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SF 125.7577923 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
A " ‘ o J J A
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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'H & "C NMR
of 8e
A<
O MO AR ANNONOMNAROT AORANIN N~ ONNOOROIIENTAORA SO T OO
NOFTWONTNAN—FTOOOONDOWLMNMANOWONMNMANEAOAOLVLLMTOLONOITNOODTOANN®ONTO
CONNAN O OO DI TTIITIINTITITIII R OOONNNACOTITITARG GG ®®®®PO®D -+
L T aN TN aaamaumNanaf oot NuN % S current pata parameters
ocor~~~ANEEEEEEEE TS TOONNNNNNNNAAAITOCOOOCOCOOOOCOCOOO | NAME KR—IlBg]
EXPNO
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130222
Time 17.33
INSTRUM DRX500
g PROBHD 5 mm CPTCI 1H-
g PULPROG zg30
™ 65536
SOLVENT cpel13
NS 8
DS 2
O O b swit 10330.578 Hz
FIDRES 0.157632 Hz
HN\A AQ 3.1719923 sec
RG
c COOME DwW 48.400 usec
DE 6.00 usec
TE 300.0 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
= CHANNEL f1 = -
d NUC1 11
31 8.00 usec
j PL1 4.30 dB
SFO1 500.1335009 Mz
F2 - Processing parameters
s1 32768
SF 500.1300131 Mz
WDW EM
sSB 0
LB 0.30 Hz
GB 0
. PC 1.00
] a
Ar
f_j_\ i
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
LI CARINIE = (< w(~| o) (o ofu (<o) oy ™ [=|©
HREEERE Nf [ hard bl e B Ll b Bl et bt Q[
N(N| =[] [+ | - | ||| [v=|0> ||| N| N[N ": ™|
mwmoN LoToN ow NN N O O W o ®
PR eeEd8 8 PR RNRERARNP R 2 (P ONNETANTNANNOT R ATOD =D AR ND O T
nen9 aRnae w9 s NaSRRITSIRFTENEISAICRECINSARS®T  current pata Parameters
SOS a Addoo  ww G0 OB DD = TRANATNIENAAN AN ANV NANNSNR NE KRT-159
S888a SEERR 33 RSN 3 NN S NAN NN B MR aNNG NG o®w N wo® o
NNN A o — o A — OEECVYLOLVVOLVONMMMMMONNNNNNA A A EXPNO
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130817
Time 21.54
INSTRUM DRX500
PROBHD 5 mm CPTCI 1H-
PULPROG 2gpg30
™ 71424
SOLVENT cDCl3
NS 3139
DS 4
swH 35211.270 Hz
FIDRES 0.492989 Hz
0 o) AQ 1.0142708 sec
Y 0o RG 4096
oW 14.200 usec
DE 35.00 usec
HN TE 300.0 K
N COOMe D1 2.00000000 sec
H di1 0.03000000 sec
DELTA 1.89999998 sec
g MCREST 0.00000000 sec
MCWRK 001500000 sec
wwmmwwmw CHANNEL fl ==w=w=www=
NUC1 13¢
P1 12.00 usec
le) (0] PL1 dB
SFOL 125.7716354 bz
CHANNEL f2 =
waltz16
1H
80.00 usec
5.00 dB
22.00 dB
27.90 dB
sFO2 500.1320005 MHz
F2 - Processing parameters
s1 65536
SF 125.7577933 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
pC 1.40
| i | 1L I
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S12



