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Abstract. Imidazolium salts are effectively employed as a suitable acyl transfer agent in
amidation and esterification in organic synthesis. The weak acyl C(O)-C imidazolium bond
was exploited to generate acyl electrophiles which on further reacts with amines and alcohols
to afford amides and esters. The broad substrate scope of anilines and benzylic amines, and
base-promoted conditions are the benefits of this route. Interestingly, phenol, benzylic
alcohols, and biologically active alcohol can also be subjected to esterification under the

optimized conditions.

Introduction. Amides are common and highly notable linkage prevalent in nature as a
backbone of proteins.! The high stability of amides favors them as a key constituent in
biological compounds, active pharmaceutical agents, and agrochemicals.>? Their profound
resistance to hydrolysis makes them ubiquitous in polymers® and functional materials.*
Conventionally, amides are accessible by direct condensation of carboxylic acids and amines.
Alternatively, there are numerous non-classical methods in generating amides by utilizing
stoichiometric coupling reagents,> carboxylic acid surrogates,® amine surrogates,’” alkenes or
alkynes aminocarbonylation,® cross-dehydrogenating coupling of aldehydes with amines by
visible light photoredox catalysis’ and NHC catalyzed direct oxidative amidation of
aldehydes.!® The split and union of the C-C bond are fundamental steps witnessed and
manipulated by the chemists with great fervor, due to its potential applicability both in

academics and industry.!! Widely, the C-C bond cleavages
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Scheme 1 a) Synthesis of Esters and Amides a-c (previous work) b) Imidazolium Salts as a

Stable Acyl Transfer Agent in Amidation and Esterification d (this work).
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were achieved in strained and unstrained ring systems by employing transition metal

catalysts.!> In the myriad of C-C bond cleavage, acyl C(O)-C bond cleavage attract great

attention in organic synthesis owing to its simple and convenient transformation towards useful

derivatives.!®> Recently, the acyl group revealed to be a promising electrophile which reacts

efficiently with amines catalyzed by acid, base, oxidizing agent and transition metals to afford

amides.'* Strategically, functional groups are converted into their salts and employed as a

suitable transfer agent for various organic transformations. This methodology found to be very
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attractive owing to their facile leaving ability, air, and thermal stability. In this context,
ammonium salts especially benzylic were successfully utilized in Buchwald-Hartwig, Kumada,
Negishi, and Suzuki coupling reactions.!> Similarly, diazonium,'¢ iodonium,'” phosphonium,'?
pyridinium,!® silanolate?® and sulphonium?!' salts play a vital role in offering necessary
electrophiles. From the acylation viewpoint, azoles such as pyrrole,?? pyrazole,? triazole,?*
and imidazoles® have been explored both in metal and metal-free conditions via a C(O)-N
cleavage. Very recently, Beutner and co-workers elegantly utilized in situ generated N-acyl
imidazolium salts for challenging amide bond formations via C(O)-N cleavage.?® However,
the precedence of using C-acyl imidazolium salts as a bench stable acylating agent via C(O)-C

cleavage is scarce.

Okamoto research group revealed the synthesis of C-acyl imidazolium salts by the
reaction of (1-methyl-1H-imidazol-2-yl)lithium with amide to yield C-acyl imidazoles
followed by quaternization with methyl iodide or dimethyl sulphate (Scheme 1a).?” Studer and
co-workers have disclosed the oxidation of aldehydes to esters from in situ generated acyl
triazolium and imidazolium salts (Scheme 1b).?2® The same group has reported the utilization
of a,B-unsaturated acyl azolium salts in the synthesis of pyranones and pyridinones.?° In related
research, Ogoshi group has effectively utilized the imidazolium carbene to generate carboxylic
phosphinic mixed anhydride from CO,, which further effected to amide and ester via acyl
imidazolium intermediate (Scheme 1¢).3° Unfortunately, all the reported methods suffer from
certain shortcomings. Thus, we envisioned a straightforward, mild base-promoted, amidation
and esterification of stable acyl imidazolium salts via C(O)-C bond cleavage (Scheme 1d). The
synthesis of C-acyl imidazoles was accomplished by following Bildstein3' and Meggers??
literatures and it avoids the usage of organolithium reagents.?® The novelty of this methodology

resides on;

i) Evading air and moisture sensitive carbenes as a catalyst,’> and non-green, expensive

oxidants’* and organometallic reagents for the coupling reaction.?’3>
ii) Precluding multistep process.3®
i11) Acyl imidazolium salts are inexpensive, and they can be prepared easily.

iv) The wide range of substrate scope especially aromatic, benzylic amines and aromatic,

benzylic alcohols can be studied.
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We commenced our exploration with 2-benzoyl-1,3-dimethyl-1H-imidazol-3-ium iodide 1 (1.5

equiv) as an electrophilic acyl source, 4-butylaniline 2 (1.0 equiv) as a coupling partner, K,CO;

(1.5 equiv) as a base in CH3CN (1 mL) at room temperature for 18 h (Table 1). This resulted

in the formation of N-(4-butylphenyl)benzamide 3ad in 20% yield (entry 1). Replacement of
TBAB and DMF in place of K,CO3 and CH3CN respectively resulted in 15 and 25% yield of

3ad (entries 2 and 3). The elevation of temperature from rt to 80 °C (14 h) improves the yield

of 3ad (65%) (entry 4). Screening of bases NaOH, Cs,CO;5; and Et;N were not promising

(entries 5-7), and K,CO; was found to be the best.

Table 1. Optimization of the Reaction with Acylimidazolium Salt*

0 N/ NH, base/solvent o /©/j
. N Me
"}\/) + temperature/time ©)‘\ H
’® I@ Me
1a 2a 3ad
Entry | Base/additive | Solvent Temp Yield?
°C) (%)
1 K,CO; CH;CN t 20¢
2 TBAB CH;CN rt 15¢
3 K,COs DMF rt 25¢
4 K,CO; DMF 80 65
5 NaOH DMF 80 5
6 Cs,CO;4 DMF 80 50
7 Et;N DMF 80 31
8 K,CO; DMF 100 674
9 - DMF 80 33
10 K,CO; ethanol 80 8
11 K,CO; toluene 80 -
12 K,COs DMF 80 34¢

Reaction conditions: “1a (1.5 equiv), 2a (1.0 equiv), K,CO; (1.5 equiv), DMF (1 mL), 80 °C,
14 h (entries 4-7). ‘isolated yields. °rt 18 h, 4100 °C, 18 h, ewith 1a (1.0 equiv). TBAB:

Tetrabutylammonium bromide; DMF: N, N-Dimethylformamide.
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1
2
2 Furthermore, the increase in reaction temperature and time to 100 °C and 18 h respectively
5 shown a slight improvement in the yield of 3ad (entry 8). Notably, the absence of base reduces
6
7 the yield of 3ad to 33% (entry 9). Replacing the solvent DMF with ethanol and toluene hamper
the reaction (entries 10 an . With 1a (1 equiv) the yield of 3ad drops to 34%. Thus, the
g h ion (entries 10 and 11). With 1a (1 equiv) the yield of 3ad drops to 34%. Thus, th
1(1) optimized reaction condition for base promoted amidation of acyl imidazolium salt is 1 1.5
12 equiv, 2 1 equiv, K,CO5 1.5 equiv, in DMF (1 mL) at 80 °C for 14 h. Encouraged by the
13 .. . oy . ) )
14 optimized conditions, we explored the substrate scope of amidation reaction with various
12 amines (Table 2). Aniline possessing alkyl substituents at meta 3ab and para 3ac sites afforded
17 better yields of amidation product as compared with unsubstituted 3aa. Predictably, sterically
18
19 hindered 3ae and multi-substituted aniline 3af results in poor yield. Methoxy group positioned
20 . . .
21 at meta 3ag and para 3ah showed an improved yield of 58% and 67% respectively.
22
23 Table 2. Substrate Scope of Aromatic and Aliphatic Amines®?
24
25 / R
26 N ~—ni, _ K2COs DMF N-R2
27 /s :
29 1 2
30 o o o Me o
31 L I AT R )
32 H H H Hoo
33 3aa, 52% 3ab, 51% 3ac, 53% 3ad, 65%
gg , ’ Me ‘ , l\(le
it o /@\ [o] (o] °
g? @AH @AH Me N/©\O N/©/
Me” ~Me H Me H
gg 3ae, 10% 3af, 26% 3ag, 58% 3ah, 67%
40 Br NO,
41 (o] o (o] Me (o]
i R P S e g s
H H H
43 Me
44
45 3ai, 19% 3aj, ND 3ak, 92% 3al, 30%
46 F O (o] o (o]
48 F H \s H
NO,
49
50 3am, 31% 3an, 33% 3ao, 35% 3ap, 26%
51 9 o 2 it
2 ety o ofo
53 MeO Q o
54
55 3aq, 20% 3ar, 58% 3as, 60% 3at, 50%
g? Reaction conditions: “1 (1.5 equiv), 2 (1.0 equiv), K»CO; (1.5 equiv), DMF (1 mL), 80 °C, 14
58 h. ®Isolated yields.
59
60
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Electron-withdrawing 4-Br 3ai exhibited reduced yield (19%) whereas 4-NO, 3aj derivate was
not detected. Strikingly, aliphatic amines afforded the maximum yield of 3ak (92%). Next,
we turned our attention to various substituted acyl imidazolium salts. On the contrary to the
above observation, methyl substrate 3al displayed lower in yield (30%) and electron-
withdrawing substrates 3am-3ao resulted in slightly improved yield (31%-35%). Heterocyclic
thiophenyl substrate moderate the yield of 3ap (26%). Electron rich -OCHj; group at para
position of acyl imidazolium salts further decreases the yield of 3aq to 20%. Notably, cyclic
secondary amines such as pyrrolidine 3ar (58%), piperidine 3as (60%) and morpholine 3at
(50%) reacts efficiently to afford the amides. Then, we examined the reactivity of ar-alkyl
amines in the amidation reaction (Table 3). Benzylamine 3au and its electron-donating
congeners 3av & 3aw offers maximum yields (80%-90%). Halogen substituents 4-F 3ax and
4-Cl 3ay on the phenylic group reduce the yields (75%-77%). a-Methylbenzyl amine and 2-
picolylamine reacted smoothly to offer 3az and 3ba in 79% and 65% yields respectively. The
reaction proceeded cleanly with phenethyl amine derivatives 3ca (91%) and 3da (93%).
Substituted acyl imidazolium salts such as 3-Me, 4-Me and 4-F tolerate the reaction conditions

to offer amidation product 3ea, 3fa, and 3ga in 78%, 75%, and 81% yield respectively.

Table 3. Substrate Scope of Benzylic amines

(o] / (o]
N K,CO3, DMF n-R2
N—/ 80 °C
R, ® I@ 1
1 2 3
Me o Me F
o
o ; ~
N H
3au, 80%° 3av,82%° 3aw, 90%? 3ax, 75%
cl | X
o o ~~N o
o N N
©)ku Me ©AH ©)kH
(j ~N
H
3ay, 77%°? 3az 79%7 3ba, 65%7 3ca, 91%?
o
RPN ° ;
Me
N N N
Me F
3da, 93%""QCH3 3ea, 78%" 3fa, 75%" 3ga, 81%"

aThe reactions were executed at 80 °C for 1 h. °The reactions were executed at 80 °C for 3 h.
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Esters constitutes major subunits prevalent in natural products, pharmaceuticals,
polymers and functional materials.?” The well-established synthetic routes to prepare ester
involve acid chlorides,?® acids®* and acid anhydrides*® with alcohols. Besides, esters were
accessible from amides,*' methyl ketones,* nitriles,® allylic group,* ethers*> and amino
acids.*® The synthesis of esters via acyl transfer from stable imidazolium salts is in its infancy.
Usually, this approach avoids consumption of concentrated acids, ionic liquids, harmful and
expensive metal salts. We applied our optimized reaction conditions in synthesizing the esters
using acyl imidazolium salts 1a with alcohol 4a in the presence of K,COj; as a base at 80 °C,
for 14 h (Table 4). To our delight, phenols undergo esterification smoothly to afford Saa in
25% of yield. Phenols with ortho, meta, and para-methyl substituents gave the corresponding
esters Sab-5ad in 26%-28% yields. 4-Chlorophenol and 2-naphthol diminish the yield of Sae
and Saf to 19% and 13% respectively. Conversely, functionalized acyl imidazolium salts
possessing 3-Me, 4-Me and 4-F were all compatible, give Sag, Sah, and 5ai in similar yield

(18%-25%).

