotinoyltrifluoroborate (128) 

Prepared from 2-bromo-4-methylpyridine (186 mg) by general procedure 4A 

and isolated as yellow solid (154 mg, 0.68 mmol) in 63% yield. 

 

M.p. decomposition >170 °C. IR (neat, cm-1) nmax = 2915, 2981, 1661, 1597, 

1085, 1037, 1037, 997, 935, 828, 806, 756, 685, 630. 1H-NMR (500 MHz, DMSO-d6): δ 8.43 

(d, J = 4.7 Hz, 1H), 7.67 (s, 1H), 7.21 (d, J = 4.6 Hz, 1H), 2.34 (s, 3H). 13C-NMR (150 MHz, 

DMSO-d6): δ 235.7 − 232.1 (brs), 157.7 (brs), 148.7, 146.9, 125.6, 123.5, 20.6. 19F-NMR (470 

MHz, DMSO-d6): δ -142.5 − -142.6 (m). 11B-NMR (160 MHz, DMSO-d6): δ -1.19 (q, J = 49.7, 

42.5 Hz). HR-MS (ESI) calcd for C7H6BF3NO [M − K]− 188.0501, found 188.0498. 

 

Potassium 4-chloro-2-isonicotinoyltrifluoroborate (129) 

Prepared from 2-bromo-4-chloropyridine (208 mg) by general procedure 4A 

and isolated as yellow solid (182 mg, 0.73 mmol) in 68% yield 

 

M.p. decomposition >175 °C. IR (neat, cm-1) nmax = 2988, 2902, 1658, 1567, 

1551, 1227, 1075, 1037, 1000, 917, 837, 747, 697, 686, 628. 1H-NMR (600 MHz, DMSO-d6): 

δ 8.60 (dd, J = 5.2, 0.6 Hz, 1H), 7.85 (d, J = 2.0 Hz, 1H), 7.58 (dd, J = 5.2, 2.2 Hz, 1H). 13C-

NMR (150 MHz, DMSO-d6): δ 234.3 − 230.0 (brs), 159.1 (brs), 150.7, 143.3, 124.9, 122.8 (q, 

J = 2.9 Hz). 19F-NMR (470 MHz, DMSO-d6): δ -142.9 (q, J = 55.5, 36.5 Hz). 11B-NMR (160 

MHz, DMSO-d6): δ -1.28 (q, J = 47.9, 45.7 Hz). HR-MS (ESI) calcd for C6H3BClF3NO [M − K]− 

207.9955, found 207.9956. 
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Potassium 4-fluoro-2-isonicotinoyltrifluoroborate (130) 

Prepared from 2-bromo-4-fluoropyridine (190 mg) by a slight modification of 

general procedure 4B. After general procedure 1 was applied, the isolated 

pale yellow solid was resuspended in THF and a solution of concentrated 

aqueous KHF2 (0.5 mL) was added. The mixture was stirred for 2 h at room 

temperature. The solvents were removed under reduced pressure and the water residue was 

lyophilized. The crude material was washed with DMF (3 x 10 mL). The combined DMF 

filtrates were evaporated to dryness under reduced pressure at 50 – 60 °C to yield the 

desired product as yellow solid (130 mg, 0.56 mmol, 52 %). 

 

M.p. decomposition >180 °C. IR (neat, cm-1) nmax = 1662, 1577, 1178, 1033, 997, 953, 822, 

752, 630. 1H-NMR (500 MHz, DMSO-d6): δ 8.64 (dd, J = 8.8, 5.5 Hz, 1H), 7.58 (dd, J = 10.1, 

2.6 Hz, 1H), 7.34 (ddd, J = 8.8, 5.5, 2.7 Hz, 1H). 13C-NMR (150 MHz, DMSO-d6): δ 234.0 − 

230.2 (m), 168.5 (d, J = 260.2 Hz), 161.4, 151.8 (d, J = 5.9 Hz), 112.4 (d, J = 16.0 Hz), 109.8 

(dq, J = 15.8, 2.8 Hz). 19F-NMR (470 MHz, DMSO-d6): δ -103.8 (s, 1F), -142.8 (q, J = 53.8, 

44.6 Hz, 3F). 11B-NMR (160 MHz, DMSO-d6): δ -1.29 (q, J = 51.1, 50.5 Hz). HR-MS (ESI) 

calcd for C6H3BF4NO [M − K]− 192.0250, found 192.0253. 

 

Potassium 5-methoxy-2-isonicotinoyltrifluoroborate (131) 

Prepared from 2-bromo-5-methoxypyridine (203 mg) the general 

procedure 4B and isolated as yellow solid (155 mg, 0.64 mmol) in 59% 

yield 

 

M.p. decomposition >160 °C. IR (neat, cm-1) nmax = 3467, 1649, 1579, 1255, 1092, 1027, 987, 

893, 757, 713, 674, 599. 1H-NMR (600 MHz, DMSO-d6): δ 8.30 (d, J = 2.8 Hz, 1H), 7.94 (d, J 

= 8.6 Hz, 1H), 7.42 (dd, J = 8.6, 2.9 Hz, 1H), 3.86 (s, 2H). 13C-NMR (150 MHz, DMSO-d6): δ 

232.9 – 230.0 (m), 156.2, 150.8 (brs), 137.04, 124.7 (q, J = 2.7 Hz), 119.4, 55.6. 19F-NMR 

(470 MHz, DMSO-d6): δ -142.3 − -142.4 (m). 11B-NMR (160 MHz, DMSO-d6): δ -1.10 (brs). 

HR-MS (ESI) calcd for C7H6BF3NO2 [M − K]− 204.0450, found 204.0452. 
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Potassium 6-methoxy-2-isonicotinoyltrifluoroborate (132) 

Prepared from 2-bromo-6-methoxypyridine (203 mg) the general 

procedure 4B and isolated as yellow solid (121 mg, 0.50 mmol) in 46% 

yield. 

 

M.p. 176-177 °C. IR (neat, cm-1) nmax = 1651, 1576, 1462, 1434, 1292, 1008, 910, 824, 804, 

740, 633. 1H-NMR (600 MHz, DMSO-d6): δ 7.77 (dd, J = 8.2, 7.2 Hz, 1H), 7.62 (d, J = 7.2 Hz, 

1H), 6.84 (dd, J = 8.2, 0.8 Hz, 1H), 3.85 (s, 2H). 13C-NMR (150 MHz, DMSO-d6): δ 234.9 – 

231.4 (m), 162.9, 155.4 (brs), 139.2, 118.0 (q, J = 3.1 Hz), 112.2, 52.8. 19F-NMR (470 MHz, 

DMSO-d6): δ -142.4 – -142.6 (m). 11B-NMR (160 MHz, DMSO-d6): δ -1.23 (q, J = 52.3, 46.8 

Hz). HR-MS (ESI) calcd for C7H6BF3NO2 [M − K]− 204.0450, found 204.0451. 

 

Potassium 5-chloro-2-isonicotinoyltrifluoroborate (133) 

Prepared from 2-bromo-5-chloropyridine (208 mg) the general procedure 

4A and isolated as yellow solid (166 mg, 0.67 mmol) in 62% yield 

 

M.p. decomposition >180 °C. IR (neat, cm-1) nmax = 1659, 1568, 1097, 1038, 998, 891, 668, 

644, 570. 1H-NMR (500 MHz, DMSO-d6): δ 8.63 (dd, J = 2.5, 0.7 Hz, 1H), 7.98 (dd, J = 8.4, 

2.5 Hz, 1H), 7.88 (d, J = 8.4 Hz, 1H). 13C-NMR (150 MHz, DMSO-d6): δ 234.2 – 230.4 (m), 

156.0 (brs), 147.5, 136.1, 132.0, 124.2 (q, J = 2.8 Hz). 19F-NMR (470 MHz, DMSO-d6): δ -

142.9 (dd, J = 99.8, 45.3 Hz). 11B-NMR (160 MHz, DMSO-d6): δ -1.25 (q, J = 49.2, 42.4 Hz). 

HR-MS (ESI) calcd for C6H3BClF3NO [M − K]− 207.9955, found 207.9953. 

 

Potassium 5-fluoro-2-isonicotinoyltrifluoroborate (135)  

Prepared from 2-bromo-5-fluoropyridine (190 mg) the general procedure 

4B and isolated as pale yellow solid (228 mg, 0.68 mmol) in 91% yield. 

 

M.p. decomposition >180 °C. IR (neat, cm-1) nmax = 1657, 1587, 1578, 1476, 1291, 1220, 

1126, 1078, 1039, 1020, 997, 925, 882, 843, 762, 664. 1H-NMR (600 MHz, DMSO-d6): δ 8.56 

(dt, J = 2.9 Hz, 0.5 Hz, 1H), 7.96 (dd, J = 8.7 Hz, 4.9 Hz, 1H), 7.75 (td, J = 8.8 Hz, 2.9 Hz, 

1H). 13C-NMR (150 MHz, DMSO-d6): δ 233.3 – 229.5 (m), 159.5 (d, J = 257.2 Hz), 154.5, 

137.1 (d, J = 23.2 Hz), 124.8 (dd, J = 4.7, 2.4 Hz), 123.0 (d, J = 18.0 Hz). 19F-NMR (470 MHz, 
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g! 4W<LW! J;/! =! h! OL<S! CUM<! W>O=A! JD9RM! 0-$0y.! 2'*! BSCKIAN]\! sE! p! Qup! W_T<LTOL/! 2'6#.!

W_T<LTON<!

!

!

!