'H & "C NMR
of 8f
DA~ OMVOOANNOOMNHMONHON AR ATANNOAAAR NN TOANOAHOVADEITNMO D~ M
OITNOXOVOXONONXFOVIONNOONXPOVOIITOCNVNONPRYWAONITIVANSORN®M™ YOI
TITNODNANNOOOOCEEFFENNNNNAAAAAATTINNN R OOOMNNNTITMNANC®®®® M~ M~ Current Data Parameters
e e e e ol o ol o o S o o ol o o o e S S e R R R R S R S S R R R R R - R - NN NN R giﬁfgo KRIIS?
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130708
Time 10.21
INSTRUM DRX500
PROBHD 5 mm CPTCI 1H-
g PULPROG 2930
D 65536
\i/ g SOLVENT €DC13
NS 8
DS 2
SWH 10330.578 Hz
\f FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 1.3
DW 48.400 usec
DE .00 usec
TE 300.0 K
D1 1.00000000 sec
MCREST 0.00000000 sec
| MCWRK 0.01500000 sec
CHANNEL £1
° o NUC1 1H
Pl 8.00 usec
H PL1 4.30 dB
d J SFO1 500.1335009 MHz
F2 - Processing parameters
_\ ST 32768
SF 500.1300137 MHz
WDW EM
$SB 0
LB 0.30 Hz
GB [
HZO a PC 1.00
Ar {_L\
i f b
h ck
y U SR
T T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
D O[0|r=|N (w0 [ee] O[O|N MN(D] [D[W] [W[r= (W[N] O] O] N[O | D[ D[ CN| 0O
ce(eee (wv| || b s et =[] NN [N R SN Py e L
AN|v=|N|N|=< O - || |N(M] |O[0] |ON[N]|v=|v=|N|LON|¥v|O]CO|O DL
-
O ADOD~ANOONNNMOO T OISO~ O SO0 M~
NCOON R NNOMMEOADNNNHANNN N EDONHO~CONNEOAVNVONETONNNRANNNMON TN AN O®HAND T ®
L e M NS RO RN T HTMA OO HOAN M A NO®~WOWN
OO H A HIOO0CO AN NN A A A AOONN NSO T TOONMIN + ¢+ o+ o v oo v v o L TR T T TOT T
SO N N RE R RO NMOMOMOMMMOENNNNNNNNNNNN OO0 NN ONNNSNNNMHMNNT Mo O®®~~ NG o~ ~ Current Data Parameters
NRAAAAAAAA A A A A A A A A A A A A A A A A A A A A O®O~R~OODDDLNDDOBDMOM®06HNNNNN o oo o NAME KR-1-169
EXPNO 2
F2 - Acquisition Parameters
Date_ 20130708
ime 10.28
INSTRUM DRX500
PROBHD 5 mm CPTCI 1H-
PULPROG 2gpg30
D 71424
SOLVENT €DCl3
NS 1283
DS 4
SWH 35211.270 Hz
FIDRES 0.492989 Hz
AQ 1.0142708 sec
RG 096
DW 14.200 usec
o) DE 35.00 usec
- TE 300.0 K
D1 2.00000000 sec
d11 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
o fo) MCWRK 0.01500000 sec
m==mm=m= CHANNEL f] ========
NUC 13c
Pl 12.00 usec
PL1 0.30 dB
SFO1 125.7716224 MHz
CHANNEL £2 =
waltz16
1H
80.00 usec
5.00 dB
22.00 dB
27.90 dB
SFO2 500.1320005 MHz
F2 - Processing parameters
ST 65536
SF 125.7577939 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
“ PC 1.40
L A | | | | | “
" - e oo

T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

T T T T T
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(2]

a
Z
=
=

=3
o

oQ

AN NONOANFTNOFNMNOWOWTOMWOWHODOFFTNOLOFAIAHONUVFETOVONDTTOOTODNDMMOND
PR OONONINMNAON AR OOV ANAREVLONCODNTITNARNANOPOO T TN O ©
CO0COMULITNMNNONANNNTIITITITTITTANSNOAIAITANNAACOEEETEFONNNAAAAAAAT TN O Current Data Parameters
CEO®ONN SN TTITITTTITOOANNNANNNANNNNANNNANNANNNNNNNAAOOO OO 2‘;’;30 Le"amneadd'{“
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130702
Time 19.55
INSTRUM DRX500
PROBHD 5 mm CPTCI 1H-
PULPROG 2930
5 TD 65536
5 SOLVENT cDC13
NS 8
DS 2
b 2 SWH 10330.578 Hz
h o FIDRES 0.157632 Hz
H AQ 3.1719923 sec
(o) Pd\jé/Jlx d RG 11.
Y . N ¢ "COOMe DW 48.400 usec
Ef H DE 6.00 usec
g o] T TE 300.0 K
o>s /) D1 1.00000000 sec
MCREST 0.00000000 sec
0 MCWRK 0.01500000 sec
CHANNEL f1
NUC1 1H
Pl 8.00 usec
PL1 4.30 dB
SFO1 500.1335009 MHz

F2 - Processing parameters

S14

SI 3276
SF 500.1300137 MHz
WDW EM
. SSB 0
J LB 0.30 Hz
GB o
PC 1.40
a
Ar
| i I_L\ ce f (—L\ b J
AN
T T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
n DD Q| (@ ol N (<t )| © (= f-]
b I O B B 2= <= < IZQF; ] et (e < <
R ad =|v=|v=| = ol O Lol || Olr|MmN (-] ©
oo ©m o~ o® CWVM O N®©
Sm A~ ~~o0o o w© BWONOO SN MOOOTOVT NOWM CTOOTDOOWOM N
. .. .o MANOSMH OO0 —HOMSMONT N ®OONO WO Current Data Parameters
8z 9 SE22 28 99323835 SrEreRe FraN MOOG®me e e e~  NAWME  tetralone adduct
NN A e — HeA A A @RS OVY DONL OOOONNNNN A EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130702
ime 20.07
INSTRUM DRX500
PROBHD 5 mm CPTCI 1H-
PULPROG 2gpg30
TD 71424
SOLVENT CDC13
NS 2324
Ds 4
SWH 35211.270 Hz
FIDRES 0.492989 Hz
AQ 1.0142708 sec
RG 4096
DW 14.200 usec
DE 35.00 usec
TE 300.0 K
0 D1l 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL £1
NUC1
Pl 12.00 usec
PL1 0.30
SFO1 125.7716224 MHz
CHANNEL f2
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 5.00 dB
PL12 22.00 dB
PL13 27.90 dB
SFO2 500.1320005 MHz
F2 - Processing parameters
SI 6
SF 125.7577955 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.00
T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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0.942
0.928