Table 4. Substrate Scope of Phenols®?

o / OH o
N K,CO3, DMF
\\/) + _ e F o R,
/g 5 80 °C
R 1 R, R4
1 4 5
O i L
(o] (o] (o) Me
Me
5aa, 25% 5ab, 26% 5ac 26%
o ot O
5ad. 28% 5ae, 19% 5af, 13%
2 ) 2 O 8 O
Me' F
Me  s5ag, 20% 5ah, 18% 5ai, 25%

Reaction conditions: “1 (1.5 equiv), 4 (1.0 equiv), K,CO; (1.5 equiv), DMF, (1 mL), 80 °C,
14 h. ’Isolated yields.
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Furthermore, the applicability of this protocol was realized for benzylic alcohol substrates
(Table 5). Notably, simple benzylic alcohol Saj, 4-Me Sak, and 4-MeO 5al confer the esters
in improved yields of 70%-76%. Benzylic alcohols having halogen substituents such as 4-F,
4-Cl, 2,4-dichloro gave the desired products Sam, San, and 5ao respectively in good yields
(62%-65%). Evidently, highly electron-withdrawing -NO, substituent at ortho and para
position deteriorates the yield of Sap and Saq in 53% and 49% respectively. Pertinently, 3-
pyridine 5ar, naphthyl Sas, diphenyl Sat and anthracenyl derivatives Sau result in low yield of
product (51%-67%). Acyl imidazolium derivative possessing 3-Me, 4-Me and 2-F react
amicably to yield Sav, Saw, and Sax (68%-65%). Biologically active cholesterol ester Say can
be synthesized in 10% of isolated yield by using this strategy.

Table 5. Substrate Scope of Benzyl Alcohols and Cholesterol

OH R
o | o
N K,CO3, DMF
| + (o]
’® I@ R

R, 1
1 4 5

R4

Me Me.q F

o ; o ; ogj o ;
©Ao @o @)ko [ j/ ~o

5aj, 70%2 5ak,72%? 5al, 76%? 5am, 65%*

NI

5an, 67%° 5a0, 62%? 5ap, 53%7

5aq, 49%°
~N
| SOENS
o ¥ o o
©A° ©)k° §° @
5ar, 52%? 5as, 55%7 5at, 67%7 Me

o
P

5au, 51%? 5av, R =3-CH;, 68%" 5ax 65%° g
3 z
5aw, R = 4-CHj, 65%" Say, 10%°

aThe reactions were executed at 80 °C, 1 h. 280 °C for 3 h. <80 °C for 14 h.
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To get further insights into the reaction pathway selectivity studies were executed.
Intermolecular competition reaction between benzyl alcohol 4j and benzyl amine 2u with C-
benzoyl imidazolium iodide 1a was studied. It was found that 2u are more reactive as
compared to its alcoholic counterpart 4j to substantiate nucleophilic addition across acyl C-C
bond (Scheme 2a); The intermolecular competitive reaction between phenol 4a and aniline 2a
with 1a also revealed its innate nucleophilicity (Scheme 2b); The higher reactivity of aliphatic
amine 2k than aromatic amine 2a is elucidated by their intermolecular competition reaction

with 1a (Scheme 2c¢);

Scheme 2. Control Experiments (a-d) and Scale-up (e) Studies

a) Intermolecular competition reaction of benzylic nucleophiles

(0] o
K,CO3, DMF ©)Lx©
_— m
/ under optimized
® @ conditons 3au. X = NH

1a j 33U:53j =73 5aJ X=0

b) Intermolecular competition reaction of aromatic nucleophiles

I 2
@ @ K,CO3, DMF ©)LX
_— >
/@ @ under optimized

conditions

5aa:3aa = 1:9 5aa, X=0
1a 4a 2a 3aa X = NH

c) Intermolecular competition reaction of aliphatic and aromatic nucleophiles

o (o]
K2CO3 DMF R
N
under optimized H
/@ @ conditions
3ak:3aa = 9:1 3ak, R = butyl
1a 3aa, X = phenyl

d) Selectivity of amines in amidation

o / lo} ] NH
N NH; K,CO3, DMF
W 0D e HWEQ
N N under optimized
® O H diti
| conditions

1a 6a 7aa, 51%
(preferential reactivity of aliphatic amine vs indole)

e) Scale-up approach

o / o
N K,CO3, DMF <R
\\/) +  RX e,
Y under optimized
® |@ conditions
1a 2k, 2u, 4j 3ak, R =butyl; X =NH, 802/0,
(0.5 g each) 3au, R = benzyl; X = NH, 69%

5aj, R =benzyl; X = OH, 53%
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The compound possessing two different amine functionalities have been chosen such as 2-(1H-
indol-3-yl)ethan-1-amine 6a (scheme 2d) where selectively primary amidated product 7aa was
observed (51% yield). This is owing to the easy availability and high reactivity of aliphatic
primary amine group —-(CH,CH,NH,) to couple with acyl electrophiles. But, in case of indole-
NH, the secondary amine is involved in extended conjugation with benzene ring to lowers its
reactivity with 1a. From these competition experiments, it is proved that these substrates (C-
acyl imidazolium salts) can be efficiently used in the synthetically advantageous level of
selectivity towards amines and alcohols. Besides, this optimized condition can be scaled-up
(Scheme 2e). Additionally, the 1a was used as an acylating agent for the substrate having

binucleophilic centers (ex: -NH, and OH) to yield 8aa-11aa in 20%-56% (Scheme 3).

Scheme 3. Acylation of Binucleophilic Centers

N
H
18 H,N
L O e
N-(2-hydroxyphenyl)

benzamlde 11aa, 56%
(1-benzoylpiperidin-4-yl)methyl

benzoate, 8aa, 20%

i @
OH ;N
N-(2-hydroxyethyl) OH /©/ N-(4-hydroxyphenyl)
benzamide, 9aa, 49% H,N benzamide, 10aa, 48%

Intriguingly, these acyl imidazolium salt 1a can be efficiently used as an acyl source for the
reaction with carbon nucleophiles such as I-methylindolin-2-one 12a to furnish (Z)-3-
(hydroxy(phenyl)methylene)-1-methylindolin-2-one 13aa in 61% of yields (Scheme 4). This
method offers a direct and straightforward way to acylate carbon nucleophiles. Further,

optimization of reaction conditions and substrate scope studies are in progress in our research

group.

Scheme 4. Acylation with Carbon Nucleophiles

OH
[ PdCl,(Xantphos) (5 mol%) /
N@ N KOt-Bu (2.1 equiv.) _ O o o
CH3 Dioxane, 80 °C, 16 h N
CH;,

ACS Paragon Plus Environment
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Recently, Szostak*’ and Zeng*® group proposed a base-promoted pathway for transamidation
of amides via formation of tetrahedral transition state. Based on this observation a possible
reaction pathway is proposed for amidation and esterification of imidazolium salts (Scheme 5).
Initially, nucleophilic addition of amines or alcohols to the regio selectively activated acyl
imidazolium salts 1 in the presence of K,COj; furnishes tetrahedral transitions state A. Further,
site-selective fissure of C(O)-C bond delivers amidation and esterification outputs. This
pathway is promoted thermodynamically by easy leaving ability and poor nucleophilic nature

of imidazolium unit as compared with participating amines or phenols.

Scheme 5. Proposed Mechanism for Acyl C-C bond Cleavage of Imidazolium Salts with

Nucleophiles
(o}
K,CO3, DMF ~Ro
\) + Ry— ’ -~ Y
/ Y = NHj; R = aryl/ar-alkyl/butyl
® @ Y = OH; R = aryl/ar-alkyl Ry 3
K>,CO3 N
Site-selective H—< j
R—Y Scission of C-C, @\N ’
2 bond | S} /
OH /
Addition - N (Confirmed by HRMS)
of nucleophile \
YR, /
/ N | ©
R, ®
Formation of
tetrahedral
state
Conclusions

In conclusion, the feeble nature of C(O)-C bond of acyl imidazolium salts has been exploited
for the augmentation of a highly regioselective amidation and esterification of aryl, ar-alkyl

and alkyl amine and alcohols under base promoted conditions. This protocol reveals the

11
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benefits such as low-cost, simple in operation, wide range of substrate scopes of anilines,
benzylic amines, and butylamine. Fascinatingly, this procedure can be extended into
esterification of substituted phenols, benzylic alcohols. Selectivity studies deal with a
preferential attack of aliphatic amines and competition experiments discuss the high

nucleophilicity of nitrogen donor than oxygen.
Experimental Section
General Experimental Information

Unless otherwise mentioned all the reactions were carried out in screw capped reaction tubes
(8 mL) under an inert atmosphere of nitrogen. Anhydrous solvents (THF, CHCI;) purchased
from commercial sources and used without further purification. Chemicals were purchased
from Sigma-Aldrich, Alfa Aesar, AVRA. Thin layer chromatography was done by using
market available TLC plates with eluents hexanes-ethyl acetate and chloroform wherever
required with monitoring the reaction under UV radiation. 'H NMR spectra were recorded on
Bruker spectrometer (400 MHz) and are reported in units ppm (parts per million) relative to
the signals for residual chloroform (7.26 ppm) and DMSO (2.54 ppm) in the deuterated solvent.
13C NMR spectra were recorded on Bruker spectrometer (100 MHz) and are reported in ppm
relative to deuterated chloroform (77.23 ppm) and DMSO (39.52 ppm) with tetramethyl silane
as an internal standard. Coupling constants (J) are reported in Hz; splitting patterns are
assigned s = singlet, d = doublet, ¢ = triplet, ¢ = quartet, b = broad signal. High-resolution

mass spectra (HRMS) were performed as EI analyzer mode.

General procedure for the synthesis of acyl imidazolium salts (la-1g) with

characterization data

A 100 mL round bottom flask equipped with a stir bar was charged with 1-methylimidazole A
(500 mg, 1.0 equiv), DMAP (4 mg, 1 mol %), placed under a positive pressure of nitrogen.
Chloroform (10 mL) was added with stirring followed by addition of Et;N (1230 mg, 2 equiv)
at 0 °C was done. Benzoyl chloride (939 mg, 1.1 equiv) was added dropwise at 0 °C and the
reaction mixture was stirred for 12 h at room temperature. After the indicated time, the reaction
mixture was diluted with water (100 mL), extracted with chloroform (15 mL X 2) and
concentrated. The crude material was purified by column chromatography on silica gel with
chloroform or hexanes-ethyl acetate (70:30 v/v) as eluent, to yield (1-methyl-1H-imidazol-2-
yl)(phenyl)methanone (B) as pale-yellow oil. Then, B (0.5 g, 1 equiv) was taken in 2 mL of

Dioxane in a screw capped reaction tube of 15 mL capacity and CH3l (20 equiv) was added

12
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and the reaction mixture was heated at 70 °C, for 16 h. The precipitated solid was filtered and
washed with dioxane (3 mL), followed by hexanes (25 mL) to give the imidazolium benzoyl

derivatives la-1g.