!

N
BF3K

O
F

N

O

BF3K

F



!"#$%&'()(−((*+$&',-&.%#/(0'12&34'&5(#.3(!"#'#2%&',6#%,1.(7#%#(8!#D$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%(

!

!

12./66+5,$H@O.8+/920F0I,).8/-2-).*+?052*2[2*/.)$H!XCI$

`*%1-*%.! 2*'3! T47*'3'(),'1)%#%! JTSL! 35M! ()%! 5%#%*-$! 1*'0%.6*%! NH! -#.!

,&'$-(%.!-&!-!1-$%!7*'+#!&'$,.!J_L!35/!L<NW!33'$M!,#!KYc!8,%$.<!!

$

=;(;!.%0'31'&,(,'#!vTNL!PB<!TUOV>!J#%-(/!034WM!ν3-?!h!WSN_/!WNYL/!WKYY/!WTNW/!WWOO/!WLXO/!

WLLT/!YYS/!YWY/!XOT/!XKK/!XLX/!SKO/!SLX<!!W$G=>$HSLL!ECU/!ZE9\43SM!g!X<_S!J./!=!h!K<L!CU/!

WCM/!X<YO!J./!=!h!K<L!CU/!WCM<!!D7$G=>!JWOL!ECU/!ZE9\43SM!g!TWK<K!f!TLS<L!J7*&M/!WNN<TT/!

WTK<XS/!K_<OT<! !KT$G=>! JNXL!ECU/!ZE9\43SM!g! 4WNN<TY! J../!=!h!_O<K/!NO<T!CUM<! !!Y$G=>!

JWSL!ECU/!ZE9\43SM!g!4W<NL!J;/!=!h!NY<X!CUM<!W>O=A!JD9RM!0-$0.!2'*!BNCKIAK]T9!sE!p!Qup!

WX_<LLSY/!2'6#.!WX_<LLSW<!

!

12./66+5,$H+62\5+-20+-)OCOF0I,).8/-2-).*+?052*2[2*/.)$H!#DI$

`*%1-*%.! 2*'3! Y47*'3',&';6,#'$,#%! JTTO! 35M! 78! 5%#%*-$! 1*'0%.6*%! NH! -#.!

,&'$-(%.!-&!-!1-$%!7*'+#!&'$,.!JKN!35/!L<WK!33'$M!,#!WTc!8,%$.<!!

$

=;(;!.%0'31'&,(,'#!vWYS!PB<!TUOV>!J#%-(/!034WM!ν3-?!h!WSTL/!WO_S/!WN_L/!WNNW/!WKYN/!WTWT/!

WWXT/!WWK_/!WLLT/!_LL/!YNK/!YLN/!XYL/!XOS/!XWK/!STL<!!W$G=>!JOLL!ECU/!ZE9\43SM!g!_<XL!

J&/!WCM/!Y<NS!J./!=!h!O<S!CU/!WCM/!Y<L_!J./!=!h!X<W!CU/!WCM/!X<_S!J.(/!=!h!Y<N/!W<W!CU/!WCM/!X<YW!

J../!=!h!O<S/!W<L!CU/!WCM/!X<XY! J../!=!h!Y<T/!X<W!CU/!WCM<! !D7$G=>! JWOW!ECU/!ZE9\43SM!g!

WOL<XN/!WNT<TK/!WNW<YW/!WKO<K_/!WT_<OS/!WTY<XS/!WTY<LK/!WTN<OX/!WTL<OW/! ,1&'40-*7'#!0'6$.!

#'(!7%!.%(%0(%.<!!KT$G=>!JNXL!ECU/!ZE9\43SM!g!4WNK<LO!J../!=!h!WLL<O/!NN<N!CUM<!!!Y$G=>!

JWSL!ECU/!ZE9\43SM!g!4W<KY!J;/!=!h!OK<X/!OT<N!CUM<!W>O=A!JD9RM!0-$0.!2'*!BWLCSIAK]\!sE!p!

Qup!TTN<LOLT/!2'6#.!TTN<LN_X<!

$ $

N

S
O

BF3K

N

O BF3K



!#"8(!"#$%&'()(−((*+$&',-&.%#/(0'12&34'&5(#.3(!"#'#2%&',6#%,1.(7#%#(
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;(

!

<)-)*/0$1*23)45*)$QS$AF-.8)6+6$2?$CO_5+-20+-)$E3F0.*+?052*2[2*/.)6$

H!2$-3%4.*,%./!OL43G!*'6#.47'(('3!2$-&:!%;6,11%.!+,()!3-5#%(,0!&(,*!7-*!-#.!&%1(63!6#.%*!

,#%*(!]T4-(3'&1)%*%/!+-&!0)-*5%.!+,()!-#.!-#)8.*'6&!=CAo('$6%#%!JN^W/!WT!3GM<!=)%!3,?(6*%!

+-&!0''$%.!('!4XY!PB!,#!-!.*8!,0%o-0%('#%!7-()!-#.!.@76(8$$,(),63!JW<S!E!,#!)%?-#%&/!SXO!wG/!

W<LY!33'$/!W<LL!%;6,>M!+-&!-..%.!.*'1+,&%!'>%*!KL!3,#!>,-!&8*,#5%!1631<!H2(%*!()%!3,?(6*%!

+-&!&(,**%.!2'*!W!)!-(!4XY!PB/!-!&'$6(,'#!'2!J%()8$(),'4(*,2$6'*'7'*-(%M43%()-#%!.,3%()8$,3,#,63!

"@!JL<TLL!5/!W<LY!33'$/!W<LL!%;6,>M! ,#!-#)8.*'6&!=CA!JW!3GM!+-&!-..%.!.*'1+,&%!'>%*!KL!

3,#! >,-! &8*,#5%! 1631<! H2(%*! ()%! 3,?(6*%! +-&! &(,**%.! 2'*! _S! )! -(! 4XY! PB/! ()%! *%&,.6-$! .4

76(8$$,(),63! +-&! ;6%#0)%.! +,()! -0%('#%! JYL! wG/! W<LY!33'$/! W<LL! %;6,>M<! WL!3,#! -2(%*! ()%!

-..,(,'#! '2! -0%('#%/! -#! -;6%'6&! QA! &'$6(,'#! JS<O!E/! L<O!3G/! K<TN!33'$/! K<LL! %;6,>M! +-&!

-..%.!-(!4XY!PB<!=)%!2$-&:!+-&!*%3'>%.!2*'3!()%!.*8!,0%o-0%('#%!7-()!-#.!()%!3,?(6*%!+-&!

&(,**%.! 2'*!T!)!-(! *''3! (%31%*-(6*%<!='! ()%! *%&6$(,#5!)%(%*'5%#%'6&!3,?(6*%!BCTB$T! JO!3GM!

+-&! -..%.<! =)%!3,?(6*%! +-&! 2,$(%*%.! -#.! +-&)%.! +,()! -..,(,'#-$! BCTB$T! JK! ?! TL!3GM! -#.!

-0%('#%!JK!?!O!3GM<!=)%!*%3-,#,#5!2,$(%*!0-:%!+-&!+-&)%.!+,()!ZEA!JOL!3GM!6#(,$!()%!2,$(*-(%!

+-&! 0'$'*$%&&<! =)%! ZEA! +-&! *%3'>%.! 6#.%*! *%.60%.! 1*%&&6*%! -(!!

OL!f!SL!PB!('!8,%$.!()%!.%&,*%.!QH=<!!

$

12./66+5,$H\5+-20+-)OCOF0I,).8/-2-).*+?052*2[2*/.)$H!#!I$

`*%1-*%.!2*'3!Y47*'3';6,#'$,#%!JTTO!35M!78!5%#%*-$!1*'0%.6*%!O!-#.!,&'$-(%.!

-&!-!8%$$'+!&'$,.!JWWW!35/!L<NT!33'$M!,#!K_c!8,%$.<!!

$

=;(;!.%0'31'&,(,'#!vW_L!PB<!TUOV>!J#%-(/!034WM!ν3-?!h!WXXL/!WXO_/!WSNS/!WO_Y/!WOSY/!WN_K/!

WKYK/! WTNX/! WWTS/! WWLT/! WLSW/! WLWT/! WLLK/! _YS/! _TL/! Y_L/! YKL/! YWK/! X_W/! XXW/! XSK/! XLS/!

SNL/!SWT<!!W$G=>!JSLL!ECU/!ZE9\43SM!g!Y<YL!J../!=!h!N<W/!W<_!CU/!WCM/!Y<KL!J../!=!h!Y<K/!

W<_!CU/!WCM/!X<YS!J../!=!h!S<O/!K<T!CU/!WCM/!X<ON!f!X<OW!J3/!TCM/!X<NS!J../!=!h!Y<T/!N<W!CU/!WCM<!
!D7$ G=>! JWOL! ECU/! ZE9\43SM! g! TNK<N! f! TK_<O! J7*&M/! WN_<S/! WNX<W/! WNN<_/! WKO<X/! WTX<Y/!

WTX<K/! WTO<S/! WTO<N/! WTL<_<! !KT$ G=>! JNXL!ECU/!ZE9\43<M^! 4WNN<Y!f! 4WNO<L! J3M<! !!Y$ G=>!

JWSL!ECU/!ZE9\43<M^!g!4W<OS!J;/!=!h!ON<N/!OK<_!CUM<!W>O=A!JD9RM!0-$0.!2'*!BWLCSIAK]\!sE!p!

Qup!TTN<LOLT/!2'6#.!TTN<LOLO<!!

!