Current Dats Parsmetsra
Xaxx KR-11-

.. EXPNO 1
PROCND 1
¥2 - Acguizition Paramters
Date_ - 20150328
Tize 16.30
INSTRUM apect
PROGED 5 mm CPICI 18-
ruLrRoc 2930
= a3
SOLVENT cocll
X3 16
o3 2
e 10000.000 =z
rIoREs 0.152588 =z
AR 3.2760%% »
o 30.2¢
o 50.000 usec
oK 25.00 usec
™ 300.0 x
01 1.000000CC sec
™00 1

CRANKEL §1 s e

rot $00.1330885 ez
wcL 1R
L2 §.00 usec
riml 4.30000019 w
¥2 - Procexsing peramters
1 €553¢
= $00.1300122 sz
wom =
s58
L 0.30 ==
ca
e 1.00

9.5

_—192.82
T~-192.05

T T T T T T
90 85 80 75 7.0 65

- © Tr-O--O
-~ © oA ®OO
- w NeMMOO
-~ w MMM A®
el o ek ek ekakal

T T T T T T T
55 50 45 40 35 3.0 25

fl-\ (a /h 3
oo @ | |
=i ] dlle

Nwnow Tnr e
MmNO~ ownro
oW @~ ™ol
@~~~ R

<

1.02-

28.27
28.22

—30.98

_33.31
~

1 I I I
1.5 1.0 05 ppm

Csrrent Dats FParamsters
XR-11-31
.

1

14.40
apect.
5 mm CPTCT 18-
2qpa30
43336
@c13

3516
4

10101

12.00
T €2.00000000

29761.904 m:2
434131 Bz

wrec

S15



'"H & 3C NMR of 8i

HOT AT NOANDO VOVOWAHANOOOVONTVWTNVOOITAHOMWLONHOOANMODOT
WWOWWYWOWr WMWY WAO~VOVNALO~TOCOTVWITOFNDTNALHONOAHONS O
OOV T T TN DI ITTONOOONATDNANANNOVMOWMMOONNNNHA®T TN
ol vl sl o]l ol ol ol ol g VLI IIIIITTITITITONNNNNNNNNNNNNNNAAAOOO
X
\T/ ULPROG
o0__0O b 2@
h o]
N e L d
N~ ¢c'CO,Me
f Hi
~
S
. 000
J 00000
]
a
ll Ji T
A A |
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
o) ([ © ) o fcoTst| S N[ =) o] [z
HIERE < oe(ee|e o= = S| |9
ail |+ =] - cle - ol lol
o N o ao
Q % P N 0o w NN 0w ~wo
. R . . —“NO~ nmo NOo O o w rent Data Parameters
“ e & ® joan Sy
2 =R 8 S o <o Cwow  ©n e
2 g a SN FRNINS A Amea oo
CO,Me
300.0
~g 2.00000000
0.03000000
1.89999998
000000000
0.01500000
(e}
22100 dB
27.90 dB
20005 Mz
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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mr—
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0