2-Benzoyl-1,3-dimethyl-1H-imidazol-3-ium iodide, 1a.>” Pale yellow solid, 0.77 mg, 88%
of yield, m.p. 192-194 °C. 'H NMR (400 MHz, DMSO-ds)  8.03 (s, 2H), 7.95 (d,J = 8.0 Hz,
2H), 7.87 (t, J = 7.6 Hz, 1H), 7.69 (t, J = 7.6 Hz, 2H), 3.80 (s, 6H). '3C{'H} NMR (100 MHz,
DMSO-dy) 6 180.9, 138.9, 136.5, 135.1, 130.8, 130.0, 125.9, 37.9.

1,3-Dimethyl-2-(4-methylbenzoyl)-1H-imidazol-3-ium iodide, 1b. Pale brown solid,
0.675g, 79% of yield, m.p. 186-188 °C. 'H NMR (400 MHz, DMSO-dy) 6 8.01 (s, 2H), 7.86
(d, J = 8.4 Hz, 2H), 7.50 (d, J = 8.0 Hz, 2H), 3.79 (s, 6H), 2.46 (s, 3H). 3C{'H} NMR (100
MHz, DMSO-dy) 6 180.4, 147.9, 139.1, 132.6, 131.0, 130.7, 125.7, 37.7, 22.0. HRMS (ESI-
QTOF) m/z: [M - I]* Calcd for C3H 5sN,0O 215.1179; found 215.1171.

2-(2-Fluorobenzoyl)-1,3-dimethyl-1H-imidazol-3-ium iodide, 1¢. Grey solid, 0.414 g, 49%
of yield, m.p. 150-152 °C. 'H NMR (400 MHz, DMSO-dj) 4 8.06 (s, 2H), 7.95-7.91 (m, 2H),
7.54-7.49 (m, 2H), 3.85 (s, 6H). BC{'H} NMR (100 MHz, DMSO-d;) 4 176.7, 161.1 (d, 'Jc.
F-255.9 Hz), 138.6 (d, *Jc.r-9.3 Hz), 132.5, 126.2 (d, *Jcr-3.2 Hz), 126.1, 124.0 (d, *Jcr-
9.4Hz), 117.7 (d,?Jcr=20.6 Hz), 37.8. F{'H} NMR (376 MHz, DMSO-d;s ) 8 -113.9. HRMS
(ESI-QTOF) m/z: [M - I]" Caled for C;,H1,FN,0 219.0928; found 219.0923.

2-(4-Fluorobenzoyl)-1,3-dimethyl-1H-imidazol-3-ium iodide, 1d. Brown solid, 0.43 g, 51%
of yield, m.p. 195-197 °C. 'H NMR (400 MHz, DMSO-d) 6 8.06-8.05 (m, 2H), 8.03 (s, 2H),
7.55-7.51 (m, 2H), 3.81 (s, 6H). *C{'H} NMR (100 MHz, DMSO-dy) 6 179.5, 166.9 (d, 'Jc.
r-255.0 Hz), 138.6, 134.3 (d, 3Jcr-10.1 Hz), 131.9 (d, *Jcr-2.7 Hz), 125.9, 117.3 (d, 2JcF -
22.5 Hz), 37.9. YF{'H} NMR (376 MHz, DMSO-d,) 6 -100.8. HRMS (ESI-QTOF) m/z: [M
- I]* Caled for C,H;,FN,O 219.0928; found 219.0922.

1,3-Dimethyl-2-(3-nitrobenzoyl)-1H-imidazol-3-ium iodide, le. Bright yellow solid,
0.523g, 65% of yield, m.p. 200-202 °C. (synthesis imidazolium salt was carried out in
acetonitrile instead of dioxane). '"H NMR (400 MHz, DMSO-d,) 8 8.06-8.05 (m, 2H), 8.35 (d,
J=17.6 Hz, 1H), 8.08 (s, 2H), 7.96 (t, /= 8.0 Hz, 1H), 3.83 (s, 6H). 3C{'H} NMR (100 MHz,
DMSO-ds) 6 179.4, 148.5, 137.9, 136.7, 131.6, 129.8, 126.5, 124.9, 38.4. HRMS (ESI-QTOF)
m/z: [M - I]" Caled for Ci,H,N30; 246.0873; found 246.0864.
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1,3-Dimethyl-2-(thiophene-2-carbonyl)-1H-imidazol-3-ium iodide, 1f. Pale yellow solid,
0.39 g, 46% of yield, m.p. 170-172 °C. 'H NMR (400 MHz, DMSO-dj) 6 8.50 (d, J= 4.4 Hz,
1H), 8.11-8.01 (m, 3H), 7.43 (t, J = 4.0 Hz, 1H), 3.86 (s, 6H). 3C{'H} NMR (100 MHz,
DMSO-dg) 8 172.0, 142.3, 140.8, 138.9, 130.6, 125.6, 37.5. HRMS (ESI-QTOF) m/z: [M -
I]* Caled for C;oH;N,OS 207.0587; found 207.0580.

2-(4-Methoxybenzoyl)-1,3-dimethyl-1H-imidazol-3-ium iodide, 1g.>° Brown solid, 0.55g,
66% of yield, m.p. 180-182 °C. 'H NMR (400 MHz, DMSO-ds) 8 7.99 (s, 2H), 7.94 (d, J =
8.0 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 3.93 (s, 3H), 3.79 (s, 6H). 3C{'H} NMR (100 MHz,
DMSO-dy) 0 178.8, 166.2, 139.5, 133.7, 127.7, 125.4, 115.6, 56.6, 37.4.

General Procedure for Amidation from Imidazolium Salts via C-C bond Cleavage with

Characterization Data

An oven-dried 8 mL vial equipped with a stir bar was charged with 2a (50 mg, 1 equiv), 1a
(264 mg, 1.5 equiv), potassium carbonate (111 mg, 1.5 equiv) in DMF (1 mL). The reaction
mixture was placed in a preheated oil bath at 80 °C and stirred for 14 h. After the indicated
time, the solvent was evaporated, and the crude material was purified by column
chromatography on silica gel with n-hexane-ethyl acetate or hexanes—diethyl ether as eluent,

to yield the title compound.

N-phenylbenzamide, 3aa.* Pale yellow solid, 54 mg, 52% of yield (hexanes/diethyl ether,
90:10 v/v). 'H NMR (400 MHz, CDCl3) 5 7.79 (d, J = 7.2 Hz, 2H), 7.57 (d, J = 8.0 Hz, 2H),
7.46 (t, J = 7.6 Hz, 1H), 7.39 (t, J = 6.8 Hz, 2H), 7.28 (t, J = 8.0 Hz, 2H), 7.08 (t, J = 7.6 Hz,
1H). BC{!H} NMR (100 MHz, CDCl;) & 165.8, 137.9, 135.0, 131.8, 129.1, 128.8, 127.0,
124.6, 120.3.

N-(m-tolyl)benzamide, 3ab.>* Pale brown solid, 49 mg, 51% of yield (hexanes/diethyl ether,
90:10 v/v). "HNMR (400 MHz, CDCl;) 6 8.02 (s, 1H), 7.79 (d, J = 8.0 Hz, 2H), 7.42-7.30 (m,
5H), 7.11 (t,J=7.6 Hz, 1H), 6.86 (d, /= 7.6 Hz, 1H), 2.22 (s, 3H). 3C{'H} NMR (100 MHz,
CDCl,) 6 164.9, 137.9, 136.9, 133.9, 130.7, 127.8, 127.6, 126.0, 124.3, 120.0, 116.4, 20.4.

N-(p-tolyl)benzamide, 3ac.*® Grey solid, 56 mg, 53% of yield (hexanes/diethyl ether, 90:10
v/v). TH NMR (400 MHz, CDCl3) § 7.79 (d, J = 7.2 Hz, 2H), 7.73 (s, 1H), 7.47-7.38 (m, 5H),
7.10 (d, J= 8.0 Hz, 2H), 2.27 (s, 3H). 3C{'H} NMR (100 MHz, CDCl3) & 165.7, 135.3, 135.1,
134.3, 131.8, 129.6, 128.8, 127.0, 120.3, 20.9.

14

ACS Paragon Plus Environment

Page 14 of 30



Page 15 of 30

oNOYTULT D WN =

The Journal of Organic Chemistry

N-(4-butylphenyl)benzamide, 3ad.** Off-white solid, 54 mg, 65% of yield (hexanes/diethyl
ether, 90:10 v/v). 'H NMR (400 MHz, CDCls) 6 7.79 (d, J = 7.6 Hz, 2H), 7.74 (s, 1H), 7.47-
7.38 (m, 5H), 7.10 (d, J = 8.0 Hz, 2H), 2.52 (t, J = 7.6 Hz, 2H), 1.54-1.48 (m, 2H), 1.32-1.23
(m, 2H), 0.85 (t, J = 7.2 Hz, 3H). BC{'H} NMR (100 MHz, CDCls) 6 165.7, 139.4, 135.5,
135.1, 131.8, 128.9, 128.8, 127.0, 120.3, 35.1, 33.7, 22.3, 13.9.

N-(2-isopropylphenyl)benzamide, 3ae.’! Grey solid, 9 mg, 10% of yield (hexanes/diethyl
ether, 90:10 v/v). 'H NMR (400 MHz, CDCl;) & 7.91 (d, J= 7.2 Hz, 2H), 7.84 (d,J= 7.2 Hz,
1H), 7.80 (s, 1H), 7.61-7.50 (m, 3H), 7.37-7.23 (m, 3H), 3.17-3.10 (m, 1H), 1.31 (d, J = 6.8
Hz, 6H). BC{!H} NMR (100 MHz, CDCls) & 166.0, 140.6, 135.0, 134.2, 131.8, 128.9, 127.1,
126.5, 126.2, 125.7, 124.8, 28.2, 23.0.

N-(3,5-dimethylphenyl)benzamide, 3af.>> Grey solid, 24 mg, 26% of yield (hexanes/diethyl
ether, 90:10 v/v). 'H NMR (400 MHz, CDCly) § 7.87 (d, J = 7.2 Hz, 2H), 7.56-7.45 (m, 3H),
7.30 (s, 2H), 6.81 (s, 1H), 2.32 (s, 6H). 13C{'H} NMR (100 MHz, CDCLy) § 165.8, 138.8,
137.8,135.1, 131.7, 128.7, 128.4, 127.0, 126.3, 118.1, 21.4.

N-(3-methoxyphenyl)benzamide, 3ag.*® Pale brown solid, 53 mg, 58% of yield
(hexanes/diethyl ether, 85:15 v/v). 'H NMR (400 MHz, CDCl3) 8 8.02 (s, 1H), 7.87 (d, J=7.2
Hz, 2H), 7.57-7.45 (m, 4H), 7.26 (d,J = 8.0 Hz, 1H), 7.13 (d, J = 8.0 Hz, 1H), 6.73 (d, J = 8.0
Hz, 1H), 3.83 (s, 3H). 3BC{'H} NMR (100 MHz, CDCl3) & 166.1, 160.2, 139.3, 134.9, 131.8,
129.7,128.7,127.1, 112.5, 110.5, 105.9, 55.3.

N-(4-methoxyphenyl)benzamide, 3ah.** Grey solid, 61 mg, 67% of yield (hexanes/diethyl
ether, 85:15 v/v). 'H NMR (400 MHz, DMSO-dy) 6 10.14 (s, 1H), 7.96 (d, J = 7.6 Hz, 2H),
7.69 (d, J = 8.4 Hz, 2H), 7.59-7.50 (m, 3H), 6.93 (d, J = 8.8 Hz, 2H), 3.71 (s, 3H). BC{'H}
NMR (100 MHz, DMSO-dy) 6 170.3, 160.7, 140.3, 137.4, 136.6, 133.6, 132.8, 127.2, 118.9,
60.4.