!

!

!

!

N

O BF3K



!"#$%&'()(−((*+$&',-&.%#/(0'12&34'&5(#.3(!"#'#2%&',6#%,1.(7#%#(8!#Q$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%(

!

!

12./66+5,$H"O,).82'F\5+-20+-)OCOF0I,).8/-2-).*+?052*2[2*/.)$H!#"I$

`*%1-*%.! 2*'3! Y47*'3';6,#'$,#%! JTOX! 35M! 78! ()%! 5%#%*-$! 1*'0%.6*%! O! -#.!

,&'$-(%.!-&!-!1-$%!7*'+#!&'$,.!J_Y!35/!L<KK!33'$M!,#!KWc!8,%$.<!!

!

=;(;! .%0'31'&,(,'#!vTTL! PB;$ TUOV>! J#%-(/! 034WM!ν3-?!h!WSNX/!WSWW/!WO_S/!

WOXL/!WOLT/!WNSN/!WNWW/!WKLY/!WTXS/!WTNX/!WTTW/!WTLO/!WWSL/!WWWW/!WLYW/!WLTO/!__T/!_TS/!

_LN/!YOS/!YWS/!XXL/!XOL/!XWS/!SXL/!SOT/!SWT<!!W$G=>!JSLL!ECU/!ZE9\43SM!g!Y<SK!J./!=!h!O<W!

CU/!WCM/!Y<LO!f!Y<LT!J3/!WCM/!X<NY!f!X<NO!J3/!TCM/!S<_S!J./!=!h!O<W!CU/!WCM/!N<LT!J&/!KCM<!!D7$

G=>!JWOL!ECU/!ZE9\43SM!g!TNT<_!f!TK_<W!J7*&M/!WSW<W/!WOL<O/!WNX<W/!WNO<XT/!WTO<O/!WTN<X/!

WTL<O/!WTL<N/!WLL<O/!OO<_<!!KT$G=>!JNXL!ECU/!ZE9\43<M^!4WNN<Y!f!4WNO<L!J3M<!!!Y$G=>!JWSL!

ECU/!ZE9\43<M^!g!4W<NX!f!4W<X_!J3M<!W>O=A!JD9RM!0-$0.!2'*!BWWCYIAK]\T!sE!p!Qup!TON<LSLY/!

2'6#.!TON<LSLS<!

!

12./66+5,$H"O3802*2\5+-20+-)OCOF0I,).8/-2-).*+?052*2[2*/.)$H!#QI$

`*%1-*%.! 2*'3!Y47*'3';6,#'$,#%! JTSL!35M!78!-! &$,5)(!3'.,2,0-(,'#!'2! 5%#%*-$!

1*'0%.6*%!O<!Z6%! ('! ,#&'$67,$,(8!'2! ()%!&(-*(,#5!3-(%*,-$! ,#! ('$6%#%/!-#)8.*'6&!

=CAo('$6%#%!JW^W/!WT!3GM!+-&!6&%.!-&!-!&'$>%#(!3,?(6*%!,#&(%-.!'2!-#)8.*'6&!

=CAo('$6%#%! JN^W/! WT! 3GM<! =)%! .%&,*%.! 1*'.60(! +-&! !#Q! ,&'$-(%.! -&! -! 1-$%!

7*'+#!&'$,.!JNY!35/!L<WS!33'$M!,#!WOc!8,%$.<!!

$

=;(;!.%0'31'&,(,'#!vTWL!PB<!TUOV>!J#%-(/!034WM!ν3-?!h!WSNY/!WSTW/!WO__/!WOSX/!WN_O/!WNL_/!

WK_O/!WTW_/!WWLS/!WLXT/!WLOL/!WLLL/!_YW/!YLO/!YOW/!YKO/!XYX/!XWT/!SNO/!STS/!OX_<!!W$G=>!

JOLL!ECU/!ZE9\43SM!g!Y<_W!J../!=!h!N<W/!W<X!CU/!WCM/!Y<OK!J../!=!h!Y<S/!W<X!CU/!WCM/!X<XK!J./!

=!h!X<X!CU/!WCM/!X<SN!J../!=!h!Y<S/!N<W!CU/!WCM/!X<OT!J../!=!h!X<X/!L<S!CU/!WCM<!!D7$G=>!JWOL!

ECU/!ZE9\M!g!TWO<Y!f!TLS<O!J7*&M/!WOL<O/!WNS<X/!WNO<S/!WKW<X/!WTY<_/!WTO<_/!WTO<O/!WTO<T/!

WTT<T<!!KT$G=>!JNXL!ECU/!ZE9\43<M^!4WNO<L!f!4WNO<T!J3M<!!!Y$G=>!JWSL!ECU/!ZE9\43<M^!g!

4W<OX!J../!=!h!_Y<_/!NL<Y!CUM<!W>O=A!JD9RM!0-$0.!2'*!BWLCOIB$AK]\!sE!p!Qup!TOY<LWWT/!2'6#.!

TOY<LWLY<!

!

!

!

!

N

O BF3K

Cl

N

O BF3K

OMe



!#X8(!"#$%&'()(−((*+$&',-&.%#/(0'12&34'&5(#.3(!"#'#2%&',6#%,1.(7#%#(
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;(

!

12./66+5,$H\5+-20+-)OCOF0I,).8/-2-).*+?052*2[2*/.)$H!#KI$

`*%1-*%.! 2*'3! Y47*'3';6,#'$,#%! JTNN! 35M! 78! -! &$,5)(! 3'.,2,0-(,'#! '2! ()%!

5%#%*-$! 1*'0%.6*%! O<! H2(%*! ()%! 3,?(6*%! +-&! &(,**%.! 2'*! _S! )! -(! 4XY! PB/! ()%!

*%&,.6-$! .476(8$$,(),63! +-&! ;6%#0)%.! +,()! -0%('#%! JYL! wG/! W<LY! 33'$/! W<LL!

%;6,>M<!=%#!3,#6(%&!-2(%*!()%!-..,(,'#!'2!-0%('#%/!-#!-;6%'6&!QA!&'$6(,'#!JS<O!

E/!L<O!3G/!K<TN!33'$/!K<LL!%;6,>M!-#.!T43%()8$'?,*-#%!JW<WK!3G/!WS<T!33'$/!WO!%;6,>!M!-&!

(),'%()8$! &0->%#5%*! +%*%! -..%.! &$'+$8! -(! 4XY! PB<! =)%! 2$-&:! +-&! *%3'>%.! 2*'3! ()%! .*8!

,0%o-0%('#%!7-()!-#.! ()%!3,?(6*%!+-&!&(,**%.! 2'*!T!)!-(! *''3! (%31%*-(6*%<!='! ()%! *%&6$(,#5!

)%(%*'5%#%'6&!3,?(6*%!BCTB$T!JO!3GM!+-&!-..%.<!=)%!3,?(6*%!+-&!2,$(%*%.!-#.!+-&)%.!+,()!

-..,(,'#-$!BCTB$T!JK!?!TL!3GM!-#.!-0%('#%!JK!?!O!3GM<!=)%!*%3-,#,#5!2,$(%*!0-:%!+-&!+-&)%.!

+,()!ZEA! JOL!3GM!6#(,$! ()%! 2,$(*-(%!+-&!0'$'*$%&&<!=)%!ZEA! 2,$(*-(%!+-&!0'#0%#(*-(%.!6#.%*!

>-06'! ('! 8,%$.! ()%! .%&,*%.! 1*'.60(!!#K! -&! -! 1-$%! 8%$$'+! &'$,.! JYT!35/! L<T_!33'$M! ,#! TXc!

8,%$.<!

$

=;(;!.%0'31'&,(,'#!vTTL!PB<!TUOV>!J#%-(/!034WM!ν3-?!h!WSNY/!WSTL/!WO__/!WOSX/!WN_O/!WNL_/!

WK_O/!WTW_/!WTLN/!WWLS/!WLXW/!WLOL/!WLTK/!WLLW/!_YW/!YOL/!YKN/!YLO/!XYX/!XWT/!STX/!OX_<!!W$

G=>! JOLL!ECU/!ZE9\43SM!g!Y<_L!J../!=!h!N<T/!W<Y!CU/!WCM/!Y<NN!J../!=!h!Y<N/!W<Y!CU/!WCM/!

X<SK!f!X<OO!J3/!TCM/!X<KX!J../!=!h!WL<W/!Y<L!CU/!WCM<!!D7$G=>!JWOL!ECU/!ZE9\43SM!g!TTO<L!f!

TTW<X!J7*&M/!WOS<T!J./!=!h!TOT<Y!CUM/!WOL<X/!WNO<S!J./!=!h!T<S!CUM/!WNK<N/!WTY<K!J./!=!h!N<_!CUM/!

WTO<_!J../!=!h!_<W/!T<W!CUM/!WTW<N!J./!=!h!T<Y!CUM/!WWX<_!J./!=!h!WO<X!CUM/!WL_<T!J./!=!h!WY<Y!

CUM<!!KT$G=>!JNXL!ECU/!ZE9\43SM!g!4WTK<K!J../!=!h!WL<W/!S<N!CUM/!4WNN<Y!J./!=!h!YT<K!CUM<!
!!Y$ G=>! JWSL! ECU/! ZE9\43SM! g! 4W<OS! J;/! =! h! OT<N/! OW<_! CUM<! W>O=A! JD9RM! 0-$0.! 2'*!

BWLCOIAN]\!sE!p!Qup!TNT<LNLY/!2'6#.!TNT<LNLN<!

!