THENT OO NNV TANTTNATOTLTADOOLOATTAOTTTOOANNDNDOA
N O MO TONOE OIS ACTTNAODONTOTONAONANNDOOMOA T O
DT TN A LTI TTNNOCONAATTNNTNDOOONNNAAATTTAADND Current Data Parameters
O T Sl S S i S e A e e e AL S R BT S g vy p-C1PhCF3adduct
Lol el VT ITITITITIITITTONONNANNNNNNNNNNNNNAAAA—AOO EXPNO 1
PRCCNO 1
F2 - Acquisition Parameters
Date_ 20130624
i 17.35
INSTRUM DRX500
PROBHD 5 mm CPTCI 1H-
PULPROG 2930
g D 65536
g SOLVENT CDC13
NS 8
Ds 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
0.__0 b -2 AQ 3.1719923 sec
RG .
h\f 0 DW 48.400 usec
HN DE 6.00 usec
TE 300.0 K
H €'COMe D1 1.00000000 sec
Cl i MCREST 0.00000000 sec
S MCWRK 0.01500000 sec
j ======== CHANNEL fl ========
NUC1 1H
P1 8.00 usec
o} PLL 4.30
SFO1 500.1335009 MHz
d F2 - Processing parameters
SI 32768
SF 500.1300137 MHz
WDW EM
SSB 0
LB 0.30 Hz
a GB 0
PC 1.00
i h ce
A lA_)lL I
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
< | <t =] = =159} o n
el (2R @ i e B D1 4] el (2
ol laille (=] ~lololc|m olo ol lo
~ oo - o vemw
) oS o A bao ~vown o~ o cosn ow
. .. . . R NNO~ =N e - N o0 Current Data Parameters
S =R 3 ¢ a8 onnw ~ oo SToE  ®~ NAME P-ClPhCF3adduct
— e — - o @SS~ 0 nn MmO MmN e EXPNO 2
PROCNO 1
| |/ Wl T e
Date_ 20130624
Time 18.38
INSTRUM DRX500
PROBHD 5 mm CPTCI 1H-
PULPROG zgpg30
™D 71424
SOLVENT €DpCl3
NS 2535
DS 4
EWH 35211.270 Hz
FIDRES 0.492989 Hz
AQ 1.0142708 sec
G 409
DW 14.200 usec
COMe DE 35.00 usec
TE 300.0 X
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL f1
NUC1 13c
Pl 12.00 usec
PL1 0.30 dB
sFo1 125.7716224 MHz
CHANNEL f£2
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 5.00 dB
PL12 22.00 dB
PL13 27.90 dB
SFO2 500.1320005 MHz
F2 - Processing parameters
sI 65536
SF 125.7577939 MHz
WOW EM
§SB 0
LB 1.00 Hz
GB o
pC 1.40
| L l l L
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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NN~ OOO Mmoo~~~ oO HOLVMNMNAHDMNONNNTOONVODAONOMOA
@M~ OO T T O Oy~ 0w ONDN-H N~ O DOOWONAONOVOWT WYY
SOV ONA oTTTTMN AN O~TOONDN WOONNNNADODTTTNNNN Current Data Parameters
e e e o o o o e e seieee e ee e e e T T e e e e A ThiopheneCF3adduct
NN~~~ ~~ VITITTTTITTONMNNMONNNNNNNNNNNNAAAAAOOO  ypy 1
PROCNO 1
- Acquisition Parameters
20130622
S 14.37
TRUM DRX500
ROBHD 5 mm CPTCI 1H-
PULPROG 2930
g g ™ 65536
SOLVENT cDC13
NS e
Ds 2
a SWH 10330.578 Hz
0._0O o b 0.157632 Hz
. sec
h 3.1719923
HN_e 28.5
N~ ¢ M 48.400 usec
H COz e 6.00 usec
2 300.0
'\s ! 1.00000000 sec
| MCREST 0.00000000 sec
s i MCWRK 0.01500000 sec
- CHANNEL f1
(0]
8.00 usec
4.30 dB
d 500.1335009 MHz
F2 - Processing parameters
sI 27
SF 500.1300140 Miz
WOW EM
ssB [}
LB 0.30 Hz
G3 0
a pC 1.00
I ih " N b b
N ML lL
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
[=1'2) N (=] [ ~
28| [3= 2 =288 (88 (8 g |3
el =l - el oclo =] ol |o
- o o~ © ao
b o % 5 N ®e® oo © oo coo~ oo
. .. . . .. NNO I~ nmo ~oNON o w Current Data Parameters
3 =R ! § 3al oNsw ~oa @now® e~ NAME ThiopheneCF3adduct
- e - - et @~~~ w0 nn Mmm MmN e EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130622
Time 14.48
INSTRUM DRX500
PROBHD 5 mm CPTCI 1H-
PULPROG 2gpg30
™ 71424
SOLVENT cpcl3
NS 1710
Ds 4
SWH 35211.270 Hz
FIDRES 0.492989 Hz
AQ 1.0142708 sec
RG 4096
oW 14.200 usec
DE 35.00 usec
CO,Me TE 300.0 X
D1 2.00000000 sec
d11 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL £1
NuC1 13¢
P1 12.00 usec
PLL 0.30 dB
SFO1 125.7716224 Miz
CHANNEL f2
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 5.00 dB
PL12 22.00 dB
PL13 27.90 dB
SFO2 500.1320005 MHz
F2 - Processing parameters
sI 65536
SF 125.7577928 Mz
WOW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
] I 1) .
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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Current Data Parameters
NAME

NaphCF3adduct
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130624
Time 19.58
INSTRUM DRX500
PROBHD 5 mm CPTCI 1H-
PULPROG 2930
TD 65536
SOLVENT CDC13
NS 8
Ds 2
SWH 10330.578 Hz
FIDRES 0.157632 Hz
AQ 3.1719923 sec
RG 10.1
DW 48.400 usec
DE 6.00 usec
TE 300.0 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

CHANNEL f1

4.30
500.1335009 MHz

F2 - Processing parameters

SI 32768

SF 500.1300134 MHz
WDW EM

SSB ]

LB 0.30 Hz
GB ]

PC 1.00

f
WM N .

©
o -
~ -
(-]
3]
& -
w -
N

ppm
(=] [-=1f=3p=% ~ [=13E=1131 5 |- o o (=]
212|222 ® ] e 22 ] - = (=
(=] [N| [ |O| o Rl (=] | Aol (-] ©

w N ™ OWONWHNWD®

o~ ® < w MO TOWOWOOWSNC Anow ™ ® AN~ T o o ~

. .. . LRI LI —“NOo~ nmo MmMOoOoONO o v Current Data Parameters

2 og 2 ANNSIssRSS JRIRIY Rt BAceE @ NAME  NaphCF3adduct

- e - ot e e e e e e e e @SS~ n o0 MmMMmMmNN — EXPNO 2
PROCNO 1

U N\ Wl T e
Date_ 20130624
Time 21.29
INSTRUM DRX500
PROBHD 5 mm CPTCI 1H-
PULPROG 2gpg30
™ 71424
SOLVENT cDCl3
NS 1716
DS 4
SWH 35211.270 Hz
FIDRES 0.492989 Hz
AQ 1.0142708 sec
RG 096
DW 14.200 usec
DE 35.00 usec
CO;Me TE 300.0 X

