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I. NMR Spectra
Impurities present in the following spectra were assigned based on literature precedent.'

'H NMR 4-(1H-imidazol-2-yl)-N,N-dimethylbenzamide (CD,Cl,, 500 MHz)
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5C NMR 4-(1H-imidazol-2-y1)-N,N-dimethylbenzamide (CD-Cl,, 126 MHz)
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'"H NMR 4-(1H-imidazol-2-yl)-N,N-dibutylbenzamide (CD,CL, 500 MHz)
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13C NMR 4-(1H-imidazol-2-yl)-N,N-dibutylbenzamide (CD,Cl,, 126 MHz)

< wW—OY W
) — O © NN NW T NTMO
— OMN— OML NO O~ — 0
~ T Mmoo oY QOO0 O M
~— [t R R P A T MM~
\ A AN PE Vs~
|
! 1
: v , ' : , ' v ; ' v : ' , : ' v : . v v ' .
210 200 150 180 170 160 150 140 130 120 uof(wo)eo o e SO 4 0 20 10 0 -10
1 (ppm

S3



'H NMR (4-(1H-imidazol-2-yl)phenyl)(piperidin-1-yl)methanone (CD-Cl>, 500 MHz)
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'H NMR 2-(3,5-bis(trifluoromethyl)phenyl)-1H-imidazole ((CD;),SO, 500 MHz)
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F NMR 2-(3,5-bis(trifluoromethyl)phenyl)-1H-imidazole ((CDs),SO, 471 MHz)

-61.55

.................................................

S5



3C NMR 2-(3,5-bis(trifluoromethyl)phenyl)-1H-imidazole ((CDs),SO, 126 MHz)
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F NMR Na[IMP-CF;] (CD:Cl,, 471 MHz)
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"B NMR Na[IMP-CF;] (CD.Cl,, 161 MHz)
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3C NMR Na[IMP-CF;] (CD.Cl,, 126 MHz)
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F NMR Na[IMP-NO;] (CD-Cl,, 376 MHz)
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"B NMR Na[IMP-NO;] (CD-Cl, 161 MHz)
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5C NMR Na[IMP-NO;] (CD:Cl, 126 MHz)
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'H NMR Na[IMP-CO:Me] (CD,Cl,, 500 MHz)
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F NMR Na[IMP-CO;Me]| (CD-Cl,, 471 MHz)
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"B NMR Na[IMP-CO;Me] (CD,Cl,, 161 MHz)
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C NMR Na[IMP-CO;Me] (CD:Cl,, 126 MHz)
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F NMR Na[BIMP] (CD,Cl,, 376 MHz)

T T T

r T
20 -30 -40 -50 -60 70 <0 S0 4100 110 -120  -130  -140  -150  -160
f1 (ppm)

"B NMR Na[BIMP] (CD-Cl,, 161 MHz)
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13C NMR Na[BIMP] (CD,Cl,, 126 MHz)
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'H NMR Na[IMP-DMA] (CD-CL, 500 MHz)
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F NMR Na[IMP-DMA] (CD,Cl,, 471 MHz)
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3C NMR Na[IMP-DMA|] (CD,Cl,, 126 MHz)
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'"H NMR Na[IMP-CH,OH] (CD:Cl,, 500 MHz)
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F NMR Na[IMP-CH;OH] (CD,Cl,, 471 MHz)
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13C NMR Na[IMP-CH;OH] (CDCl,, 126 MHz)
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'H NMR Na[IMP-CH,N(Me),] (CD,Cl,, 500 MHz)
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F NMR Na[IMP-CH,N(Me),] (CD,Cl,, 471 MHz)
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"B NMR Na[IMP-CH;N(Me),] (CD>Cl,, 161 MHz)
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3C NMR Na[IMP-CH;N(Me),] (CD>Cl,, 126 MHz)

—128.95
—44.38
22.74

THF

THF

0 A0 R AN g i

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 ¢ (100 ) 0 80 70 0 50 40 30 20 10 0 -10
1 (ppm