#;@;X$ 15*+?+3/.+2-$2?$1F*+4F0$E3F0.*+?052*2[2*/.)6$

`*,'*! ('! :,#%(,0! 3%-&6*%3%#(&! ()%! 0*6.%! 18*,.8$! -08$(*,2$6'*'7'*-(%&! '7(-,#%.! 78! 5%#%*-$!

1*'0%.6*%! W! +%*%! -..,(,'#-$$8! 16*,2,%.<! A'*! (),&! 16*1'&%/! 0*6.%! *%-0(,'#! 1*'.60(! W! +-&!

&6&1%#.%.!,#!-0%('#%<!=)%!&6&1%#&,'#!+-&!&'#,0-(%./!0%#(*,265%.!-#.!()%!&61%*#-(-#(!+-&!

.%0-#(%.<!=)%!&%;6%#0%!'2!&(%1&!+-&!*%1%-(%.!(+,0%!+,()!-0%('#%!-#.!'#0%!+,()!BCTB$T!2'*!

%-0)!0'31'6#.<!=)%!*%&,.6-$!&'$,.!+-&!.*,%.!6#.%*!),5)!>-0663!-(! *''3!(%31%*-(6*%!-#.!

6&%.!2'*!26*()%*!$,5-(,'#!*%-0(,'#&<!

N

O BF3K

F



!"#$%&'()(−((*+$&',-&.%#/(0'12&34'&5(#.3(!"#'#2%&',6#%,1.(7#%#(8!##$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%(

!

!

#;@;#$ AF-.8)6+6$2?$E,+4)$J+L/.+2-$1*2453.6$

9OH@O18)-).8F0IO@O(+320+-/,+4)$H!!CI$

`*%1-*%.!78! ()%!QH=! $,5-(,'#!7%(+%%#!!!X! JK<YK!35/!L<LWY!33'$/!W<LL!

%;6,>M! -#.! !!#! JN<NX! 35/! L<LT! 33'$/! W<LO! %;6,>M! ,#! E%B]oL<W! E! -;<!

1'(-&&,63! 7622%*! JT^W/! W<T! 3G/! ('(-$! 0'#0%#(*-(,'#! WO! 3EM<! H2(%*! 26$$!

0'#>%*&,'#! +-&! ,#.,0-(%.! 78! WC4]E@! D(\H0! JO! 3GM! +-&! -..%.! -#.! ()%! 3,?(6*%! +-&!

%?(*-0(%.!+,()!CT\!JT!?!O!3GM/!.*,%.!'>%*!]-T9\N!-#.!0'#0%#(*-(%.!6#.%*!*%.60%.!1*%&&6*%<!

=)%! 0*6.%! 3-(%*,-$! +-&! 16*,2,%.! 78! 2$-&)! 0'$63#! 0)*'3-('5*-1)8! JD(\H0o)%?-#%&! W^NM! ('!

8,%$.!()%!.%&,*%.!1*'.60(!-&!1-$%!8%$$'+!',$!JK<X_!35/!L<LWX!33'$/!_KcM<!

$

=)%!&1%0(*-$!.-(-!+-&!,#!-5*%%3%#(!+,()!$,(%*-(6*%<TLK!!WOG=>$JNLL!ECU/!BZB$KM^!g!X<KS4X<WS!

J3/!WLCM/!O<NK!J7*!&/!WCM/!K<OO!J;/!=(h!S<_!CU/!TCM/!T<YN!J(/!=(h!S<_!CU/!TCM/!T<SO!J(/!=(h!X<O!CU/!

TCM/!T<WO!J(/!=(h!X<T!CU/!TCM/!W<_X!J1/!=(h!X<O!CU/!TCM<!!D7OG=> JWLL!ECU/!BZB$KM!g!WXT<S/!

WNW<O/!WKY<_/!WTY<Y/!WTY<X/!WTY<O/!WTY<N/!WTS<O/!WTO<_/!NL<O/!KO<_/!KO<X/!KO<W/!TX<W<!!

!

9OH@O18)-F0).8F0IO"O,).82'F[)-9/,+4)$HACI;$

`*%1-*%.!78! ()%!QH=! $,5-(,'#!7%(+%%#!!!K! JN<KS!35/!L<LWY!33'$/!

W<LL!%;6,>M!-#.!!!#!JN<NX!35/!WY<_!33'$/!W<LO!%;6,>M!,#!E%B]oL<W!

E! -;<! 1'(-&&,63! 7622%*! JT^W/! W<T! 3G/! ('(-$! 0'#0%#(*-(,'#! WO! 3EM<!
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$
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%(

!
PEU$J+L/.+2-$c$:).)*,+-/.+2-$2?$.8)$>)/3.+2-$Z*4)*$[F$!WOG=>$P+-).+3$A.54+)6$

"#$%&&!'()%*+,&%!&(-(%./!QH=!$,5-(,'#!*%-0(,'#!7%(+%%#!!!X$-#.!!!#!+%*%!0-**,%.!'6(!,#!

E%B]43K! o!L<W!E!.%6(%*-(%.!1'(-&&,63!1)'&1)-(%!7622%*!JT^W/!1C!S<YM!-(!*''3!(%31%*-(6*%!

JTO!PBM!-00'*.,#5!('!5%#%*-$!1*'0%.6*%!S<!Z,22%*%#(!,#,(,-$!0'#0%#(*-(,'#&!'2!()%!*%-0(-#(&!+%*%!

%31$'8%.!JW!%;6,>!h!WO!3EM<!

!

Q,#%(,0!Z-(-!'2!!!X!JL<O!%;6,>M!-#.!!!#!JW<L!%;6,>M!

$ $

$

Q,#%(,0!Z-(-!'2!!!X!JW<L!%;6,>M!-#.!!!#!JW<L!%;6,>M!

!! !
$

Q,#%(,0!Z-(-!'2!!!X!JT<L!%;6,>M!-#.!!!#!JW<L!%;6,>M!

$$ $

$
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$$$$
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Q,#%(,0!Z-(-!'2!!!X!JW<L!%;6,>M!-#.!!!#!JL<O!%;6,>M!

$$ $
$

Q,#%(,0!Z-(-!'2!!!X!JW<L!%;6,>M!-#.!!!#!JW<L!%;6,>M!

!! !
$

Q,#%(,0!Z-(-!'2!!!X!JW<L!%;6,>M!-#.!!!#!JT<L!%;6,>M!

$$ $

$
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N/*+/[0)$U),()*/.5*)$P+-).+3$A.54+)6$2?$.8)$PEU$J+L/.+2-$[F$!WOG=>$A()3.*2632(F$

"#$%&&!'()%*+,&%!&(-(%./!QH=!$,5-(,'#!*%-0(,'#!7%(+%%#!QH=$-#.!)8.*'?8$-3,#%!!!#!+%*%!

0-**,%.! '6(! -(! %;6,3'$-*! 0'#0%#(*-(,'#! JWO!3EM! ,#!E%B]43K! o! L<W!E! .%6(%*-(%.! 1'(-&&,63!

1)'&1)-(%!7622%*!JT^W/!1C!O<W!'*!S<YM!-(!>-*,-7$%!(%31%*-(6*%!JWL!PB!f!XL!PBM<!

!

Q,#%(,0!Z-(-!'2!!!X$JWO!3E/!1C!S<Y/!WL!PBM!

$

$

!
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N/*+/[0)$(W$P+-).+3$A.54+)6$2?$.8)$PEU$J+L/.+2-$[F$!WOG=>$A()3.*2632(F$H(W$";"$c$#;"I$

"#$%&&!'()%*+,&%!&(-(%./!QH=!$,5-(,'#!*%-0(,'#!7%(+%%#!QH=$-#.!)8.*'?8$-3,#%!!!#$+%*%!

0-**,%.! '6(! -(! %;6,3'$-*! 0'#0%#(*-(,'#! JWO!3EM! ,#!E%B]43K! o! L<W!E! .%6(%*-(%.! 1'(-&&,63!

1)'&1)-(%!7622%*!JT^WM!-(!*''3!(%31%*-(6*%!JTO!PBM!-#.!-(!>-*,-7$%!1C!J1C!N<N/!O<W/!S<Y/!X<NM!

-00'*.,#5!('!5%#%*-$!1*'0%.6*%!S<!
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N/*+/[0)$(W$P+-).+3$A.54+)6$2?$.8)$PEU$J+L/.+2-$[F$MNON+6$A()3.*2(82.2,).*F$H(W$D;X$c$

D;KI$

"#$%&&! '()%*+,&%! &(-(%./! QH=! $,5-(,'#! *%-0(,'#&! 7%(+%%#! QH=! -#.! )8.*'?8$-3,#%! !!#!

+%*%! 0-**,%.! '6(! -(! %;6,3'$-*! 0'#0%#(*-(,'#! JK<XO! 3EM! ,#! E%B]! o! L<T! E! .%6(%*-(%.!

1'(-&&,63! -0%(-(%! 7622%*! JW^_M! -(! *''3! (%31%*-(6*%! -#.! -(! >-*,-7$%! 1C! J1C! K<S! '*! K<_M!

-00'*.,#5!('!5%#%*-$!1*'0%.6*%!X<!

!

WM!=,3%4.%1%#.%#(!"V4V,&!91%0(*-$!B)-#5%&!
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$
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$
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!
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!
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$
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$
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$
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P+-).+3$=)/65*),)-.6$2?$.8)$PEU$J+L/.+2-$/.$N/*+/[0)$Y5??)*$72-3)-.*/.+2-6$

='! >%*,28! +)%()%*! ()%! QH=! $,5-(,'#! 1*'0%%.&! >,-! &1%0,2,0! -0,.! 0-(-$8&,&! '*! 5%#%*-$! -0,.!