D1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
-------- CHANNEL f]l wewswwew
NUC1 1
Pl 12.00 usec
PL1 0.30 dB
sFo1 125.7716224 MHz
wwwswwww CHANNEL {2 wewsewew
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 100 d8
PL12 22.00 dB
PL13 27.90 dn
sFO2 500.1320005 MHz
F2 - Processing parameters
F:3 4 65536
sF 125.7577960 Miz
WDW EM
SSB [
LB 1.00 Hz
GB 0
PC 1.40

L 1. | L

T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 ppm
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ANOTHAOMYWPOMHDINATEVYWOAIDDTTOCANHIOMNOOVONMNMNOOVWVWOVITANNN®TOT
NOPDOOINVOAHANAITTITMNONXFORONTNANHADAOACRMNANNHONOWITNO DO N®
TONAANNROFFANNNAAAAODNITTITTNAAONTLOONANANANWONNNNNHOTITITNHNODOO®O® Current Data Parameters
e e 4 e s s a4 e s 4 e 4 e a4 e s s e 4 e 4 e s s 4 4 4 4 4 e 4 e a4 s w4 s e 4 e w e w4 e s 4 e 4 s s e s & NAME KR-1-161
OSSNSO ITIITITITITTONNNNANNNNNNNNNNNNAAAAAAOOO OO pypno 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130626
Time 18.06
INSTRUM DRX500
PROBHD S5 mm CPTCI 1H-
PULPROG zg30
65536
g g SOLVENT CDC13
NS 8
Ds 2
b_a SWH 10330.578 Hz
FIDRES ©.157632 Hz
AQ 3.1719923 sec
d RG 10.1
e DW 48.400 usec
” c COZMe DE 6.00 usec
i TE 300.0 K
D1 1.0000000C sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL £1
NUC1 1H
Pl 8.00 usec
PL1 4.30 dB
SFO1 500.1335009 MHz
k d F2 - Processing parameters
SI 68
a SF 500.1300137 MHz
WDW EM
SSB o
LB 0.30 Hz
GB 0
PC 1.00
i
Ar Ar
f_‘_\ f_‘_\ ‘N
J JJ h \l A f b uo0
1/ A NS TR WA
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
M| [QW| =[] [=2] (2|0 oL ] ! ©
b e B e B B =1 eeez(e |22 e bt B ot
| lv=lv=lr]vr=|v=]| o = Olv=r|Mmm | - o ©
= - <« w o« amwemo~~ n
=3 ® 0 S w DENDD N ®® ~ wnow N oW THmne a0
3 (i 3] Lannnae% . oD~ wemo NHAN®R A Current Data Parameters
w ~o o w Mo oM~ S A w TR LaN SN KR-1-161
S = © @ 0BG NN N < or~w = ooy ©0C DD ©~ 2
— - o e e e - @~~~ AW e NN e EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130626
T4 18.22
INSTRUM RX500
PROBHD 5 mm CPTCI 1M-
PULPROG zgpg30
™ 7142
SOLVENT cpels
NS 1959
4
35211.270 Hz
0.492989 Hz
42708 sec
4096
14.200 usec
35.00 usgec
N~ “CO,Me 300.0 ¥
2.00000000 sec
0.03000000 sec
1.89999998 sec
0.00000000 sec
0.01500000 sec
Nucl 3c
Pl 12.00 usec
PL1 0.3
SFO1 125.7716224 Muz
wemmmwsw CHANNEL f2 wewwwws -
CPDPRG2 waltzlé
Nuc2 1M
PCPD2 80.00 uszec
PL2 5.00 d»
PL12 22.00 dB
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Spectrophotometric Determination of Carbon Acid Ionization Constants. A
buffer containing glycine, sodium acetate, and sodium phosphate (all 50 mM, final
concentrations) was prepared in distillied, deionized H,O. Portions of the buffer were
prepared at pH 3 and pH 13, and at half pH unit intervals between. UV-vis measurements
were made at room temperature (23 + 2°C). The approximate ionic strength of the buffer
was 0.2 M (that due to buffer component contributions). Concentrated stock solutions of
the carbon acids were prepared in DMSO (typically 1-10 mM) and stored at —20 "C until
used. Because molar absorptivity may vary greatly as a function of molecular structure,
final concentrations of carbon acids suitable for use in the spectrophotometer were
determined separately for each molecule, but typically ranged from 50 — 250 pM.