N-(4-bromophenyl)benzamide, 3ai.>> Grey solid, 15 mg, 19% of yield (hexanes/diethyl
ether, 90:10 v/v). 'H NMR (400 MHz, DMSO-dy) 6 10.37 (s, 1H), 7.95 (d, J = 6.8 Hz, 2H),
7.77 (d, J = 8.8 Hz, 2H), 7.60-7.52 (m, 5H). BC{'H} NMR (100 MHz, DMSO-dj) & 166.1,
139.0, 135.1, 132.1, 131.9, 128.8, 128.1, 122.7, 115.8.

N-butyl benzamide, 3ak.** Colorless oil, 111 mg, 92% of yield. (0.5 g batch yielded 0.96 g)
(hexanes/diethyl ether, 90:10 v/v). 'H NMR (400 MHz, CDCls) & 7.68 (d, J = 7.2 Hz, 2H),
7.40 (t,J=7.2 Hz, 1H), 7.33 (t,J=7.6 Hz, 2H), 6.22 (s, 1H), 3.39-3.34 (m, 2H), 1.55-1.48 (m,

15

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry

2H), 1.37-1.28 (m, 2H), 0.87 (t, J = 7.2 Hz, 3H). '*C{'H} NMR (100 MHz, CDCl;) 167.6,
134.8, 131.2, 128.5, 126.8, 39.8, 31.7, 20.2, 13.8.

N-(4-butylphenyl)-4-methylbenzamide, 3al.>* Pale brown solid, 26 mg, 30% of yield
(hexanes/diethyl ether, 90:10 v/v). 'H NMR (400 MHz, CDCl;) & 7.69 (d, J = 8.0 Hz, 2H),
7.66 (s, 1H), 7.46 (d, J = 8.0 Hz, 2H), 7.21 (d, J= 8.0 Hz, 2H), 7.10 (d, J = 8.4 Hz, 2H), 2.52
(t,J=17.6 Hz, 2H), 2.35 (s, 3H), 1.54-1.48 (m, 2H), 1.31-1.25 (m, 2H), 0.85 (t, /= 7.6 Hz, 3H).
BC{'H} NMR (100 MHz, CDCl3) 8 165.7, 142.3, 139.2, 135.6, 132.2, 129.4, 128.9, 126.9,
120.2, 35.1, 33.7,22.3, 21.5, 13.9.

N-(4-butylphenyl)-2-fluorobenzamide, 3am.>> Grey solid, 28 mg, 31% of yield
(hexanes/diethyl ether, 90:10 v/v). 'TH NMR (400 MHz, CDCl;) 6 8.35-8.27 (m, 1H), 8.10 (t,
J=8.0 Hz, 1H), 7.49-7.43 (m, 3H), 7.24 (t, J = 7.2 Hz, 1H), 7.11 (d, J = 8.4 Hz, 2H), 2.53 (,
J=17.6 Hz, 2H), 1.54-1.50 (m, 2H), 1.29-1.25 (m, 2H), 0.85 (t, /= 7.2 Hz, 3H). 3C{'H} NMR
(100 MHz, CDCl3) 8 161.6, 159.9 (d, 'Jcr-258.1 Hz), 139.6, 135.3, 133.6 (d, 3Jc.r-9.3 Hz),
132.3, 128.9, 125.1 (d, 4Jc.r = 3.2 Hz), 120.6, 116.2 (d, 2Jcr-24.9 Hz), 35.1, 33.7, 22.3, 13.9.
19F{IH} NMR (376 MHz, CDCls) § -113.3.

N-(4-butylphenyl)-4-fluorobenzamide, 3an.>>  Grey solid, 29 mg, 33% of yield
(hexanes/diethyl ether, 90:10 v/v). '"H NMR (400 MHz, CDCls) 6 7.80-7.77 (m, 2H), 7.77 (s,
1H), 7.43 (d, J = 8.4 Hz, 2H), 7.10-7.03 (m, 4H), 2.52 (t, J = 7.6 Hz, 2H), 1.55-1.47 (m, 2H),
1.30-1.24 (m, 2H), 0.85 (t, /= 7.2 Hz, 3H). *C{'H} NMR (100 MHz, CDCl3) § 164.8 (d, 'Jc.r
_250.1 Hz), 164.7, 139.5, 135.3, 131.2 (d, *Jc.r-3.0 Hz), 131.4 (d, 3Jcr-8.9 Hz), 128.9, 120.4,
115.8 (d, 2Jcp=21.8 Hz), 35.1, 33.6, 22.3, 13.9. F{'H} NMR (376 MHz, CDCls) 6 -107.6.

N-(4-butylphenyl)-3-nitrobenzamide, 3a0.>> Brown solid, 35 mg, 35% of yield
(hexanes/diethyl ether, 80:20 v/v). "H NMR (400 MHz, CDCls) 6 8.61 (s, 1H), 8.30 (d, J=17.2
Hz, 1H), 8.17 (d, J = 7.2 Hz, 1H), 8.03 (s, 1H), 7.60 (t, J = 8.0 Hz, 1H), 7.47 (d, J = 8.0 Hz,
2H), 7.11 (d, J = 8.0 Hz, 2H), 2.52 (t, J = 7.6 Hz, 2H), 1.55-1.47 (m, 2H), 1.30-1.24 (m, 2H),
0.85 (t,J=7.2 Hz, 3H). BC{'H} NMR (100 MHz, CDCl;) 4 163.3, 148.2, 140.1, 136.7, 134.8,
133.4,130.0, 129.1, 126.2, 121.9, 120.6, 35.1, 33.6, 22.3, 13.9.

N-(4-butylphenyl)thiophene-2-carboxamide, 3ap.’® Brown solid, 22 mg, 26% of yield
(hexanes/diethyl ether, 90:10 v/v). 'TH NMR (400 MHz, CDCl3) 6 7.64 (s, 1H), 7.54 (d, J=3.2
Hz, 1H), 7.46-7.41 (m, 3H), 7.10-7.02 (m, 3H), 2.52 (t, J = 7.6 Hz, 2H), 1.55-1.47 (m, 2H),
1.30-1.24 (m, 2H), 0.85 (t, /= 7.2 Hz, 3H). C{'H} NMR (100 MHz, CDCls) 6 159.9, 139.4,
135.1, 130.6, 128.9, 128.4, 127.8, 120.3, 35.1, 33.6, 22.3, 13.9.
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N-(4-butylphenyl)-4-methoxybenzamide, 3aq.’” Off-white solid, 18 mg, 20% of yield
(hexanes/diethyl ether, 80:20 v/v). 'H NMR (400 MHz, DMSO-dy) 4 10.0 (s, 1H), 7.95 (d, J
= 8.4 Hz, 2H), 7.65 (d, /= 8.4 Hz, 2H), 7.15 (d, /= 8.0 Hz, 2H), 7.05 (d, J = 8.4 Hz, 2H), 3.83
(s, 3H), 2.54 (t, J = 7.6 Hz, 2H), 1.58-1.50 (m, 2H), 1.33-1.27 (m, 2H), 0.90 (t, J = 7.2 Hz,
3H). BC{'H} NMR (100 MHz, DMSO-dy) 6 165.1, 162.3, 137.8, 137.4, 129.9, 128.7, 127.5,
120.8, 114.0, 55.9, 34.7, 33.7,22.2, 14.3.

Phenyl(pyrrolidine-1-yl)methanone, 3ar.® Pale yellow oil, 70 mg, 58% of yield
(hexanes/ethyl acetate, 90:10 v/v). 'H NMR (400 MHz, CDCl;) & 7.51-7.49 (m, 2H), 7.45-
7.42 (m, 3H), 3.46 (t, J = 6.8 Hz, 2H), 3.35 (t, J = 6.8 Hz, 2H), 1.89-1.82 (m, 2H), 1.81-1.76
(m, 2H). BC{'H} NMR (100 MHz, CDCl;) & 168.6, 137.7, 130.1, 128.6, 127.4, 49.3, 46.3,
26.4,24.3.

Phenyl(piperidin-1-yl)methanone, 3as.”® Pale yellow oil, 65 mg, 60% of yield
(hexanes/ethyl acetate, 90:10 v/v). 'H NMR (400 MHz, CDCls) 6 7.31 (s, 5H), 3.63 (s, 2H),
3.26 (s, 2H), 1.60 (s, 4H), 1.44 (s, 2H). BC{'H} NMR (100 MHz, CDCl3) 8 170.4, 136.5,
129.4, 128.4, 126.8, 48.8, 43.1, 29.7, 26.5, 25.6.

Morpholino(phenyl)methanone, 3at.>® colorless liquid, 53 mg, 50% of yield (hexanes/ethyl
acetate, 90:10 v/v). 'H NMR (400 MHz, CDCLy) & 7.34 (s, 5H), 3.69-3.38 (m, 8H). 3C{'H}
NMR (100 MHz, CDCl;) 6 170.5, 135.3, 129.9, 128.6, 127.1, 66.9, 48.2, 42.6.

N-benzyl benzamide, 3au.*” Off-white solid, 78 mg, 80% of yield (hexanes/ethyl acetate,
80:20 v/v). (0.5 g batch yielded 0.680 g). 'H NMR (400 MHz, CDCl3) & 7.71 (d, J = 8.0 Hz,
2H), 7.41 (t,J=6.4 Hz, 1H), 7.33 (t, J= 7.6 Hz, 2H), 7.27-7.21 (m, 5H), 6.49 (s, 1H), 4.54 (d,
J=2.8 Hz, 2H). BC{'H} NMR (100 MHz, CDCl5) § 167.4, 138.2, 134.4, 131.6, 128.8, 128.6,
127.9, 127.6, 126.9, 44.1.

N-(4-methylbenzyl)benzamide, 3av.°* Off- white solid, 75 mg, 82% of yield (hexanes/ethyl
acetate, 80:20 v/v). 'H NMR (400 MHz, CDCLy) § 7.69 (d, J = 7.6 Hz, 2H), 7.41 (t,J = 7.2 Hz,
1H), 7.32 (t, J = 7.6 Hz, 2H), 7.69 (d, J = 8.0 Hz, 2H), 7.07 (d, J = 7.6 Hz, 2H), 6.41 (s, 1H),
4.50 (d,J= 5.6 Hz, 2H), 2.26 (s, 3H). 3C{'H} NMR (100 MHz, CDCl;) § 167.3, 137.3, 135.2,
134.5,131.5, 1294, 128.6, 127.9, 126.9, 43.9, 21.1.

N-(4-methoxybenzyl)benzamide, 3aw.°! Off-white solid, 79 mg, 90% of yield (hexanes/ethyl
acetate, 80:20 v/v). '"HNMR (400 MHz, CDCls) & 7.80 (d, J = 7.6 Hz, 2H), 7.52-7.40 (m, 3H),
7.28 (d, J=17.6 Hz, 2H), 6.88 (d, J = 8.4 Hz, 2H), 6.60 (s, 1H), 4.57 (d, J = 5.6 Hz, 2H), 3.80

17

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry

(s, 3H). *C{'H} NMR (100 MHz, CDCL3) & 167.4, 159.1, 134.4, 131.5, 129.3, 128.6, 126.9,
114.5, 55.3, 43.6.

N-(4-fluorobenzyl)benzamide, 3ax.®? Grey solid, 68 mg, 75% of yield (hexanes/ethyl acetate,
80:20 v/v). '"H NMR (400 MHz, CDCl) 8 7.80 (d, /= 8.0 Hz, 2H), 7.42 (t, J = 6.4 Hz, 1H),
7.33 (t,J=7.6 Hz, 2H), 7.22 (t,J = 6.4 Hz, 2H), 6.93 (t, J= 8.0 Hz, 2H), 6.58 (s, 1H), 4.50 (d,
J=5.6 Hz, 2H). BC{'H} NMR (100 MHz, CDCl3) 6 167.4, 162.2 (d, 'Jc.r-244.1 Hz), 134.2,
134.1 (d, *Jcr-2.9 Hz), 131.7, 129.5 (d, *Jcr-8.1 Hz), 128.6, 126.9, 115.6 (d, 2Jc.r-21.4 Hz),
43.3. YF{'H} NMR (376 MHz, CDCl;) 6 -114.9.