0-(-$8&,&!-!&%*,%&!'2!:,#%(,0!%?1%*,3%#(&!+%*%!0'#.60(%.!-(!0'#&(-#(!1C!76(!>-*,-7$%!7622%*!

0'#0%#(*-(,'#&<!"#$%&&!'()%*+,&%!&(-(%./!QH=! $,5-(,'#! *%-0(,'#&!7%(+%%#!T418*,.8$!QH=$ !!X$

-#.! )8.*'?8$-3,#%! !!#$ +%*%! 0-**,%.! '6(! -(! %;6,3'$-*! 0'#0%#(*-(,'#! JWO! 3EM! -#.! *''3!

(%31%*-(6*%! JTO! PBM! ,#! -! &'$>%#(! 3,?(6*%! '2! E%B]43D! o! .%6(%*-(%.! 1'(-&&,63! 1)'&1)-(%!

7622%*! JT^W/! 1C! S<YM! -(! >-*,-7$%! 1'(-&&,63! 1)'&1)-(%! 7622%*! 0'#0%#(*-(,'#&! JL<LO! f! L<K!EM!

-00'*.,#5!('!5%#%*-$!1*'0%.6*%!S<!

!

7622%*!0'#0%#(*-(,'#!L<LO!E! 7622%*!0'#0%#(*-(,'#!L<W!E!

!! !
!

7622%*!0'#0%#(*-(,'#!L<T!E! 7622%*!0'#0%#(*-(,'#!L<K!E!

!! !

$ $
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%(

!
>/.)$72-6./-.6$2?$CO_5+-20+-)$PEU6$[F$MNeN+6$A()3.*2(82.2,).*F$

"#$%&&!'()%*+,&%!&(-(%./!QH=! $,5-(,'#!*%-0(,'#&!7%(+%%#! ()%!*%&1%0(,>%!Y4;6,#'$,#%!QH=$

-#.! )8.*'?8$-3,#%! !!#$ +%*%! 0-**,%.! '6(! -(! %;6,3'$-*! 0'#0%#(*-(,'#! JT<O! 3EM! -#.! *''3!

(%31%*-(6*%!JTO!PBM! ,#!-!&'$>%#(!3,?(6*%!'2!E%B]!o!L<T!E!1'(-&&,63!1)'&1)-(%!7622%*!JT^W/!

1C!S<YM!-00'*.,#5!('!5%#%*-$!1*'0%.6*%!X<!

!

Q,#%(,0!Z-(-!'2!!#!$JT<O!3E/!1C!S<Y/!TO!PBM!

$

$

$

$

$

Q,#%(,0!Z-(-!'2!!#"$JT<O!3E/!1C!S<Y/!TO!PBM!

$

$
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$

$

Q,#%(,0!Z-(-!'2!!#Q$JT<O!3E/!1C!S<Y/!TO!PBM!

!

! !

!

!

$ $
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!
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Acquisition Parameter
Acquisition Date: 01.11.2016 10:07:44Method: ETH_HyStar_HPLC_QTOF_Neg_LowMass_Loop-AS.m
Operator: Louis BertschiD:\Data\max299xx\MAX29996.dFile Name:

Negative ESI Source Type 1.6 BarIon Polarity Set Nebulizer
200 °CFocus Active 4500 VSet Capillary Set Dry Heater

Set Dry Gas 8.0 l/minSet End Plate Offset -500 V50 m/zScan Begin
1300 m/zScan End Set Collision Cell RF 430.0 Vpp Source Set Divert Valve

225.1037

293.1084

387.0340

506.1090

615.9928
1033.9883
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Acquisition Parameter
Acquisition Date: 01.11.2016 10:07:44Method: ETH_HyStar_HPLC_QTOF_Neg_LowMass_Loop-AS.m
Operator: Louis BertschiD:\Data\max299xx\MAX29996.dFile Name:

Negative ESI Source Type 1.6 BarIon Polarity Set Nebulizer
200 °CFocus Active 4500 VSet Capillary Set Dry Heater

Set Dry Gas 8.0 l/minSet End Plate Offset -500 V50 m/zScan Begin
1300 m/zScan End Set Collision Cell RF 430.0 Vpp Source Set Divert Valve

225.1037

293.1084

387.0340

506.1090

615.9928
1033.9883

-MS, 0.11-1.04min #16-154
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Evaluation Spectra / Validation Formula:

# Ion Formula Adduct m/z z Meas. m/z mSigma N-Rule err [mDa] err [ppm]
1 C6H4BF3NO M 174.0345 1- 174.0343 207.4 ok -0.2 -1.0
1 C14H13N2O M-H 225.1033 1- 225.1037 49.5 ok -0.3 -1.5
1 C14H13BF3N2O M-H 293.1081 1- 293.1084 24.1 ok 0.3 1.0
1 C19H20BF3N3O3 M 406.1559 1- 406.1558 36.0 ok 0.1 0.2

Calibration Info: Mass List:

# m/z Res. S/N I % FWHM
  1 146.0396 31444 1614.3 1.3 0.0046
  2 173.0377 22760 3774.9 3.2 0.0076
  3 174.0343 24323 8160.3 6.8 0.0072
  4 175.0383 38623 3435.6 2.9 0.0045
  5 225.1037 33793 58239.7 53.3 0.0067
  6 225.9501 30015 1096.0 1.0 0.0075
  7 226.1069 29411 14308.2 13.1 0.0077
  8 227.1106 28265 1337.2 1.2 0.0080
  9 250.9497 36923 4014.0 3.7 0.0068
 10 251.9456 29037 13849.3 12.7 0.0087
 11 252.9478 27216 4226.2 3.9 0.0093
 12 253.9436 36241 15699.9 14.4 0.0070
 13 257.9967 30787 4210.3 3.9 0.0084
 14 258.0936 25033 1189.9 1.1 0.0103
 15 264.9344 29009 1111.6 1.0 0.0091
 16 292.1124 39864 31330.2 28.7 0.0073
 17 293.1084 37089 109352.5 100.0 0.0079
 18 294.1121 29455 16979.0 15.5 0.0100
 19 301.9985 36419 3247.7 2.9 0.0083
 20 303.0147 26973 1273.6 1.1 0.0112
 21 305.0137 31466 1373.2 1.2 0.0097
 22 316.0142 41021 5700.5 5.1 0.0077
 23 320.1083 32988 6033.4 5.4 0.0097
 24 321.1044 42002 31737.6 28.1 0.0076
 25 322.1080 28248 3483.4 3.1 0.0114
 26 339.2335 31948 1854.2 1.6 0.0106
 27 355.0871 27524 1279.9 1.1 0.0129
 28 385.0415 25860 1242.9 1.0 0.0149
 29 386.0378 30722 14887.9 12.5 0.0126
 30 387.0340 40151 40946.7 34.4 0.0096
 31 388.0372 27469 4386.8 3.7 0.0141
 32 389.0334 26154 1850.1 1.5 0.0149
 33 406.1558 33581 5347.9 4.4 0.0121
 34 506.1090 27987 2665.4 2.0 0.0181
 35 525.2301 31534 1395.9 1.0 0.0167
 36 601.9785 61374 10424.1 7.4 0.0098
 37 615.9928 59453 22050.9 15.6 0.0104
 38 616.9999 45027 3256.2 2.3 0.0137
 39 1033.9883 71293 14492.7 8.1 0.0145
 40 1034.9928 43325 2289.9 1.3 0.0239

# m/z Res. S/N I % FWHM
  1 173.0380 24184 24.4 0.0072
  2 174.0345 24323 100.0 0.0072
  3 175.0374 24463 6.8 0.0072
  4 176.0397 24603 0.4 0.0072

Date: 01.11.2016 10:43:11
Polarity: Negative
Calibration spectrum: -MS, 0.11-1.04min #16-154: Scan
Reference mass list: ESI: Tunemix (neg) ESI-TOF
Calibration mode: Quadratic
  
Reference m/z Resulting m/z Intensity Error [ppm]

112.9856 112.9855 32 -0.627
301.9981 301.9985 2241 1.086
431.9823
556.0019
601.9790 601.9785 5665 -0.724
615.9946

1033.9881 1033.9883 6210 0.173
1333.9689
1633.9498
1933.9306
2233.9115
2533.8923
2833.8731

Standard deviation: 1.582
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Evaluation Spectra / Validation Formula:

# Ion Formula Adduct m/z z Meas. m/z mSigma N-Rule err [mDa] err [ppm]
1 C6H4BF3NO M 174.0345 1- 174.0343 207.4 ok -0.2 -1.0
1 C14H13N2O M-H 225.1033 1- 225.1037 49.5 ok -0.3 -1.5
1 C14H13BF3N2O M-H 293.1081 1- 293.1084 24.1 ok 0.3 1.0
1 C19H20BF3N3O3 M 406.1559 1- 406.1558 36.0 ok 0.1 0.2

Calibration Info: Mass List:

# m/z Res. S/N I % FWHM
  1 146.0396 31444 1614.3 1.3 0.0046
  2 173.0377 22760 3774.9 3.2 0.0076
  3 174.0343 24323 8160.3 6.8 0.0072
  4 175.0383 38623 3435.6 2.9 0.0045
  5 225.1037 33793 58239.7 53.3 0.0067
  6 225.9501 30015 1096.0 1.0 0.0075
  7 226.1069 29411 14308.2 13.1 0.0077
  8 227.1106 28265 1337.2 1.2 0.0080
  9 250.9497 36923 4014.0 3.7 0.0068
 10 251.9456 29037 13849.3 12.7 0.0087
 11 252.9478 27216 4226.2 3.9 0.0093
 12 253.9436 36241 15699.9 14.4 0.0070
 13 257.9967 30787 4210.3 3.9 0.0084
 14 258.0936 25033 1189.9 1.1 0.0103
 15 264.9344 29009 1111.6 1.0 0.0091
 16 292.1124 39864 31330.2 28.7 0.0073
 17 293.1084 37089 109352.5 100.0 0.0079
 18 294.1121 29455 16979.0 15.5 0.0100
 19 301.9985 36419 3247.7 2.9 0.0083
 20 303.0147 26973 1273.6 1.1 0.0112
 21 305.0137 31466 1373.2 1.2 0.0097
 22 316.0142 41021 5700.5 5.1 0.0077
 23 320.1083 32988 6033.4 5.4 0.0097
 24 321.1044 42002 31737.6 28.1 0.0076
 25 322.1080 28248 3483.4 3.1 0.0114
 26 339.2335 31948 1854.2 1.6 0.0106
 27 355.0871 27524 1279.9 1.1 0.0129
 28 385.0415 25860 1242.9 1.0 0.0149
 29 386.0378 30722 14887.9 12.5 0.0126
 30 387.0340 40151 40946.7 34.4 0.0096
 31 388.0372 27469 4386.8 3.7 0.0141
 32 389.0334 26154 1850.1 1.5 0.0149
 33 406.1558 33581 5347.9 4.4 0.0121
 34 506.1090 27987 2665.4 2.0 0.0181
 35 525.2301 31534 1395.9 1.0 0.0167
 36 601.9785 61374 10424.1 7.4 0.0098
 37 615.9928 59453 22050.9 15.6 0.0104
 38 616.9999 45027 3256.2 2.3 0.0137
 39 1033.9883 71293 14492.7 8.1 0.0145
 40 1034.9928 43325 2289.9 1.3 0.0239

# m/z Res. S/N I % FWHM
  1 173.0380 24184 24.4 0.0072
  2 174.0345 24323 100.0 0.0072
  3 175.0374 24463 6.8 0.0072
  4 176.0397 24603 0.4 0.0072

Date: 01.11.2016 10:43:11
Polarity: Negative
Calibration spectrum: -MS, 0.11-1.04min #16-154: Scan
Reference mass list: ESI: Tunemix (neg) ESI-TOF
Calibration mode: Quadratic
  
Reference m/z Resulting m/z Intensity Error [ppm]

112.9856 112.9855 32 -0.627
301.9981 301.9985 2241 1.086
431.9823
556.0019
601.9790 601.9785 5665 -0.724
615.9946

1033.9881 1033.9883 6210 0.173
1333.9689
1633.9498
1933.9306
2233.9115
2533.8923
2833.8731

Standard deviation: 1.582
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# m/z Res. S/N I % FWHM
  1 225.1033 33792 100.0 0.0067
  2 226.1064 33943 16.0 0.0067
  3 227.1092 34094 1.4 0.0067

# m/z Res. S/N I % FWHM
  1 292.1115 36963 23.9 0.0079
  2 293.1081 37089 100.0 0.0079
  3 294.1111 37216 15.7 0.0079
  4 295.1137 37342 1.4 0.0079

# m/z Res. S/N I % FWHM
  1 405.1592 33499 23.6 0.0121
  2 406.1559 33581 100.0 0.0121
  3 407.1588 33664 21.5 0.0121
  4 408.1612 33747 2.8 0.0121
  5 409.1643 33830 0.3 0.0121

MAX29996 Sara da Ros/Bode - SDR-05-E035 - ACN/H2O

Bruker Daltonics maXis ESI-QTOF Page 3 of 3ETH - MS-Service LOC - D-CHAB
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Acquisition Parameter
Acquisition Date: 13.02.2017 10:34:21Method: ETH_HyStar_HPLC_QTOF_NEG_LowMass_Loop-AS.m
Operator: Louis BertschiD:\Data\max312xx\MAX31246e.dFile Name:

Negative ESI Source Type 0.4 BarIon Polarity Set Nebulizer
200 °CFocus Active 4500 VSet Capillary Set Dry Heater

Set Dry Gas 4.0 l/minSet End Plate Offset -500 V50 m/zScan Begin
1300 m/zScan End Set Collision Cell RF 430.0 Vpp Source Set Divert Valve

174.0344

253.9426
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Evaluation Spectra / Validation Formula:

Calibration Info: Mass List:

# m/z Res. S/N I % FWHM
  1 174.0344 23563 241.4 11.8 0.0074
  2 250.9484 28697 543.3 28.5 0.0087
  3 251.9446 27082 1753.6 92.2 0.0093
  4 252.9464 24934 455.4 24.0 0.0101
  5 253.9426 37378 1899.4 100.0 0.0068
  6 254.9454 18909 66.4 3.5 0.0135
  7 264.9337 22757 105.9 5.6 0.0116
  8 291.9165 25690 67.7 3.6 0.0114
  9 292.1114 24310 192.0 10.3 0.0120
 10 293.1077 31889 856.0 46.1 0.0092
 11 294.1111 23727 96.6 5.2 0.0124
 12 321.1031 26241 109.9 6.0 0.0122
 13 323.0544 24524 66.7 3.6 0.0132
 14 332.9381 26659 740.5 40.6 0.0125
 15 333.9421 24913 96.6 5.3 0.0134
 16 334.0255 29591 218.8 12.0 0.0113
 17 334.1347 23841 113.0 6.2 0.0140
 18 334.9375 24465 168.1 9.2 0.0137
 19 335.0221 26729 934.2 51.3 0.0125
 20 336.0253 23245 133.7 7.3 0.0145
 21 337.0215 22680 72.9 4.0 0.0149
 22 400.9431 22617 70.1 3.9 0.0177
 23 402.0312 23658 212.0 12.0 0.0170
 24 402.1393 20730 173.0 9.8 0.0194
 25 403.0274 22843 494.5 28.1 0.0176
 26 403.2164 22905 64.6 3.7 0.0176
 27 404.0364 12578 94.7 5.4 0.0321
 28 404.2132 25389 305.9 17.4 0.0159
 29 404.3307 22875 69.4 3.9 0.0177
 30 405.0395 21025 178.4 10.1 0.0193
 31 405.1560 21992 312.9 17.8 0.0184
 32 405.2302 23387 366.0 20.8 0.0173
 33 406.1534 26928 1048.5 59.8 0.0151
 34 406.2284 25829 1443.0 82.4 0.0157
 35 407.1573 22192 228.1 13.1 0.0183
 36 407.2324 21209 333.9 19.2 0.0192
 37 409.9939 26749 60.9 3.6 0.0153
 38 410.1852 16163 118.9 7.0 0.0254
 39 410.9900 21874 195.4 11.6 0.0188
 40 411.9933 28786 61.8 3.7 0.0143

Date: 13.02.2017 10:41:42
Polarity: Negative
Calibration spectrum: -MS, 0.34-5.53min #2-42: Scan
Reference mass list: ESI: Na Formate (neg)
Calibration mode: Enhanced Quadratic
  
Reference m/z Resulting m/z Intensity Error [ppm]

112.9856 112.9856 33 0.007
180.9731 180.9731 416 0.058
248.9605 248.9604 3446 -0.290
316.9479 316.9480 3267 0.286
384.9353 384.9354 1629 0.075
452.9227 452.9228 815 0.054
520.9102 520.9099 436 -0.533
588.8976 588.8979 252 0.449
656.8850 656.8849 118 -0.107
724.8724
792.8599
860.8473
928.8347
996.8221

1064.8096
1132.7970
1200.7844
1268.7718
1336.7593
1404.7467
1472.7341

Standard deviation: 0.379
  
  
  
  

MAX31246e Sara Da Ros/Bode - SDR-06-E032 - ACN/H2O

Bruker Daltonics maXis ESI-QTOF Page 2 of 2ETH - MS-Service LOC - D-CHAB
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CR4@D9!E9oE9!J,&'$-(,'#!'2!1%-:!3oU!T_KM! B-$,7*-#(^!]-!A'*3-(%!
D9R!#%5-(,>%! R#r%0(,'#!V'$63%^!O!µGo3,#!J&8*,#5%!1631M!
A*-53%#(-(,'#!E%()'.^!BRZ!
$

$

$

$

Acquisition Parameter
Acquisition Date: 13.02.2017 10:15:33Method: ETH_HyStar_HPLC_QTOF_NEG_LowMass_Loop-AS.m
Operator: Louis BertschiD:\Data\max312xx\MAX31246d.dFile Name:

Negative ESI Source Type 0.4 BarIon Polarity Set Nebulizer
200 °CFocus Active 4500 VSet Capillary Set Dry Heater

Set Dry Gas 4.0 l/minSet End Plate Offset -500 V50 m/zScan Begin
1300 m/zScan End Set Collision Cell RF 430.0 Vpp Source Set Divert Valve

225.1039

293.1083

-MS2(293.1083), 13.0eV, 0.39-4.07min #46-485
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MAX31246d Sara Da Ros/Bode - SDR-06-E032 - ACN/H2O

Bruker Daltonics maXis ESI-QTOF Page 1 of 2ETH - MS-Service LOC - D-CHAB
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$
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$