In order to determine which carbon acid UV-Vis absorption maxima might be
suitable for use in pK, determination, we first examined the absorption spectra of a fixed
concentration of carbon acid at the pH extremes (3 and 13), and looked for spectral
changes as a function of pH. Generally, spectral peaks were blue-shifted and/or attenuated
upon acidification (at pH 3), relative to those appearing at pH 13, consistent with anions
being the relevant absorbing species. Having thus determined suitable concentrations of
carbon acids and the associated wavelength(s) to monitor during titration experiments,
fixed concentrations of each carbon acid were introduced to each buffer (pH 3 to 13),
briefly allowed to equilibrate, and the pH—dependent spectral peak intensities recorded. In
each case, the final composition of the mixture assayed in the cuvette was 4% DMSO in
buffer (v/v; 40 uL carbon acid in DMSO, 960 pL buffer). Finally, absorption at Amax for
the wavelengths monitored was plotted as a function of pH, and the pK, determined by

fitting to the equation:

(Amax — 14min)
o = o 4 g
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where Ain, Amax, and A,y are the absorbances at the pH minimum (pH 3), maximum pH
(pH 13), and intermediate pH values, respectively, at the wavelength being monitored for
a given carbon acid (Figure 4B). To validate both the solvent system employed (aqueous
buffer components + 4% DMSO, pn = 0.2 M) and the method used in data analysis, a set of
benchmark carbon acids and heteroatom-based acids of known aqueous pK, were
examined, and the ionization constants determined in our hands matched excellently those

reported in the literature, determined by various means.

Spectrophotometric determination of acid dissociation constants over a pH range 3-

13.
1.2 1 Aningzz) 0014
Amax(322) 0.894
2 S PKagz) 5992 322 nm
< <
0] =
Q
8 [S]
£ g
6 el
2 —_
< 3
=« Q
<

T T T T
240 260 280 300 320 340 360 380

Wavelength (nm)

Figure S1. Spectrophotometric determination of carbon acid ionization constants.
A. To 960 pL samples of "universal buffer" pH 3 — 13 (see text) were added 40 pL of 1.25
mM compound H in dmso to final concentration 50 pM. The solution was briefly allowed
to equilibrate and the absorption spectrum versus buffer blank recorded. B. The
absorbances of spectral peaks that varied as a function of pH were plotted versus the
corresponding pH and the data fitted to afford the apparent pK,.
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Carbon acid pK, determination: titrimetric data and associated fits.
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Benchmark set for pK, determination methodology: all pK, values

determined in this work, listed below as "pK, (det.)", were determined using the

methodology detailed in the Methods section of the manuscript.
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4.5 462 ®Mofaddel, N., et al. Anal. Biochem. (2004), 380, 664-68
cCline, G. W. J. Org. Chem. (1988), 53, 3583-3586
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Development of Assay Methodology for the Selective Detection of Sulfenyl
Amide via Spectrophotometry. In order to follow the reaction of diketones with 4
spectrophotometrically, we first prepared the colorimetric reagent 2-nitro-5-
sulfanylbenzoic acid (TNB, Abssionm in aqueous media). Synthesis of TNB was
accomplished by reduction of Ellman's reagent (5,5'-dithiobis(2-nitrobenzoic acid)) with 8
equiv of cysteamine hydrochloride in water brought to pH 8 with NaHCOs. The reaction
was stirred at room temperature for 2 h, acidified to pH 1 with 12 M HCI, and then
extracted with ethyl acetate. The organic extract was dried over Na;SOs, filtered, the
solvent removed by rotary evaporation to afford pure TNB as an orange solid. NMR
spectral data matched that previously reported in the literature.’

We determined that TNB reacts selectively and stoichiometrically (1:1) with 4;
that is, loss of absorbance at 410 nm from a solution of TNB was observed upon addition
of sulfenyl amide to the solution, but not when disulfides such as 2-mercaptoethanol
disulfide or thioethers such as 8a were added (Supporting Information). Stoichiometric
(1:1) reaction of TNB with 4 suggests the process proceeds to the mixed disulfide, but
further reduction of the mixed disulfide to the cysteine dipeptide 7, accompanied by
formation of DTNB, does not occur. Failure of TNB to fully reduce 4 to 7 is in agreement
with precedented thiol-disulfide reaction equilibria involving low-pK, aryl thiols, wherein
equilibrium heavily favors the free aryl thiol.” Thus, we established that (a) the assay
reading (Absajo) changes solely as a function of concentration of 4 in solution, in 1:1
fashion, and (b) that instrument response is linearly dependent on analyte (4)
concentration within the concentration regime considered. Accordingly, the assay

employed a slight molar excess (1.25 equiv) of TNB over sulfenyl amide.
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A concentrated stock of TNB (50 mM) in ethanol was prepared and stored at —20
°C until use. During use, the solution was stored on ice. When handled this way, the
stock thiol was found to be stable for weeks (no appreciable loss of Abssjo at a fixed
concentration of TNB). Note: DMSO was found to be unsuitable for storage of TNB, as
the solution rapidly decolored, presumably due to DMSO-mediated oxidation of TNB to
colorless DTNB.* Stock solutions of all carbon nucleophiles and of the sulfenyl amide
were prepared in DMSO and stored at —20 °C before use.