N-(4-chlorobenzyl)benzamide, 3ay.> Off-white solid, 66 mg, 77% of yield (hexanes/ethyl
acetate, 80:20 v/v). 'H NMR (400 MHz, CDCl;) 6 7.70 (d, J = 7.6 Hz, 2H), 7.41 (t, J= 7.2
Hz, 1H), 7.33 (t,J=7.6 Hz, 2H), 7.23-7.20 (m, 2H), 6.93 (t, J = 8.4 Hz,2H), 6.58 (s, 1H), 4.50
(d, J = 5.6Hz, 2H). BC{'H} NMR (100 MHz, CDCl3) é 167.4, 163.4, 161.0, 134.2, 131.6,
129.5, 128.6, 126.9, 115.7, 115.5, 43.3.

N-(1-phenylethyl)benzamide, 3az.%* Off white-solid, 73 mg, 79% of yield (hexanes/ethyl
acetate, 80:20 v/v). 'H NMR (400 MHz, CDCls) & 7.68 (d, J = 7.6 Hz, 2H), 7.39 (t, J = 6.8
Hz, 1H), 7.33-7.24 (m, 6H), 7.18 (t, J = 7.2 Hz, 1H), 6.43 (s, 1H), 5.27-5.20 (m, 1H), 1.50 (d,
J=6.8 Hz, 3H). BC{'H} NMR (100 MHz, CDCl5) § 166.6, 143.2, 134.6, 131.5, 128.7, 128.5,
127.4,126.9, 126.3,49.2, 21.7.

N-(pyridin-2-ylmethyl)benzamide, 3ba.®>  Off-white solid, 63 mg, 65% of yield
(hexanes/ethyl acetate, 80:20 v/v). 'H NMR (400 MHz, CDCls) & 8.48 (d, J = 4.0 Hz, 1H),
7.80 (d, J = 8.4 Hz, 2H), 7.71 (s, 1H), 7.62 (t, J = 7.6 Hz, 1H), 7.42-7.29 (m, 4H), 7.15 (t,J =
7.2 Hz, 1H), 4.69 (d, J= 5.2 Hz, 2H). BC{'H} NMR (100 MHz, CDCl5) 8 167.4, 156.3, 148.7,
137.2,134.3,131.5, 128.5, 127.1, 122.3, 122.6, 44.7.

N-phenethyl benzamide, 3ca.%> Off-white solid, 84 mg, 91% of yield (hexanes/ethyl acetate,
80:20 v/v). '"HNMR (400 MHz, CDCl;) 6 7.72 (d, J = 7.2 Hz, 2H), 7.50 (t, J = 7.2 Hz, 1H),
7.42 (t,J="7.6 Hz, 2H), 7.35 (t, J= 7.6 Hz, 2H), 7.27 (t, J = 7.2 Hz, 3H), 6.30 (s, 1H), 3.76-
3.71 (m, 2H), 2.95 (t,J= 6.8 Hz, 2H). 3C{'H} NMR (100 MHz, CDCl;) 6 167.5, 138.9, 134.7,
131.4, 128.8, 128.7, 128.6, 126.8, 126.6, 41.2, 35.7.

N-(4-methoxyphenethyl)benzamide, 3da.°® Off-white solid, 78 mg, 93% of yield
(hexanes/ethyl acetate, 70:30 v/v). 'H NMR (400 MHz, CDCl5) & 7.72 (d, J = 7.2 Hz, 2H),
7.49 (t,J=17.2 Hz, 1H), 7.41 (t, J="7.6 Hz, 2H), 7.17 (d, J= 8.4 Hz, 2H), 6.88 (d, J = 8.8 Hz,
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2H), 6.28 (s, 1H), 3.81 (s, 3H) 3.72-3.67 (m, 2H), 2.89 (t, J= 6.8 Hz, 2H). *C{'H} NMR (100
MHz, CDCls) § 167.5, 158.3, 134.7, 131.4, 130.9, 129.8, 128.6, 126.8, 114.1, 55.3, 41.3, 34.8.

N-benzyl-3-methylbenzamide, 3ea.®” Pale brown solid, 82 mg, 78% of yield (hexanes/ethyl
acetate, 80:20 v/v). 'HNMR (400 MHz, CDCl3) 8 7.54 (s, 1H), 7.48 (t,J= 4.8 Hz, 1H), 7.28-
7.21 (m, 7H), 6.39 (s, 1H), 4.56 (d, J = 5.6 Hz, 2H), 2.30 (s, 3H). BC{'H} NMR (100 MHz,
CDCl,) 6 167.6, 138.5, 138.3, 134.4, 132.3, 128.8, 127.9, 127.6, 123.9, 44.1, 21.4.

N-benzyl-4-methylbenzamide, 3fa.®® Off-white solid, 78 mg, 75% of yield (hexanes/ethyl
acetate, 80:20 v/v). 'H NMR (400 MHz, CDCLy) & 7.61 (d, J= 8.0 Hz, 2H), 7.28-7.20 (m, 5H),
7.15 (d, J = 8.0 Hz, 2H), 6.32 (s, 1H), 4.57 (d, J = 5.6 Hz, 2H), 2.31 (s, 3H). 13C{'H} NMR
(100 MHz, CDCl5) 6 167.3, 142.0, 138.3, 131.5, 129.3, 128.8, 127.9, 127.6, 126.9, 44.1, 21 4.

N-benzyl-4-fluorobenzamide, 3ga.*® Grey-solid, 87 mg, 81% of yield (hexanes/ethyl acetate,
80:20 v/v). 'H NMR (400 MHz, CDCl3) § 7.74-7.70 (m, 2H), 7.28-7.22 (m, 5H), 7.02 (t, J =
8.4 Hz, 2H), 6.36 (s, 1H), 4.55 (d, J = 5.6 Hz, 2H). 3C{'H} NMR (100 MHz, CDCl;) 5 166.3,
164.7(d, Jer - 244.1 Hz), 138.03, 130.5 (d, “Jor - 3.0 Hz), 129.3 (d, 3Jcx — 8.9 Hz), 128.8,
127.9,127.7, 115.7 (d, 2Jcp-21.7 Hz), 44.2. F{'H} NMR (376 MHz, CDCl;) 4 -108.0.

General Procedure for Esterification from Imidazolium Salts via C-C bond Cleavage with

Characterization Data

An oven-dried 8 mL vial equipped with a stir bar was charged with 4a (1 equiv), 1a (1.5 equiv),
potassium carbonate (1.5 equiv) in DMF (1 mL). The reaction mixture was placed in a
preheated oil bath at 80 °C and stirred for 14 h. After the indicated time, the solvent was
evaporated, and the crude material was purified by column chromatography on silica gel with

n-hexane-ethyl acetate or hexanes—diethyl ether as eluent, to yield the title compound.

Phenyl benzoate, 5aa.*° Off-white solid, 31 mg, 25% of yield (hexanes/ethyl acetate, 90:10
v/v). H NMR (400 MHz, CDCl3)  8.14 (d, J = 7.2 Hz, 2H), 7.57 (t, J = 7.6 Hz, 1H), 7.44 (t,
J=17.6 Hz, 2H), 7.36 (t, J = 8.0 Hz, 2H), 7.21 (d, J = 7.2 Hz, 1H), 7.14 (d, J = 7.2 Hz, 2H).
BC{H} NMR (100 MHz, CDCl5) 6 165.2, 150.9, 133.6, 130.2, 129.5, 128.6, 125.9, 121.7.

o-Tolyl benzoate, 5ab.”® Colorless oil, 25 mg, 26% of yield (hexanes/ethyl acetate, 90:10 v/v).
'"H NMR (400 MHz, CDCl;) 6 8.15 (d, J = 7.2 Hz, 2H), 7.57 (t, J= 7.6 Hz, 1H), 7.44 (t, J =
7.6 Hz, 2H), 7.22-7.17 (m, 2H), 7.13-7.02 (m, 2H), 2.17 (s, 3H). *C{'H} NMR (100 MHz,
CDCl,) 6 164.8, 149.5, 133.6, 131.2, 130.2, 128.6, 127.0, 126.1, 122.0, 16.3.
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m-Tolyl benzoate, Sac.”' Colorless oil, 25 mg, 26% of yield (hexanes/ethyl acetate, 90:10
v/v). 'TH NMR (400 MHz, CDCl3) 6 8.12 (d, J= 7.2 Hz, 2H), 7.57 (t, J= 7.6 Hz, 1H), 7.43 (t,
J=17.6 Hz, 2H), 7.23 (t,J= 7.6 Hz, 1H), 7.02-6.93 (m, 3H), 2.31 (s, 3H). *C{'H} NMR (100
MHz, CDCl;) 6 165.3, 150.9, 139.7, 133.5, 130.2, 129.2, 128.6, 126.7, 122.3, 118.6, 21.3.

p-Tolyl benzoate, 5ad.”® Off white solid, 27 mg, 28% of yield (hexanes/ethyl acetate, 90:10
v/v). "TH NMR (400 MHz, CDCl;) 6 8.12 (d, J= 7.2 Hz, 2H), 7.57 (t,J= 7.6 Hz, 1H), 7.43 (t,
J= 7.6 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 7.01 (d, J = 8.4 Hz, 2H), 2.31 (s, 3H). "3C{'H}
NMR (100 MHz, CDCl;) & 165.4, 148.7, 135.5, 133.5, 130.2, 130.0, 128.5, 121.4, 20.9.

4-Chlorophenyl benzoate, 5ae.”> Yellow oil, 17 mg, 19% of yield (hexanes/ethyl acetate,
90:10 v/v). '"H NMR (400 MHz, CDCl;) 6 8.12 (d, J= 7.2 Hz, 2H), 7.58 (t, J = 7.6 Hz, 1H),
7.45 (t,J=17.6 Hz, 2H), 7.32 (d, J= 8.8 Hz, 2H), 7.10 (d, J = 8.8 Hz, 2H). '3C{'H} NMR (100
MHz, CDCl;) 6 164.9, 149.4, 133.8, 131.3, 130.2, 129.6, 128.6, 123.1.

Naphthalen-2-yl benzoate, 5af.”> Off-white solid, 11 mg, 13% of yield (hexanes/ethyl
acetate, 90:10 v/v). '"HNMR (400 MHz, CDCls) 8 8.19 (d, /= 7.6 Hz, 2H), 7.85-7.75 (m, 3H),
7.63-7.57 (m, 2H), 7.49-7.41 (m, 4H), 7.30-7.28 (m, 1H). 3C{'H} NMR (100 MHz, CDCl;)
5 168.0, 151.1, 133.8, 133.7, 131.5, 130.2, 129.6, 129.5, 128.6, 127.8, 127.7, 126.6, 125.7,
121.3, 118.7.

Phenyl-3-methylbenzoate, Sag.”> Colorless oil, 22 mg, 20% of yield (hexanes/ethyl acetate,
90:10 v/v). 'HNMR (400 MHz, CDCl;) 6 7.94-7.92 (m, 2H), 7.37-7.30 (m, 4H), 7.21-7.12
(m, 3H) 2.37 (s, 3H). BC{'H} NMR (100 MHz, CDCl3) 6 165.4, 151.0, 138.4, 134.4, 130.7,
129.5, 128.5, 127.3, 125.9, 121.8, 21.3.

Phenyl-4-methylbenzoate, Sah.”* Colorless oil, 20 mg, 18% of yield (hexanes/ethyl acetate,
90:10 v/v). '"H NMR (400 MHz, CDCl;) & 8.13 (d, J = 8.4 Hz, 2H), 7.46 (t, J = 7.6 Hz, 2H),
7.35-7.23 (m, 5H), 2.48 (s, 3H). BC{'H} NMR (100 MHz, CDCl;) § 165.3, 151.0, 144.4,
130.2, 129.5, 129.3, 126.8, 125.8, 121.8, 21.8.