$

$

$ $

Evaluation Spectra / Validation Formula:

Calibration Info: Mass List:

# m/z Res. S/N I % FWHM
  1 121.0406 30966 125.0 0.1 0.0039
  2 146.0622 17387 10.7 0.0 0.0084
  3 173.0389 21914 26.2 0.0 0.0079
  4 174.0355 23092 112.3 0.1 0.0075
  5 187.0666 19828 8.5 0.0 0.0094
  6 188.0625 20883 33.0 0.0 0.0090
  7 196.0780 22122 56.7 0.1 0.0089
  8 220.1478 18102 9.3 0.0 0.0122
  9 221.1557 20113 20.9 0.0 0.0110
 10 224.1204 27527 689.8 0.8 0.0081
 11 224.6457 6026 13.1 0.0 0.0373
 12 224.6580 18079 12.2 0.0 0.0124
 13 224.6759 54240 11.1 0.0 0.0041
 14 224.6964 54241 11.2 0.0 0.0041
 15 224.7166 21221 12.5 0.0 0.0106
 16 224.7243 18082 12.4 0.0 0.0124
 17 224.7526 6028 13.3 0.0 0.0373
 18 225.1039 37102 85633.2 100.0 0.0061
 19 225.2584 16921 10.5 0.0 0.0133
 20 225.3230 29261 837.9 1.0 0.0077
 21 225.4575 41450 741.2 0.9 0.0054
 22 225.6577 34731 152.2 0.2 0.0065
 23 225.7946 42597 228.5 0.3 0.0053
 24 225.9727 17636 36.5 0.0 0.0128
 25 226.1067 30623 17923.2 21.0 0.0074
 26 226.4654 16742 30.9 0.0 0.0135
 27 226.7935 22955 17.0 0.0 0.0099
 28 227.1103 26549 1706.8 2.0 0.0086
 29 228.1129 19902 27.9 0.0 0.0115
 30 236.1063 23423 37.4 0.0 0.0101
 31 272.1190 22478 23.9 0.0 0.0121
 32 291.1285 22853 55.6 0.1 0.0127
 33 292.1128 34944 5608.6 7.0 0.0084
 34 293.1083 30086 20687.6 25.0 0.0097
 35 294.1119 28184 2982.0 3.4 0.0104
 36 295.1152 20809 163.6 0.2 0.0142

Date: 13.02.2017 10:23:39
Polarity: Negative
Calibration spectrum: -MS, 0.26-4.80min #31-573: Scan
Reference mass list: ESI: Na Formate (neg)
Calibration mode: Enhanced Quadratic
  
Reference m/z Resulting m/z Intensity Error [ppm]

112.9856 112.9856 18 0.040
180.9731
248.9605 248.9604 1936 -0.282
316.9479 316.9479 2961 0.145
384.9353 384.9354 1477 0.257
452.9227 452.9229 837 0.238
520.9102 520.9099 384 -0.568
588.8976 588.8976 219 0.039
656.8850 656.8851 93 0.131
724.8724
792.8599
860.8473
928.8347
996.8221

1064.8096
1132.7970
1200.7844
1268.7718
1336.7593
1404.7467
1472.7341

Standard deviation: 0.389
  
  
  
  

MAX31246d Sara Da Ros/Bode - SDR-06-E032 - ACN/H2O

Bruker Daltonics maXis ESI-QTOF Page 2 of 2ETH - MS-Service LOC - D-CHAB
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sWYNu! Nelson, J. T.; Davis, R. 1H and 13C NMR Spectra of Fifteen Substituted Isoquinolines. 

Magnetic Resonance in Chemistry 1991, 29, 513–517.  
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"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!"#$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

&$ '()*+,-.*-(/*$01+1$123$045$617*871+/-2.$

&9#$ :;<$'()*+,-.*-(/*$01+1$

!=>?@,/3/2=!=@7A(B)2-7$>CDEA$
#F=:;<$>GHH$;FIJ$1*)+-2)=1"A!!
!

!
!

#K6=:;<$>#H#$;FIJ$1*)+-2)=1"A!$

!

N

HO



!"!6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

!=>"=;)+B@7(@,/3/2=!=@7A(B)2-7$>CD&A$
#F=:;<$>GHH$;FIJ$1*)+-2)=1"A!!

!

!

!
#K6=:;<$>#H#$;FIJ$1*)+-2)=1"A!!

!

!

HO

N

Me



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!"K$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

!=>"=>F@3,-L@M)+B@7A(@,/3/2=!=@7A(B)2-7$>C#H#A$
#F=:;<$>GHH$;FIJ$6067KA!!

!

!

!
#K6=:;<$>#H#$;FIJ$6067KA!!

!

$

HO

N
HO



!"G6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

"=>!=F@3,-L@(B)2@7A(/*-7/2/*$1*/3$>C#H!A$
#F=:;<$>GHH$;FIJ$0;'N=1"A!!

!

!

!
#K6=:;<$>#H#$;FIJ$0;'N=1"A!!

$

$

HO

N
HO

O



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!"O$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

!=>"=PM/2-(@,/3/2=!=@7A(B)2-7$>C#HKA$
#F=:;<$>GHH$;FIJ$6067KA!!

!

!

!
#K6=:;<$>#H#$;FIJ$6067KA!!

!

!

HO

N

H2N



!""6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

"=>!=F@3,-L@(B)2@7A2/*-+/2/*$1*/3 (C#HGA$
#F=:;<$>GHH$;FIJ$M)+B12-7=1GA!!

!

!

!
#K6=:;<$>#H#$;FIJ$M)+B12-7=1GA!!

!

!

HO

N

OHO



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!"E$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

;)+B@7$"=>!=B@3,-L@(B)2@7A(/*-7/21+)$>C#H"A$
#F=:;<$>GHH$;FIJ$0;'N=1"A!!

!

$
!

#K6=:;<$>#H#$;FIJ$0;'N=1"A!!

$

!

HO

N
MeO

O



!"&6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

!=>"=>Q)2I@7-L@A(@,/3/2=!=@7A(B)2-7$>C#HEA$
#F=:;<$>GHH$;FIJ$6067KA!!

!

!

!
#K6=:;<$>#H#$;FIJ$6067KA!!

$

!

N

HO

BnO



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!"D$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

!=>"=;)+B-L@(@,/3/2=!=@7A(B)2-7$>C#H&A$
#F=:;<$>GHH$;FIJ$1*)+-2)=1"A!!

!

$
$
#K6=:;<$>#H#$;FIJ$1*)+-2)=1"A!!

!

!

HO

N

MeO



!EH6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

!=>"=6B7-,-(@,/3/2=!=@7A(B)2-7$>C#HDA$
#F=:;<$>GHH$;FIJ$1*)+-2)=1"A!!

!

!

!
#K6=:;<$>#H#$;FIJ$1*)+-2)=1"A!!

!

$

HO

N

Cl



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!E#$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

!=>!=F@3,-L@(B)2@7A/.-2/*-+/2-2/+,/7) (C##HA$
#F=:;<$>GHH$;FIJ$1*)+-2)=1"A!!

!

$
$

#K6=:;<$>#H#$;FIJ$1*)+-2)=1"A!!

!

$

HO

N

CN



!E!6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

!=F@3,-L@R)2I173)B@3)$-L/M)$>C###A!
#F=:;<$>GHH$;FIJ$1*)+-2)=1"A!!

!

!

!
#K6=:;<$>#H#$;FIJ$1*)+-2)=1"A!!

!

!

N
OH

OH

H



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!EK$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

!=F@3,-L@1*)+-(B)2-2)$-L/M)$>C##!A!
#F=:;<$>GHH$;FIJ$0;'N=1"A!!

$

!

!
#K6=:;<$>#H#$;FIJ$0;'N=1"A!!

$

!

N
OH

OH

Me



!EG6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

!=F@3,-L@R)2I-(B)2-2)$-L/M)$>C##KA!
#F=:;<$>GHH$;FIJ$1*)+-2)=1"A!!

!

!

!
#K6=:;<$>#H#$;FIJ$1*)+-2)=1"A!!

!

!

N
OH

OH

Ph



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!EO$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

!=F@3,-L@R)2I173)B@3)$N=>&'(&=R8+@73/(B)2@7./7@7A$-L/M)$>C##GA!
#F=:;<$>GHH$;FIJ$6067KA!!

!

!

!
#K6=:;<$>#H#$;FIJ$6067KA!!

!

!

N
OTBDPS

OH

H



!E"6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

?-+1../8M$G=S78-,-R)2I-@7+,/S78-,-R-,1+)$>#HHA!
#F=:;<$>"HH$;FIJ$0;'N=1"A!!

!

!

!
#K6=:;<$>#O#$;FIJ$0;'N=1"A!!

!

!

F

O

BF3K



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!EE$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

$

#D4=:;<$>!&!$;FIJ$1*)+-2)=1"A!!

!

!

!
##Q=:;<$>#"H$;FIJ$0;'N=1"A!!

!

!



!E&6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

G=478-,-(B)2@7$M-2-S78-,-R-,-21+)$S,-M$!=>(@,/3/2=!=@7A(B)2-7$7/T123$>'!A!
#F=:;<$>"HH$;FIJ$6067KA!!

!

!

!
#K6=:;<$>#O#$;FIJ$6067KA!!

!

!

F

O

B
O

N
F



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!ED$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

$

#D4=:;<$>GEH$;FIJ$6067KA!!

!

!

!
##Q=:;<$>#"H$;FIJ$6067KA!!

!

!