Determination of Rate Constants for Reaction of 1,3-Diketo Nucleophiles with
the Model Sulfenyl Amide. Approximately 10 min prior to the start of the assay, an
aliquot (1-120 pL) of concentrated stock (250-500 mM) of carbon nucleophile in DMSO
was added to the reaction buffer (1:1 methanol:buffer B — 50 mM Tris, 50 mM Bis-Tris,
10 mM DTPA, 100 mM NaOAc, pH 7.0, 11.88 mL total volume). To this solution was
added additional DMSO, as needed, to bring the final volume of the reaction buffer to
12.0 mL total (1% DMSO v/v, final). This afforded final diketone nucleophile
concentrations of 500 pM—5 mM. The 10 min pre-incubation period was intended to allow
for ionization of the carbon acid to proceed toward equilibrium.” Following the pre-
incubation period, 2 mL of the mixture (now containing diketone), were removed and set
aside for determination of initial (A,) and endpoint (A.) measurements for the reaction.

Assay buffer solutions were prepared via addition of 10 pL of TNB (50 mM) in
ethanol to 1990 pL of Buffer C (500 mM sodium acetate, 100 mM Bis-Tris, 75 mM
DTPA, pH 5.0), affording 2 mL final volume and 250 uM TNB final concentration. The 2
mL of assay buffer solutions were subsequently divided into nine 200 pL aliquots and
stored on ice until used; 7 aliquots were dedicated to reaction kinetics time point

measurements, and the last 2 to endpoint determinations (A, and A.., vide supra).
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To the remaining 10 mL of reaction buffer were added 10 pL of the model sulfenyl
amide (50 mM in DMSO), to give a final concentration of 50 uM. Immediately upon
introduction of the 4 to the reaction mixture, a timer was started and aliquots (800 pL)
were periodically removed from the reaction mixture and assayed for remaining
(unreacted) 4 by dilution into ready-made 200 pL aliquots of assay buffer containing TNB
(vide supra). Reaction progress was typically assayed at 0.5, 1, 2, 3.5, 5, §, and 11 min
time points. The assay mixture, strongly buffered at pH 5, permitted simultaneous
quenching of the enolate-4 reaction and quantitative measurement of unreacted 4.° The
quenched time point mixtures (1 mL total; 800 pL reaction mixture, 200 pL assay buffer +
TNB) afforded 50 uM TNB and 40 uM 4 formal concentrations (final). Prior to
measuring Abss;o of these samples, they were allowed to thermally equilibrate by standing
at room temperature for 5-10 min. The Absasjo at time zero (A,) and infinite time (A)
were determined separately by preparation of two independent endpoint samples; 800 puL
of the set-aside 2 mL of reaction mixture were added to 200 pL assay buffer (done for two
samples). Then, to the initial reading sample (A,), 0.8 uL of DMSO were added, and to
the endpoint sample (Ax) 0.8 pL of 4 (50 mM) in DMSO were added. Use of these
samples for determination of A, and A account for any contribution the diketone/enolate
might have to Absajo.

Plots of Abs1p with respect to reaction time afforded monophasic rising curves,
consistent with consumption of 4 by the carbon nucleophiles. Because the concentration
of carbon nucleophile in the kinetics experiment was at least 10-fold higher than that of 4,

the data were analyzed using pseudo first-order kinetics by fitting to the equation:

A =[(4,-A4)xe" ]+ 4

00
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where A,, A., and A, are the Abssjo initially, finally, and intermediately during the
reaction, and k,, is the pseudo first-order rate constant for reaction at a given concentration
of carbon nucleophile. Note that the expression above is merely a rearranged form of the

equation that describes any (pseudo) first-order process:

Indeed, first-order kinetic models fit the data quite well, and plotting the observed
pseudo first-order rate constants versus concentration of the carbon nucleophile in excess
afforded a straight line passing through the origin. This result is consistent with a simple
bimolecular process being involved in the rate-determining step, described by rate law:

_d[S4] __ d[P]

Rate = == = [SATN]

where ko, 1s the second-order rate constant (also referred to as kiqap herein), and
[SA], [P], and [Nu] are the concentrations of 4, product thioether, and enolate nucleophile,

respectively.
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Kinetics data: determination of rate constants for reaction of carbon nucleophile
with model sulfenyl amide via TNB assay methodology, associated fitting to Kinetic

data, and determination of reaction order with respect to various carbon

nucleophiles.
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TNB assay methodology development and "calibration': determination of
instrument response, reaction selectivity, and stoichiometry of the assay.

Sulfenyl amide TNB + sulfenyl

alone amide
TNB alone

m, A

(TNB-SSR)

/

Figure S2. An equimolar concentration of the model sulfenyl amide to the TNB™ ion
under the TNB assay conditions completely converts TNB~ to TNB-SSR. To 1:1 MeOH :
pH 5 Buffer C, 50 uM sulfenyl amide or 50 uM TNB™ were added (leftmost and rightmost
traces/peaks, respectively). The absorption spectra reveal that TNB? absorbs strongly at
410 nm in the assay mixture and that the sulfenyl amide contributes no appreciable
absorbance at this wavelength. When 50 pM sulfenyl amide was added to an assay
mixture containing 50 uM TNB™, immediate loss in yellow color of the solution (due to
Ay of the TNB™ ion) was observed; the absorption spectrum of the resulting mixture
reveals strong absorbance at 325 nm, consistent with TNB-disulfide formation. Because of
the reaction stoichiometry, it may be safely assumed the disulfide is a mixed disulfide of
the TNB thiol and sulfenyl amide sulfur. Importantly, the mixed disulfide does not
contribute to A4io.
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Overlapping traces: (1) 100 uM TNB (formal conc.; partially
oxidized) at pH 5, (2) 100 uM TNB + 25 uM model sulfenyl amide
synthetic precursor disulfide, (3) 100 uM TNB + 25 uM 2-
mercaptoethanol disulfide, (4) 100 uM TNB + 25 uM reduced
sulfenyl amide (corresponding tripeptide thiol)

Decrease in A4, is observed only upon
addition of 25 uM sulfenyl amide to 100
uM TNB.