'"H NMR Na[IMP-DBA] (CD,CL, 500 MHz)
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F NMR Na[IMP-DBA| (CD-Cl,, 471 MHz)
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3C NMR Na[IMP-DBA] (CD,Cl,, 126 MHz)
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F NMR Na[IMP-pipA] (CD:Cl,, 471 MHz)
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3C NMR Na[IMP-pipA] (CD,Cl,, 126 MHz)
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F NMR Na[IMP-(CF3);] (CD>Cl,, 376 MHz)
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3C NMR Na[IMP-(CF3),] (CD,Cl,, 126 MHz)

THF

£5'80T~
8121y
TO'€zTL
Z6'€2T7
AT
wm.mm%
ET'IET]
mm.Hmt%
89'Gp T/
Sb'LbT]
Sb'6pT!

wlim
'H NMR 1[IMP-CF;] (CD:Cl,, 500 MHz)

T
110

T
130 120

T T T T T T T
200 150 180 170 160 150 140

T
210

66'9

™~
n
™~

P18
'8

ir
)

r

£z'8
25 8]
£s'g

Pentane

——a

ﬁw JE6STET
9LL9CT

0000

pirO'C
1S41°¢C
csLre
€EC09
coe0'e
SS81'¢
6460
86E6'0
96760
64260

35 3.0 2.5 2.0 1.5 10 05 00 -0.5

4.0

6.5 6.0 55 5.0 4.5
f1 (ppm)
3C NMR 1[IMP-CF;] (CD,Cl,, 126 MHz)

7.0

S26



5052
Trec”
g6z’

*=Pentane

WL

*

v ' ' ' T v
150 140 130 120 110 100
f1 (ppm)

T
160

T
180

T
150

T
00

HMDSO

= i
__
9T m d
L2\ o T9PT'ET
o1 - 1 tepasTt
! “. —_— w )
@mww i S
W 9T o {
84T o m ~ .
S ecc —== © 0000'}
" 859 ‘
<5 099 ,
Qeze ot
AL M
Qo ]
= 8EYL ,
O ore “
Z vS'L “
& 95 —
2 (5
=Ty
e 19
z 5| |
Z b9’ 1 - = 9/01'¢C
T 16 | g
=716 — —F
26'L S .IM? 18£8'E
€6'Ln ‘ IR o2
218y 2} s6e60
zrsf 11 eb60
b1'8 =7 80160
p1'8 ' 08260
0z'8]
12'8] ,
15'8f w
gs'g |

w
-

4.0

5.0

9.5

T
10.0

f1 (ppm)

C NMR 1[IMP-NO;] (CD,Cl,, 126 MHz)

S27



HMDSO

L6'92y
£1'52
ecez’

2Q¢ccl

* = THF

** = pentane

(8T
S6'bCT
60’1
£5'S2T
9621
19621
18621
16'0€1
0€'1€T
EL'EET
SEEET
pS'SETH
08'SET
95'%€ Ty

p6'LETE
mm.mm&,
L8'6ET
85'9pT
Sb'LbT
LE'6pT]
8,051’
Z1'SLT-

)

L{

!

n

J

budof

2\

I

B e re e
NMR 1[{IMP-CO:Me] (CD,Cl,, 500 MHz)

T

T

T T T T T
180 170 160 150 140

190

T

200

210

L'

NSNS

oy
o

<
© O

PRSP PN N N NN

OT OO~V OGOWLMNM OO WwWLW Mo
nmrmMmmmmo —

1
~

cz'g

hexanes

J

e

i J

A

_
u /8P9E'81

‘090291

F

8L08'y

S6TT'E

Zs8r'e -

S882'C
EOVE'Y
v’y
1865'C
cces't
PEVO'T
980T
8110'T
00001

0.5

0.5

1.5

2.0

3.0

T T
4.5 4.0 35
f1 (ppm)

5.0

7.0

7.5

8.0

C NMR 1[{IMP-CO;Me]| (CD,Cl,, 126 MHz)

S28



09'T1—
oo.mm/
90'ST
€9'52”
Sl
25've]
10ge’

LS 2C

06'€2T
60'GCT
61'827
€e'6eT
606211
65621
06'62T
620 T
ZETET
8T'EE T
zgeet’
€96ET~
09'9p T~
sz'ep1f
€€'6bT]
06'05T
Zv'99T—