!&H6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

G=478-,-(B)2@7$M-2-S78-,-R-,-21+)$S,-M$!=>"=M)+B@7(@,/3/2=!=@7A(B)2-7$7/T123$>'KA!
#F=:;<$>KHH$;FIJ$6067KA!!

!

!

!
#D4=:;<$>GEH$;FIJ$6067KA!!

!

!

F

O

B
O

N
F

Me



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!&#$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

!=S78-,-=O=M-2-S78-,-R-,-21+)$>#O&A$
#F=:;<$>"HH$;FIJ$6067KA!!

$

!  

 
#K6=:;<$>#OH$;FIJ$6067KA!!

$

 

NF

B

O

O
F

N



!&!6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

$

#D4=:;<$>GEH$;FIJ$6067KA!!

$

 

 
##Q=:;<$>"HH$;FIJ$6067KA!!

$

 



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!&K$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

&=Q,-M-U8/2-7/2)$>#E&A$
#F=:;<$>GHH$;FIJ$6067KA!!

 

 

 
#K6=:;<$>#H#$;FIJ$6067KA!!

!

!

N
Br



!&G6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

&=Q,-M-=G=M)+B-L@U8/2-7/2)$>'GA!$
#F=:;<$>GHH$;FIJ$6067KA!!

!

$

$

#K6=:;<$>#H#$;FIJ$6067KA!!

 

N
Br

OMe



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!&O$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

&=Q,-M-=K=*1,R)+B-L@=G=B@3,-L@U8/2-7/2)$>'OA!$
#F=:;<$>OHH$;FIJ$6067KA!!

 

$
$

#K6=:;<$>#H#$;FIJ$0;'N=1"A$

$

$

N
Br

OHO

HO



!&"6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

&=Q,-M-=G=B@3,-L@U8/2-7/2)$>'"A$$
#F=:;<$>GHH$;FIJ$M)+B12-7=1GA$

$

$
$

#K6=:;<$>#H#$;FIJ$M)+B12-7=1GAA$

$

$

N
Br

OH



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!&E$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

&=Q,-M-=G=*B7-,-U8/2-7/2)$>'EA$
#F=:;<$>GHH$;FIJ$6067KA$

!

$
$

#K6=:;<$>#H#$;FIJ$6067KA$

$

!

N

Cl

Br



!&&6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

&=Q,-M-=O=S78-,-U8/2-7/2)$>#&HA!$
#F=:;<$>GHH$;FIJ$6067KA$

$

$

$

#K6=:;<$>GHH$;FIJ$6067KA$
$

$

N
Br

F



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!&D$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

?-+1../8M$G=M)+B-L@=!=/.-2/*-+/2-@7+,/S78-,-R-,1+)$>#!EA!$
#F=:;<$>OHH$;FIJ$0;'N=1"A$

$

$

$
#K6=:;<$>#OH$;FIJ$0;'N=1"A$

$

$

N
BF3K

O

OMe



!DH6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

$
#D4=:;<$>GEH$;FIJ$0;'N=1"A$

$

$
$
##Q=:;<$>#"H$;FIJ$0;'N=1"A$

$

$



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!D#$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

?-+1../8M$G=M)+B@7=!=/.-2/*-+/2-@7+,/S78-,-R-,1+)$>#!&A$
#F=:;<$>OHH$;FIJ$0;'N=1"A!$

$

!$
$

#K6=:;<$>#OH$;FIJ$0;'N=1"A$

$

$

N
BF3K

O

Me



!D!6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

$
#D4=:;<$>GEH$;FIJ$0;'N=1"A$

$

$
$

##Q=:;<$>#"H$;FIJ$0;'N=1"A$
$

$



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!DK$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

?-+1../8M$G=*B7-,-=!=/.-2/*-+/2-@7+,/S78-,-R-,1+)$>#!DA$
#F=:;<$>"HH$;FIJ$0;'N=1"A!!

$

! $

$
#K6=:;<$>#OH$;FIJ$0;'N=1"A$

$

$

N
BF3K

O

Cl



!DG6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

#D4=:;<$>GEH$;FIJ$0;'N=1"A$

$

$
$

##Q=:;<$>#"H$;FIJ$0;'N=1"A$

$

$



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!DO$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

?-+1../8M$G=S78-,-=!=/.-2/*-+/2-@7+,/S78-,-R-,1+)$>#KHA$
#F=:;<$>"HH$;FIJ$0;'N=1"A!!

$

$
$

#K6=:;<$>#OH$;FIJ$0;'N=1"A$

$

$

N
BF3K

O

F



!D"6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

$
#D4=:;<$>GEH$;FIJ$0;'N=1"A$

$

$

$
##Q=:;<$>#"H$;FIJ$0;'N=1"A$

$

$



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!DE$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

?-+1../8M$O=M)+B-L@=!=/.-2/*-+/2-@7+,/S78-,-R-,1+)$>#K#A!$
#F=:;<$>"HH$;FIJ$0;'N=1"A!!

$

$

$
#K6=:;<$>#OH$;FIJ$0;'N=1"A$

$

$

N
BF3K

O

MeO



!D&6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

$
#D4=:;<$>GEH$;FIJ$0;'N=1"A$

$

$

$
##Q=:;<$>#"H$;FIJ$0;'N=1"A$

$

$



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6!DD$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

?-+1../8M$"=M)+B-L@=!=/.-2/*-+/2-@7+,/S78-,-R-,1+)$>#K!A$
#F=:;<$>"HH$;FIJ$0;'N=1"A!!

$

$
$

#K6=:;<$>#OH$;FIJ$0;'N=1"A$

$

$

N
BF3K

O
MeO



KHH6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

$
#D4=:;<$>GEH$;FIJ$0;'N=1"A$

$

$
$

##Q=:;<$>#"H$;FIJ$0;'N=1"A$

$

$



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6KH#$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

?-+1../8M$O=*B7-,-=!=/.-2/*-+/2-@7+,/S78-,-R-,1+)$>#KKA$
#F=:;<$>"HH$;FIJ$0;'N=1"A!!

$

$

$
#K6=:;<$>#OH$;FIJ$0;'N=1"A$

$

$

N
BF3K

O

Cl



KH!6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

$

#D4=:;<$>GEH$;FIJ$0;'N=1"A$

$

$
$
##Q=:;<$>#"H$;FIJ$0;'N=1"A$

$

$



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6KHK$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

?-+1../8M$O=S78-,-=!=/.-2/*-+/2-@7+,/S78-,-R-,1+)$>#KOA$
#F=:;<$>"HH$;FIJ$0;'N=1"A!!

$

$

$
#K6=:;<$>#OH$;FIJ$0;'N=1"A$

$

$

N
BF3K

O

F



KHG6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777!

$
#D4=:;<$>GEH$;FIJ$0;'N=1"A$

$

$
$

##Q=:;<$>#"H$;FIJ$0;'N=1"A$

$

$



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6KHO$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

?-+1../8M$"=S78-,-=!=/.-2/*-+/2-@7+,/S78-,-R-,1+)$>#K"A$
#F=:;<$>"HH$;FIJ$0;'N=1"A!!

$

$
$

#K6=:;<$>#OH$;FIJ$0;'N=1"A$

$

$

N
BF3K

O
F



KH"6!"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!!
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!

?-+1../8M$!=S78-,-2/*-+/2-@7+,/S78-,-R-,1+)$>#O"A$
#F=:;<$>"HH$;FIJ$1*)+-2)=1"A!!

$
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?-+1../8M$>!=+B/1I-7@7AM)+B12-2)+,/S78-,-R-,1+)$>#EHA$
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?-+1../8M$>/.-U8/2-7/2)=&=@7AM)+B12-2)+,/S78-,-R-,1+)$>#EKA$
#F=:;<$>OHH$;FIJ$0;'N=1"A!$
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#D4=:;<$>GEH$;FIJ$0;'N=1"A$
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?-+1../8M$>U8/2-7/2)=&=@7AM)+B12-2)+,/S78-,-R-,1+)$>#E#A$
#F=:;<$>"HH$;FIJ$0;'N=1"A!$
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?-+1../8M$>G=M)+B-L@U8/2-7/2)=&=@7AM)+B12-2)+,/S78-,-R-,1+)$>#EGA$
#F=:;<$>"HH$;FIJ$0;'N=1"A!!
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?-+1../8M$>G=*B7-,-U8/2-7/2)=&=@7AM)+B12-2)+,/S78-,-R-,1+)$>#EOA$
#F=:;<$>OHH$;FIJ$0;'N=1"A!!
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##Q=:;<$>#"H$;FIJ$0;'N=1"A$

$

 



"#$%&'(!)!−!!*%'+&(,-+,%.+!/$&$!$01!/23!"$4+54$&.,0-!6K#D$
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!
!

?-+1../8M$>O=S78-,-U8/2-7/2)=&=@7AM)+B12-2)+,/S78-,-R-,1+)$>#EDA$
#F=:;<$>OHH$;FIJ$0;'N=1"A!$

 

 

 
#K6=:;<$>#OH$;FIJ$0;'N=1"A$
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6=>!=?B)2)+B@7A=!=R,-M-=K=(/*-7/21M/3)$>'DA$
#F=:;<$>#"H$;FIJ$1*)+-2)=1"A!!
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#K6=:;<$>#"H$;FIJ$1*)+-2)=1"A!$
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6=>!=?B)2)+B@7A=!=S78-,-=K=(/*-7/21M/3)$>'#HA$
#F=:;<$>"HH$;FIJ$6067KA!!
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