Phenyl-4-fluorobenzoate, 5ai.”* Off-white solid, 28 mg, 25% of yield (hexanes/ethyl acetate,
90:10 v/v). 'H NMR (400 MHz, CDCLy) & 8.27-8.24 (m, 2H), 7.46 (t, J = 5.6 Hz, 2H), 7.33-
7.19 (m, 5H). BC{'H} NMR (100 MHz, CDCl3) & 166.1 (d, Uy - 253.4 Hz), 164.2, 150.9,
132.9 (d, 3Jcr-9.4 Hz), 129.5, 126.02, 125.8 (d, *Jcr-2.9 Hz), 121.6, 115.9 (d, 2Jcr-21.9
Hz). “F{'H! NMR (376 MHz, CDCl;) 5 -104.4.
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Benzyl benzoate, 5aj.”> Colorless oil, 68 mg, 70% of yield. (0.5 g batch yielded 0.520 g)
(hexanes/ethyl acetate, 95:05 v/v). 'H NMR (400 MHz, CDCl;) & 8.12 (d, J = 7.2 Hz, 2H),
7.46 (t,J = 7.2 Hz, 1H), 7.50- 7.37 (m, 7H), 5.41 (s, 2H). 13C{'H} NMR (100 MHz, CDCL;) §
166.5, 136.1, 133.1, 130.2, 129.7, 128.6, 128.4, 128.3, 128.2, 66.7.

4-Methylbenzyl benzoate, 5ak.”> Colorless oil, 80 mg, 72% of yield (hexanes/ethyl acetate,
95:05 v/v). 'H NMR (400 MHz, CDCls) & 7.97 (d, J = 7.0 Hz, 2H), 7.43 (t, J = 7.2 Hz, 1H),
7.33-7.23 (m, 4H), 7.09 (d, J = 8.0 Hz, 2H), 5.22 (s, 2H), 2.25 (s, 3H). 3C{'H} NMR (100
MHz, CDCls) ¢ 166.5, 138.2, 133.1, 133.0, 130.3, 129.7, 129.3, 128.4, 128.4, 66.7, 21.3.

4-Methoxybenzyl benzoate, 5al.”> Off-white solid, 66 mg, 76% of yield (hexanes/ethyl
acetate, 90:10 v/v). 'H NMR (400 MHz, CDCls) 8 7.98 (d, J = 7.2 Hz, 2H), 7.46 (t, J = 7.2
Hz, 1H), 7.36-7.30 (m, 4H), 7.09 (d, J = 7.8 Hz, 2H), 5.22 (s, 2H), 3.75 (s, 3H). BC{'H} NMR
(100 MHz, CDCl3) 6 166.5, 159.7, 132.9, 130.3, 130.1, 129.7, 128.3, 128.2, 113.9, 66.6, 55.3.

4-Fluorobenzyl benzoate, 5am.”> Colorless oil, 59 mg, 65% of yield (hexanes/ethyl acetate,
90:10 v/v). '"H NMR (400 MHz, CDCl;) & 7.98 (d, J= 7.2 Hz, 2H), 7.46 (t, J = 7.2 Hz, 1H),
7.33-7.30 (m, 4H), 6.95 (t, J = 8.2 Hz, 2H), 5.21 (s, 2H). BC{!H} NMR (100 MHz, CDCl3) 3
165.1 (d, 'Jcr - 246.1 Hz), 161.4, 133.1, 131.9 (d, *Jcr - 3.3 Hz), 130.2 (d, *Jcr - 8.1 Hz),
130.0, 129.7, 128.4, 115.6 (d, >Jcr - 21.6 Hz), 66.0. PF{'H} NMR (376 MHz, CDCl;) 6 -
113.6.

4-Chlorobenzyl benzoate, 5an.”¢ Yellow oil, 57 mg, 67% of yield (hexanes/ethyl acetate,
90:10 v/v). 'TH NMR (400 MHz, CDCl;) & 7.96 (d, J= 7.2 Hz, 2H), 7.46 (t, J = 7.2 Hz, 1H),
7.33-7.23 (m, 6H), 5.21 (s, 2H). *C{'H} NMR (100 MHz, CDCl;) 6 166.3, 134.6, 134.2,
133.2,129.9, 129.7, 129.6, 128.8, 128.5, 65.9.

2,4-Dichlorobenzyl benzoate, 5a0.”7 Grey solid, 49 mg, 62% of yield (hexanes/ethyl acetate,
90:10 v/v). '"H NMR (400 MHz, CDCl;) 8 7.99 (d, J = 7.2 Hz, 2H), 7.46 (t, /= 7.2 Hz, 1H),
7.38-7.34 (m, 4H), 7.19-7.16 (m, 1H), 5.33 (s, 2H). BC{'H} NMR (100 MHz, CDCl;)  165.1,
133.7,133.4, 132.2, 131.4, 129.6, 128.7, 128.4,127.4,126.2, 62.4.

2-Nitrobenzyl benzoate, Sap.”® Pale yellow solid, 44 mg, 53% of yield (hexanes/ethyl acetate,
90:10 v/v). 'HNMR (400 MHz, CDCl;) 6 8.07-8.01 (m, 3H), 7.62-7.50 (m, 3H), 7.45-7.38
(m, 3H), 5.71 (s, 2H). *C{'H} NMR (100 MHz, CDCl3) & 165.9. 147.6, 133.8, 133.4, 132.4,
129.8, 129.6, 128.9, 128.8, 128.6, 125.1, 63.4.
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4-Nitrobenzyl benzoate, 5aq.”” Yellow solid, 40 mg, 49% of yield (hexanes/ethyl acetate,
85:15 v/v). 'H NMR (400 MHz, CDCl;) 8 8.18 (d, J = 8.2 Hz, 2H), 8.01 (d, J= 7.6 Hz, 2H),
7.53 (t, J = 8.2 Hz, 3H), 7.40 (t, J = 8.2 Hz, 2H), 5.39 (s, 2H). 3C{'H} NMR (100 MHz,
CDCl,) 6 166.1. 147.7, 143.4, 133.5, 129.7, 129.5, 128.6, 128.3, 123.9, 65.2.

Pyridin-3-ylmethyl benzoate, Sar.” Pale brown liquid, 50 mg, 52% of yield (hexanes/ethyl
acetate, 90:10 v/v). 'H NMR (400 MHz, CDCl3) 6 8.18 (d, J = 1.6 Hz, 1H), 8.59 (d, /= 4.8
Hz, 1H), 8.06 (d, /= 7.2 Hz, 2H), 8.79 (d, J = 7.6 Hz, 1H), 7.58-7.31 (m, 4H), 5.38 (s, 2H).
BC{'H} NMR (100 MHz, CDCl3) 8 166.2, 149.6, 136.0, 133.3, 131.7, 129.7, 128.5, 123.5,
64.1.

Naphthalen-1-ylmethyl benzoate, 5as.” Off-white solid, 45 mg, 55% of yield (hexanes/ethyl
acetate, 90:10 v/v). '"H NMR (400 MHz, CDCls) 4 8.18 (d, J = 8.4 Hz, 1H), 8.09 (d, J = 8.0
Hz, 2H), 7.95-7.90 (m, 2H), 7.68-7.42 (m, 7H), 5.86 (s, 2H). 3C{!H} NMR (100 MHz, CDCl;)
0 166.5, 133.8, 133.0, 131.8, 131.5, 130.1, 129.8, 129.4, 128.8, 128.4, 127.5, 126.7, 126.0,
125.3,123.7, 65.2.

Benzhydryl benzoate, 5at.8’ Colorless oil, 52 mg, 67% of yield (hexanes/ethyl acetate, 90:10
v/v). 'H NMR (400 MHz, CDCLy) & 8.06 (d, J = 7.2 Hz, 2H), 7.40 (t, J = 7.2 Hz, 1H), 7.39-
7.16 (m, 12H), 7.04 (s, 1H). '3C{'H} NMR (100 MHz, CDCl3) § 165.6, 140.3, 133.2, 130.2,
129.8, 128.6, 128.5, 127.9, 127.2, 77 4.

Anthracen-9-ylmethyl benzoate, 5au.’’ Pale yellow solid, 38 mg, 51% of yield
(hexanes/ethyl acetate, 90:10 v/v). "H NMR (400 MHz, CDCl) 6 8.42 (s, 1H), 8.34 (d, J=9.2
Hz, 2H), 7.95-7.89 (m, 4H), 7.51-7.23 (m, 7H), 6.29 (s, 2H). 13C {!H} NMR (100 MHz, CDCls)
0 166.8, 133.0, 131.4, 131.2, 129.8, 129.3, 129.1, 128.3, 126.7, 126.3, 125.2, 124.0, 59.4.

4-Methoxybenzyl-3-methylbenzoate, 5av.>  Colorless oil, 63 mg, 68% of yield
(hexanes/ethyl acetate, 90:10 v/v). 'H NMR (400 MHz, CDCLy) § 7.89-7.87 (m, 2H), 7.42-
7.28 (m, 4H), 6.94 (d, J = 8.8 Hz, 2H), 5.31 (s, 2H), 3.84 (s, 3H), 2.41 (s, 3H). 3C{H} NMR
(100 MHz, CDCl;) 6 166.7, 159.6, 138.1, 133.7, 130.2, 130.1, 128.2, 126.8, 113.9, 66.5, 55.3,
21.3.

4-Methoxybenzyl-4-methylbenzoate, Saw.’>  Colorless oil, 59 mg, 65% of yield
(hexanes/ethyl acetate, 90:10 v/v). 'H NMR (400 MHz, CDCl3) 8 7.97 (d, J = 8.0 Hz, 2H),
7.41(d, J=8.8 Hz, 2H), 7.24 (d, J= 8.0 Hz, 2H), 6.94 (d, J = 8.8 Hz, 2H), 5.31 (s, 2H), 3.84
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(s, 3H), 2.42 (s, 3H). BC{'H} NMR (100 MHz, CDCl;) & 166.6, 159.6, 143.6, 130.0, 129.7,
129.0, 128.3, 127.5, 113.9, 66.4, 55.3, 21.7.

Benzyl-2-fluorobenzoate, 5ax.®* Colorless oil, 65% of yield (hexanes/ethyl acetate, 90:10
v/v). 'THNMR (400 MHz, CDCl;) 6 7.86 (t,J= 7.2 Hz, 1H), 7.43-7.35 (m, 3H), 7.30-7.22 (m,
3H), 7.10-7.01 (m, 2H), 5.29 (s, 2H). BC{'H} NMR (100 MHz, CDCl3) 4 164.2 (d, *Jcr-3.6
Hz), 162.0 (d, Jcr - 258.5 Hz), 135.8, 134.6 (d, *Jcr-9.0 Hz), 132.2, 128.6, 128.3, 128.1,
124.0 (d, *Jcr-4.0 Hz), 118.7 (d, 3Jc.r-9.7 Hz), 117.1 (d, 2Jcr-22.3 Hz), 66.9.

(3S,8S,9S,10R,13R,14S,17R)-10,13-Dimethyl-17-((R)-6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-3-yl
benzoate, Say.®> Colorless solid, 6 mg, 10% of yield (hexanes/ethyl acetate, 90:10 v/v). 'H
NMR (400 MHz, CDCl3) 6 7.97 (d,J= 6.8 Hz, 2H), 7.47 (t,J=8.4 Hz, 1H), 7.35 (t,J=8.0
Hz, 2H), 5.34 (d, /= 3.6 Hz, 1H), 4.82-4.76 (m, 1H), 2.39 (d, /= 7.6 Hz, 2H), 1.48 (m, 26H),
0.93 (s, 3H), 0.85 (d, /= 6.4 Hz, 3H), 0.79 (dd, J = 6.8, 2.0 Hz, 6H), 0.61 (s, 3H). *C{'H}
NMR (100 MHz, CDCl;) & 164.9, 138.6, 131.7 129.8, 128.5, 127.2, 121.8, 73.6, 55.7, 55.1,
49.0,41.3,38.7, 38.5, 37.2, 36.0, 35.6, 34.8, 30.9, 28.7, 28.3, 27.2, 26.8, 23.3, 22.8, 21.8, 21.5,
20.0, 18.3, 10.8.