" »dijulmmmmma’hmunluiw

'H NMR 1[{IMP-(CF3),] (CD,Cl,, 500 MHz)

LT

m |

& _d

_J

v

£

1

]

~ -
"=
L
©

~ w

o E—
=
-
@ .
=3

/ J

- -
o

-L

ﬂ

wj

=

-

S

A A

e

919v'ET
c08r'eT

0gco0C
ceLoe
1S58'T
PSL0'Y
L0CP'S
60e0'T
9120’1

9PEO'T ¢

00001

0.5

10

2.0

60 55 50 45 40 35 30 25
f1 (ppm)

65

5.0

9.5

C NMR 1[{IMP-(CF3);] (CD:Cl,, 126 MHz)

S29



0.0

0.5

05

1.0

15

L6'0 R
86'0 I
e 00'T1
g ) 107
£t . [® 81'T1
& [ 61'1 r
. €T bbbl 2T
€0'ST R ; :
21z s Nm.l ~ 081’9
se'6e’ $ 8.2 ' pg1Z'9
o 0621
H Sore :
g s o P i
= = oo.mw 3/ 16T
lg © 689 _— > 1€E6T
R AT - M L 6961°C
9L'1eCT t = Le Oa gz /1 5 — A 6692’z Ha
16221 m S STl
06'€Z1 : s Aoy . I
L Q8L > i
S6'bTT s O ey [
o1'szt i Zeer g i
59'szT ls8 Tops &
oL'Sz = m pid i Nﬁ/_N f
96211 3 Bors S
£9'6211 s % [
00'0ET o _. = i :
SO'TET) , £ 3 = oL ST AV
811N = 9L O / ] .
pETET “M Loy - = z —j ™ 6016T|
sceetr] 8L S a \ —— ¥ 8LST'9
egEeT/ |lm & W 8L L - ,d\u M resre;
68'6ET/ ————% s o 6004 — o b o060
S9'SPT — = RS 61'8, ) S . SOIE'
099 T/ e 61'81 o 7 ' gze0T |
¢s'Lbl - oz'g’ — = 8220'1
WMGVH e mwwkﬂ = L
63051’ & 698]
sever 8 o8 - — = 0000'T [
656 I
g 656/
E 096/ |
£ Iz 09'6’

2.0

2.5

3.0

4.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 f ?;m) 4.5
'H NMR [1(MeCN)][IMP-DMA] (CD,CL,, 500 MHz)
S30

10,0

105



ST'T

91'¢

cO'Ey

PO'EY

hexanes

W

=3
=
Q
o
=
=
=
a o
= =
el
o
~
=
A

hexane,

A

=85L9'PC

= LIEL'C

¥ 6512’9
5 OpeET'p

v P1897
[ 8r6'l
[ TL16'T
LL0T1°9
0se0'c
6601
v2L6'0
0000'T
8626'T

A LU

r

1 G
C NMR [1(MeCN)][IMP-DMA| (CD>Cl,, 126 MHz)

5.5

10 05 00 -05

15

4.5

105 100

Lo

SL°TT
(S'€T
11927
6882
€5 bE’

hexanes

* =

8z'€zly
z8'bel
11°seT
bb'9ZT
Op'£2T
6€'621
€6'6211
Z80ET
1€°2ET~
pereet/
se'ser
SREET
19951/
25'6b1]
82051/
L90LT—
oL'9LT-

T
100
f1 (ppm)

T
110

T
130 120

T T T T T T T
200 150 180 170 160 150 140

T
210

'H NMR [1(MeCN)][IMP-pipA] (CD,CL, 500 MHz)

S31



o
) O
0

o
o
0

hexanes

* =

(SN, W

|

A

'9[|MP-pipA]

)

>

—
o
\

-

o

<
*8
H/
3

L

-

e

LK -

Ll
1

685'CT
148711
6540't
032 94

CL80'E

LT
608L'T
LL9'T

€569'T
L5S6'T
SoP0'C
€9ET'9
1911°¢C
991T'C
LLE6'0
0000'T
ST10'T
185’0

0.0 95 -1.0

0.5

35 3.0 25 2.0 1.5 1.0

4.0

100 95 9.0 8.5 8.0 7.5

105

3C NMR [1(MeCN)][IMP-pipA] (CD:Cl,, 126 MHz)