DTNB/
TNB-SSR

Figure S3. Determination of selectivity of the TNB assay to other potentially-interfering
redox-active species. Oxidation of TNB? (to TNB-SSR or DTNB) was observed only
upon addition of sulfenyl amide to the mixture; neither the disulfide synthetic precursor to
the sulfenyl amide (see synthetic route), nor B-mercaptoethanol disulfide effected
conversion of TNB™ to the corresponding mixed disulfide (final concentrations indicated
in Figure; all spectra collected in 1:1 MeOH : pH 5 Buffer C). Additionally, addition of
thiol agent (the thiol corresponding to fully-reduced sulfenyl amide) did not convert any
DTNB present to the TNB™ ion. Finally, only the addition of sulfenyl amide (25 pM)
afforded a decrease in A4, corresponding to the conversion of TNB™ to the TNB-model
sulfenyl amide mixed disulfide ("TNB-SSR").
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Figure S4. Determination of reaction stoichiometry between theTNB™ ion and the model
sulfenyl amide under the assay conditions employed (1:1 MeOH : Buffer C, pH 5.0). A.
To a 1 mL solution of 1:1 MeOH : Buffer C containing 100 pM TNB™ (formal conc.;
partially oxidized by air) were added aliquots (2 puL) of 5 mM sulfenyl amide in dmso,
from 0 uM to 70 uM, final. As sulfenyl amide was titrated in, A4;o smoothly decreased
with concomitant increase in Asps, corresponding to conversion of TNB to the TNB-
model sulfenyl amide mixed disulfide ("TNB-SSR"). B. A plot of the absorbences at 410
nm versus molar concentration of the sulfenyl amide titrated in affords excellent linear
correlation with a slope of -9514. In a separate experiment, wherein TNB? was
maintained in fully reduced form by the presence of an excess (2 equiv) of known thiol-
reducing agent TCEP (tris(2-carboxyethyl)phosphine), the approximate extinction
coefficient of the TNB™ ion under these conditions was found to be ~ 9538 M cm™.
Thus, using the established extinction coefficient and slope of the line relating [TNB?] to
molar concentration of sulfenyl amide titrated in, we find that the reaction proceeds
stoichiometrically (1:1, as d[TNB™?]/d[SA] = 1.0, inset in panel B). Furthermore, because
instrument response is linear with respect to [SA], monitoring A4 is a suitable means by
which to track [SA] in kinetics experiments under these conditions.
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Figure SS. The "TNB assay" is robust with respect to presence or absence of organic
cosolvent (methanol) and pH of the assay mixture. Essentially identical methodology to
that described above in sulfenyl amide titrations was used here to determine instrument
response to increasing concentrations of secondary analyte (sulfenyl amide). A. Increasing
concentrations of sulfenyl amide were titrated into a solution of TNB™ in pure aqueous
buffer, pH 5.0 (Buffer C). Excellent linear dependence of instrument response on molar
concentration is observed in the absence of organic cosolvent (methanol). B. Again,
excellent linear dependence of A4jp on molar concentration of sulfenyl amide is observed
when the assay solution pH is changed (1:1 MeOH : Buffer B (see text)). Note that the
extinction coefficient is undoubtedly larger at pH 7, relative to that at pH 5 (due to an
increased fraction of TNB thiolate at higher pH); hence the increased negative slope at pH
7 relative to that at pH 5.
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Figure S6. Thioether products and carbon nucleophiles do not interfere with the TNB
assay. A. To confirm the sulfide products formed during kinetics experiments would not
react with the TNB™ ion, to a solution of 100 pM TNB™ in 1:1 MeOH : Buffer C
("standard assay conditions") was added product 8a to a final concentration of 100 pM
and allowed to stand for 5 minutes. No change in A4 resulted from introduction of the
sulfide product. B. Because kinetics assays were performed under pseudo first-order
conditions (large molar excess of carbon nucleophile to sulfenyl amide), confirmation of
lack of cross-reactivity was crucial. Namely, in principle, carbon nucleophiles could attack
electrophilic disulfides (such as TNB-SSR or DTNB), releasing chromaphoric TNB™,
However, when dimedone (D, 1 mM final concentration) was added to a solution of 100
uM DTNB (the disulfide of TNB?) in 1:1 MeOH : Buffer C and allowed to stand for 2
minutes, no release of TNB™ (at A410) was observed, confirming the "inertness" of excess
nucleophilic carbon acid to the TNB assay under the conditions employed.
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