N-(2-(1H-indol-3-yl) ethyl) benzamide, 7aa.?¢ Off-white solid 42 mg, 51% of yield
(hexanes/ethyl acetate, 75:25 v/v). 'H NMR (400 MHz, CDCl;) & 10.82 (s, 1H), 8.64 (t, J =
6.8 Hz, 1H). 7.87 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 8.0 Hz, 1H), 7.52-7.45 (m,3H), 7.36 (d, J =
8.0 Hz, 1H), 7.19 (s,1H), 7.08 (t, J = 8.0 Hz, 1H), 6.99 (t, J = 8.0 Hz, 1H), 3.58-3.53 (m,2H),
2.96 (t,J=8.0 Hz, 2H). BC{'H} NMR (100 MHz, CDCl;) 6 166.6, 136.7, 135.2, 131.5, 128.7,
127.7,127.6, 123.1, 121.4, 118.8, 118.7, 112.4, 111.8, 40.7, 25.6.

(1-benzoylpiperidin-4-yl)methyl benzoate, 8aa,’’ Off-white solid, 28 mg, 20%
(hexanes/ethyl acetate, 90:10 v/v). 'TH NMR (400 MHz, DMSO-dy) 6 7.98 (d, J= 7.2 Hz, 2H),
7.67 (t, J=17.6 Hz, 1H), 7.54 (t, J = 7.6 Hz, 2H), 7.45-7.43 (m, 3H), 7.39-7.36 (m, 2H), 4.52
(bs, 1H), 4.18 (d, J = 6.4 Hz, 2H), 3.60 (bs, 1H), 3.06 (bs, 1H), 2.80 (bs, 1H), 2.09-1.71 (m,
4H), 1.29-1.26 (m, 1H). 3C{'H} NMR (100 MHz, DMSO-d;) § 169.4, 166.1, 136.8, 133.8,
130.2, 129.8, 129.6, 129.3, 128.8, 127.1, 68.8, 47.3, 35.6, 29.3, 28.6.

N-(2-hydroxyethyl)benzamide, 9aa,®® Brown liquid, 66 mg, 49 % (hexanes/ethyl acetate,
90:10 v/v). 'H NMR (400 MHz, DMSO-d,) 5 8.44 (s, 1H), 7.86 (d,J= 7.2 Hz, 2H), 7.51 (t, J
— 7.6 Hz, 1H), 7.44 (t, J= 7.6 Hz, 2H), 3.52 (t, J = 6.4 Hz, 2H), 3.41(bs, 1H), 3.35 (t, J = 6.4
Hz, 2H). BC{'H} NMR (100 MHz, DMSO-d,) 6 166.8, 134.9, 131.5, 128.6, 127.6, 60.2, 42.6.
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N-(4-hydroxyphenyl)benzamide, 10aa,*® Brown flakes, 46 mg, 48% (hexanes/ethyl acetate,
90:10 v/v). '"H NMR (400 MHz, DMSO-d,) 6 10.02 (s, 1H), 9.25 (s, 1H), 7.93 (d, J= 7.2 Hz,
2H), 7.58-7.49 (m, 5H), 6.74 (d, J= 8.2 Hz, 2H); 3C{'"H} NMR (100 MHz, DMSO-dy) 8 165.4,
154.2, 135.6, 131.7, 131.1, 128.7, 127.9, 122.7, 116.1, 115.4.

N-(2-hydroxyphenyl)benzamide, 11aa,’® Brown solid, 54 mg, 56% (hexanes/ethyl acetate,
90:10 v/v). 'H NMR (400 MHz, DMSO-d;) § 9.76 (s, 1H), 9.53 (s, 1H), 7.98 (d, J = 7.6 Hz,
2H), 7.69 (d, J = 7.6 Hz, 1H), 7.62-7.52 (m, 3H), 7.05 (t, J = 8.0 Hz, 1H), 6.93 (d, J= 8.0 Hz,
1H), 6.84 (t, J = 7.8 Hz, 1H). '*C{'H} NMR (100 MHz, DMSO-ds) 5 165.7, 149.8, 134.8,
132.1, 128.9, 127.9, 126.1, 124.6, 119.5, 116.4.

(Z)-3-(hydroxy(phenyl)methylene)-1-methylindolin-2-one, 13aa.’! pale yellow solid, 52
mg, 61% (hexanes/ethyl acetate, 90:10 v/v). 'H NMR (400 MHz, CDCl;) & 7.71 (d, J = 6.4
Hz, 2H), 7.49-7.44 (m, 3H), 7.11 (t,J= 7.6 Hz, 2H), 6.87-6.80 (m, 2H), 3.32 (s, 3H). *C{'H}
NMR (100 MHz, CDCl3) 6 172.0,170.9, 139.1, 134.1, 131.3, 128.6, 128.4, 125.9, 121.8, 121.5,
119.7,108.3, 101.4, 25.8.

ASSOCIATED CONTENT
Supporting Information

Isolated C-acyl imidazolium salts and the 'H, '*C and ' F NMR spectra. This material is

available free of charge via the Internet at http:// pubs.acs.org.
AUTHOR INFORMATION
Corresponding Author

* E-mail: velan.g(@vit.ac.in

Acknowledgements

This work is supported by the DST-SERB (EMR/2016/005461), and SEED Grant, VIT
University, Vellore. S.K. acknowledges UGC, India, for SRF [no. F.2-4/2011(SA-I) dated
22.07.2017]. We thank Ramdas Sreedharan for his support and VIT-SIF and [ITM-SAIF for

instrument facilities.

References

24

ACS Paragon Plus Environment

Page 24 of 30


mailto:velan.g@vit.ac.in

Page 25 of 30

oNOYTULT D WN =

(1

2

3)

4)
)
(6)

(7

(®)

©)

(10)

(11
(12)

(13)

(14)

The Journal of Organic Chemistry

Greenberg, A.; Breneman, C. M.; Liebman, J. F. The Amide Linkage: Structural Significance
in Chemistry, Biochemistry, and Materials Science; Wiley-Interscience: New York, 2000.

(a) Godfrey, C. R. A. Agrochemicals from Natural Products; Marcel Dekker: New York,
1995(b) Denmark, S. E.; Werner, N. S. Cross-Coupling of Aromatic Bromides with Allylic
Silanolate Salts.J. Am. Chem. Soc. 2008, 130, 16382(c) Ghosh, A. K.; Brindisi, M. Organic
Carbamates in Drug Design and Medicinal Chemistry.J. Med. Chem. 2015, 58, 2895.

(a) Guo, X.; Facchetti, A.; Marks, T. J. Imide- and Amide-Functionalized Polymer
Semiconductors.Chem. Rev. 2014, 114, 8943(b) Wang, W.; Hammond, P. T. Hydrolysis
resistant functional polypeptide scaffold for biomaterials.Polym. Chem. 2018, 9, 346.

Crespo, L.; Sanclimens, G.; Pons, M.; Giralt, E.; Royo, M.; Albericio, F. Peptide and Amide
Bond-Containing Dendrimers.Chem. Rev. 2005, 105, 1663.

Dunetz, J. R.; Magano, J.; Weisenburger, G. A. Large-Scale Applications of Amide Coupling
Reagents for the Synthesis of Pharmaceuticals.Org. Process Res.Dev. 2016, 20, 140.

Liu, H.; Zhao, L.; Yuan, Y.; Xu, Z.; Chen, K.; Qiu, S.; Tan, H. Potassium Thioacids Mediated
Selective Amide and Peptide Constructions Enabled by Visible Light Photoredox
Catalysis.ACS Catal. 2016, 6, 1732.

(a) Schifer, G.; Matthey, C.; Bode, J. W. Facile Synthesis of Sterically Hindered and Electron-
Deficient Secondary Amides from Isocyanates.Angew. Chem., Int. Ed. 2012, 51, 9173(b) Seo,
H.-A.; Cho, Y.-H.; Lee, Y.-S.; Cheon, C.-H. Formation of Amides from Imines via Cyanide-
Mediated Metal-Free Aerobic Oxidation.J. Org. Chem. 2015, 80, 11993.

(a) Driller, K. M.; Prateeptongkum, S.; Jackstell, R.; Beller, M. A General and Selective Iron-
Catalyzed Aminocarbonylation of Alkynes: Synthesis of Acryl- and Cinnamides.4ngew.
Chem., Int. Ed. 2011, 50, 537(b) Liu, H.; Yan, N.; Dyson, P. J. Acid-free regioselective
aminocarbonylation of alkenes.Chem. Commun. 2014, 50, 7848.

Pandey, G.; Koley, S.; Talukdar, R.; Sahani, P. K. Cross-Dehydrogenating Coupling of
Aldehydes with Amines/R-OTBS Ethers by Visible-Light Photoredox Catalysis: Synthesis of
Amides, Esters, and Ureas.Org. Lett. 2018, 20, 5861.

Premaletha, S.; Ghosh, A.; Joseph, S.; Yetra, S. R.; Biju, A. T. Facile synthesis of N-acyl 2-
aminobenzothiazoles by NHC-catalyzed direct oxidative amidation of aldehydes.Chem.
Commun. 2017, 53, 1478.

Souillart, L.; Cramer, N. Catalytic C—C Bond Activations via Oxidative Addition to Transition
Metals.Chem. Rev. 2015, 115, 9410.

(a) Chen, F.; Wang, T.; Jiao, N. Recent Advances in Transition-Metal-Catalyzed
Functionalization of Unstrained Carbon—Carbon Bonds.Chem. Rev. 2014, 114, 8613(b)
Fumagalli, G.; Stanton, S.; Bower, J. F. Recent Methodologies That Exploit C—C Single-Bond
Cleavage of Strained Ring Systems by Transition Metal Complexes.Chem. Rev. 2017, 117,
9404.

(a) Deng, L.; Xu, T.; Li, H.; Dong, G. Enantioselective Rh-Catalyzed Carboacylation of C=N
Bonds via C—C Activation of Benzocyclobutenones.). Am. Chem. Soc. 2016, 138, 369(b)
Zhang, J.; Wu, D.; Chen, X.; Liu, Y.; Xu, Z. Copper-Catalyzed Oxidative Cyclization of 1,5-
Enynes with Concomitant C—C Bond Cleavage: An Unexpected Access to 3-Formyl-1-
indenone Derivatives.J. Org. Chem. 2014, 79, 4799(c) Zhou, W.; Fan, W.; Jiang, Q.; Liang,
Y.-F.; Jiao, N. Copper-Catalyzed Aerobic Oxidative C—C Bond Cleavage of Unstrained
Ketones with Air and Amines.Org. Lett. 2015, 17, 2542.

(a) Sun, X.; Wang, M.; Li, P.; Zhang, X.; Wang, L. H202-mediated oxidative formation of
amides from aromatic amines and 1,3-diketones as acylation agents via C—C bond cleavage at
room temperature in water under metal-free conditions.Green Chem. 2013, 15, 3289(b) Ding,
W.; Song, Q. Cu-catalyzed aerobic oxidative amidation of aryl alkyl ketones with azoles to
afford tertiary amides via selective C—C bond cleavage.Org. Chem. Front. 2015, 2, 765(c)
Yadav, D. K. T.; Bhanage, B. M. Base-catalyzed synthesis of amides and imines via C—C and
C-C bond cleavage.RSC Adv. 2015, 5, 12387(d) Guo, R.; Zhu, C.; Sheng, Z.; Li, Y.; Yin, W.;
Chu, C. Silica sulfuric acid mediated acylation of amines with 1,3-diketones via CC bond
cleavage under solvent-free conditions.Tetrahedron Lett. 2015, 56, 6223(e) Wang, S.; Yu, Y.;
Chen, X.; Zhu, H.; Du, P.; Liu, G.; Lou, L.; Li, H.; Wang, W. FeCl3-catalyzed selective

25

ACS Paragon Plus Environment



oNOYTULT D WN =

(15)

(16)

(17)
(18)

(19)

(20)

(e2)

(22)

(23)

24

(25)

(26)

27

(28)

(29)

(30)

The Journal of Organic Chemistry

acylation of amines with 1,3-diketones via C—C bond cleavage.Tetrahedron Lett. 2015, 56,
3093.