-10

100 %0
f1 (ppm)
S32

110

130 120

200 150 180 170 160 150 140

210



'H NMR 2[IMP-H] (CD,Cl,, 500 MHz)
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*'P NMR 2[IMP-CF;] (CD:Cl,, 203 MHz)
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'H NMR 2[IMP-NO;] (CD>Cl,, 500 MHz)
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C NMR 2[IMP-NO;] (CD,Cl,, 126 MHz)
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3'P NMR 2[IMP-CO;Me] (CD,Cl,, 203 MHz)
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'"H NMR 2[BIMP] (CD,Cl,, 500 MHz)
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3C NMR 2[BIMP] (CD:Cl,, 126 MHz)
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3C NMR 3[IMP-H] (CD:Cl,, 126 MHz)
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13C NMR 3[IMP-CF;] (CD,CL,, 126 MHz)
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"HNMR (‘BuXPhos)AuOTs (CD>Cl,, 500 MHz)
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5C NMR (‘BuXPhos)AuOTs (CD,Cl,, 126 MHz)
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Solid-State IR Spectra

II.

ATR-FTIR 1[IMP-CF;3]
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ATR-FTIR 1[IMP-CO:Me]
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ATR-FTIR 1[IMP-DMA]

B0 LLS
L1990 ovis9 gzees
—— - 06CL gg'gps
S—_lh 1 SV08L  epgog
TrrE——
— vrese oo
T LE'6L6
cossol 18'880}
%%2:
J 656ET) .
PORZ! ohier coices
66988 geogop)
v eavi
zZ 1651
8Y pbol
0€° 269}
SE'8L6T
£
a
g
<L
=
[=]
=
o
< - o @ ° o o @ s @ - o
8 ) 8 £ ] o S 8 3 8 3 2
aojuenlwsuel | %

P 9LGI_

401

1000

1500

2000

2500

3000

3500

4000

Wavenumbers (cm-1)

ATR-FTIR 1{IMP-pipA]

Ipd pip amide precip solid

Fm,wmhoﬁvv»mm. LoL

L0'1S8gg'cgg

SP'e8L

S0UBYWSUBIL %

v9'6.6
850601
vo'zezh, .
SEB0El e gy
8g'eapl
se'olst
~ OV VsET
SEBITT
65'bboL
\reLez
zv 6562
- — e S
& - & - LT & - ST &
g e s 8 8 ® 5] 2 8 9 8

451

40!

1000

1500

2000

2500

3000

3500

4000

Wavenumbers (cm-1)

S48



I11. Solution-State IR

All solutions were prepared in an inert atmosphere glovebox as 10mM solutions in methylene chloride
and injected into NaCl-window solution cells.

Solution-State 1[IMP-CF3]

100 - *Subtraction Result:Pd CF3 soln state
| Subtraction Result:Pd CF3 soln state

80 -
60 - _ 2
® i ~ -
£ . 3 e s o
£ 40- - ~ < o
£ 1 “ 3 ~ N
2 g - 2l [
® | @ - kg
o2 g e
ES } « © ©
< o~ © 7
1 s} m o
! Q - @
01 K Tl 2 o | 20 )ty
| Cogg 9w ge /s
m (vl o @
b3 g Eglley |
20+ - - © = ¢
v o~ I
1 @ T (
1 o N
L I B
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm-1)
Solution-State 1[IMP-NO;]
| *Subtraction Result:Pd NO2 solution state
100 -
i - 0]
804 ‘o 3 ® 3 ﬂ
. 3 ) ° - »
3 § = %3
60- 3
o | @ - g
2 , @ 8
g & = S
g | ~ “ 9
& . 2 =l ®
= 2- - hat
2 ! o™ b b
| b I
<
0- o &
| ® = T
j}é/ :
2 38R TTFroeBL0 880
1 L Mmoo T NGTNO NI
0N < N T O OO0 0nNN«NN -~
- = TITT T T T TTT T T T
40 ;
e ———
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm-1)

S49



Solution-State 1[IMP-CO,Me]
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