(a) Xie, L.-G.; Wang, Z.-X. Nickel-Catalyzed Cross-Coupling of Aryltrimethylammonium
Iodides with Organozinc Reagents.Angew. Chem., Int. Ed. 2011, 50, 4901(b) Blakey, S. B.;
MacMillan, D. W. C. The First Suzuki Cross-Couplings of Aryltrimethylammonium Salts.J.
Am. Chem. Soc. 2003, 125, 6046(c) Zhang, X.-Q.; Wang, Z.-X. Nickel-catalyzed cross-
coupling of aryltrimethylammonium triflates and amines.Org. Biomol. Chem. 2014, 12, 1448.
Chakrabarty, 1.; Akram, M. O.; Biswas, S.; Patil, N. T. Visible light mediated desilylative
C(sp2)—-C(sp2) cross-coupling reactions of arylsilanes with aryldiazonium salts under
Au(l)/Au(lll) catalysis.Chem. Commun. 2018, 54, 7223.

Panferova, L. I.; Tsymbal, A. V.; Levin, V. V.; Struchkova, M. L.; Dilman, A. D. Reactions of
gem-Difluorinated Phosphonium Salts Induced by Light.Org. Lett. 2016, 18, 996.

Dong, D.-J.; Li, Y.; Wang, J.-Q.; Tian, S.-K. Tunable stereoselective alkene synthesis by
treatment of activated imines with nonstabilized phosphonium ylides.Chem. Commun. 2011,
47,2158.

Lagueux-Tremblay, P.-L.; Fabrikant, A.; Arndtsen, B. A. Palladium-Catalyzed Carbonylation
of Aryl Chlorides to Electrophilic Aroyl-DMAP Salts.ACS Catal. 2018, &, 5350.

Denmark, S. E.; Werner, N. S. On the Stereochemical Course of Palladium-Catalyzed Cross-
Coupling of Allylic Silanolate Salts with Aromatic Bromides.J. Am. Chem. Soc. 2010, 132,
3612.

Simko, D. C.; Elekes, P.; Pazmandi, V.; Novak, Z. Sulfonium Salts as Alkylating Agents for
Palladium-Catalyzed Direct Ortho Alkylation of Anilides and Aromatic Ureas.Org. Lett. 2018,
20, 676.

Huang, P.-Q.; Chen, H. Ni-Catalyzed cross-coupling reactions of N-acylpyrrole-type amides
with organoboron reagents.Chem. Commun. 2017, 53, 12584.

Meng, G.; Szostak, R.; Szostak, M. Suzuki—-Miyaura Cross-Coupling of N-Acylpyrroles and
Pyrazoles: Planar, Electronically Activated Amides in Catalytic N—C Cleavage.Org. Lett. 2017,
19, 3596.

Katritzky, A. R.; Pastor, A.; Voronkov, M.; Tymoshenko, D. Polymer-Supported Triazole and
Benzotriazole Leaving Groups. Three New Examples and a Comparison of Their Efficiency.J.
Comb. Chem. 2001, 3, 167.

(a) Trost, B. M.; Xu, J. The O-Acylation of Ketone Enolates by Allyl 1H-Imidazole-1-
carboxylate Mediated with Boron Trifluoride EtherateA Convenient Procedure for the
Synthesis of Substituted Allyl Enol Carbonates.J. Org. Chem. 2007, 72, 9372(b) Heller, S. T.;
Fu, T.; Sarpong, R. Dual Brensted Acid/Nucleophilic Activation of Carbonylimidazole
Derivatives.Org. Lett. 2012, 14, 1970.

Beutner, G. L.; Young, 1. S.; Davies, M. L.; Hickey, M. R.; Park, H.; Stevens, J. M.; Ye, Q.
TCFH-NMI: Direct Access to N-Acyl Imidazoliums for Challenging Amide Bond
Formations.Org. Lett. 2018, 20, 4218.

Ohta, S.; Hayakawa, S.; Moriwaki, H.; Tsuboi, S.-i.; Okamoto, M. Synthesis of 2-Acyl-1-
methyl-1H-imidazoles and Reactivity of the Acyl Group.Heterocycles 1985, 23, 1759

(a) Cramer, D. L.; Bera, S.; Studer, A. Exploring Cooperative Effects in Oxidative NHC
Catalysis: Regioselective Acylation of Carbohydrates.Chem. - Eur. J. 2016, 22, 7403(b)
Samanta, R. C.; De Sarkar, S.; Frohlich, R.; Grimme, S.; Studer, A. N-Heterocyclic carbene
(NHC) catalyzed chemoselective acylation of alcohols in the presence of amines with various
acylating reagents.Chem. Sci. 2013, 4, 2177(c) De Sarkar, S.; Grimme, S.; Studer, A. NHC
Catalyzed Oxidations of Aldehydes to Esters: Chemoselective Acylation of Alcohols in
Presence of Amines.J. Am. Chem. Soc. 2010, 132, 1190.

Samanta, R. C.; Maji, B.; De Sarkar, S.; Bergander, K.; Frohlich, R.; Miick-Lichtenfeld, C.;
Mayr, H.; Studer, A. Nucleophilic Addition of Enols and Enamines to a,p-Unsaturated Acyl
Azoliums: Mechanistic Studies.Angew. Chem., Int. Ed. 2012, 51, 5234.

Hoshimoto, Y.; Asada, T.; Hazra, S.; Kinoshita, T.; Sombut, P.; Kumar, R.; Ohashi, M.;
Ogoshi, S. Strategic Utilization of Multifunctional Carbene for Direct Synthesis of Carboxylic—
Phosphinic Mixed Anhydride from CO2.4ngew. Chem., Int. Ed. 2016, 55, 16075.

26

ACS Paragon Plus Environment

Page 26 of 30



Page 27 of 30

oNOYTULT D WN =

€3]

(32)

(33)

(34

(35)

(36)

(37

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)
(46)

(47)

The Journal of Organic Chemistry

Steiner, G.; Krajete, A.; Kopacka, H.; Ongania, K.-H.; Wurst, K.; Preishuber-Pfliigl, P.;
Bildstein, B. [1,2]-Rearrangement of Imino-N-heterocyclic Carbenes — Synthesis and
Structures of Chelating Iminoimidazole Pd and Ni Complexes.Eur. J. Inorg. Chem. 2004, 2004,
2827.

Ma, J.; Harms, K.; Meggers, E. Enantioselective rhodium/ruthenium photoredox catalysis en
route to chiral 1,2-aminoalcohols.Chem. Commun. 2016, 52, 10183.

(a) Chiang, P.-C.; Rommel, M.; Bode, J. W. o'-Hydroxyenones as Mechanistic Probes and
Scope-Expanding Surrogates for o,B-Unsaturated Aldehydes in N-Heterocyclic Carbene-
Catalyzed Reactions.J. Am. Chem. Soc. 2009, 131, 8714(b) Movassaghi, M.; Schmidt, M. A.
N-Heterocyclic Carbene-Catalyzed Amidation of Unactivated Esters with Amino
Alcohols.Org. Lett. 2005, 7, 2453.

Maki, B. E.; Scheidt, K. A. N-Heterocyclic Carbene-Catalyzed Oxidation of Unactivated
Aldehydes to Esters.Org. Lett. 2008, 10, 4331.

Ohta, S.; Hayakawa, S.; Nishimura, K.; Okamoto, M. Synthesis and Application of Imidazole
Derivatives. Synthesis of (1-Methyl-1H-imidazol-2-yl) methanol Derivatives and Conversion
into Carbonyl Compounds.Chem. Pharm. Bull. 1987, 35, 1058.

Ohta, S.; Hayakawa, S.; Okamoto, M. Generation of an active acyl species from stable 1-
methyl-2-acyl-1h-imidazoles.Tetrahedron Lett. 1984, 25, 5681.

(a) Schlossberg, D. Antibiotics Manual: A Guide to Commonly Used Antimicrobials; Second
Edition ed.; Wiley-Blackwell, 2017(b) Yao, Y.; Zhao, L.; Yang, J.; Yang, J. Glucose-
Responsive Vehicles Containing Phenylborate Ester for Controlled Insulin Release at Neutral
pH.Biomacromolecules 2012, 13, 1837(c) Takise, R.; Muto, K.; Yamaguchi, J. Cross-coupling
of aromatic esters and amides.Chem. Soc. Rev. 2017, 46, 5864(d) Son, H. J.; He, F.; Carsten,
B.; Yu, L. Are we there yet? Design of better conjugated polymers for polymer solar cells.J.
Mater. Chem. 2011, 21, 18934.

Neuvonen, H.; Neuvonen, K.; Pasanen, P. Evidence of Substituent-Induced Electronic
Interplay. Effect of the Remote Aromatic Ring Substituent of Phenyl Benzoates on the
Sensitivity of the Carbonyl Unit to Electronic Effects of Phenyl or Benzoyl Ring Substituents.J.
Org. Chem. 2004, 69, 3794.

Bao, Y.-S.; Baiyin, M.; Agula, B.; Jia, M.; Zhaorigetu, B. Energy-Efficient Green Catalysis:
Supported Gold Nanoparticle-Catalyzed Aminolysis of Esters with Inert Tertiary Amines by
C—0 and C-N Bond Activations.J. Org. Chem. 2014, 79, 6715.

Liu, Z.; Ma, Q.; Liu, Y.; Wang, Q. 4-(N,N-Dimethylamino)pyridine Hydrochloride as a
Recyclable Catalyst for Acylation of Inert Alcohols: Substrate Scope and Reaction
Mechanism.Org. Lett. 2014, 16, 236.

Zhang, N.; Yang, R.; Zhang-Negrerie, D.; Du, Y.; Zhao, K. Direct Conversion of N-
Alkoxyamides to Carboxylic Esters through Tandem NBS-Mediated Oxidative Homocoupling
and Thermal Denitrogenation.J. Org. Chem. 2013, 78, 8705.

Huang, X.; Li, X.; Zou, M.; Song, S.; Tang, C.; Yuan, Y.; Jiao, N. From Ketones to Esters by
a Cu-Catalyzed Highly Selective C(CO)—C(alkyl) Bond Cleavage: Aerobic Oxidation and
Oxygenation with Air.J. Am. Chem. Soc. 2014, 136, 14858.

Kagawa, N.; Nibbs, A. E.; Rawal, V. H. One-Carbon Homologation of Primary Alcohols to
Carboxylic Acids, Esters, and Amides via Mitsunobu Reactions with MAC Reagents.Org. Lett.
2016, 18, 2363.

Garcia-Cabeza, A. L.; Marin-Barrios, R.; Moreno-Dorado, F. J.; Ortega, M. J.; Massanet, G.
M.; Guerra, F. M. Allylic Oxidation of Alkenes Catalyzed by a Copper—Aluminum Mixed
Oxide.Org. Lett. 2014, 16, 1598.

Guo, Q.; Miyaji, T.; Hara, R.; Shen, B.; Takahashi, T. Group 5 and group 6 metal halides as
very efficient catalysts for acylative cleavage of ethers.Tetrahedron 2002, 58, 7327.
Shendage, D. M.; Frohlich, R.; Haufe, G. Highly Efficient Stereoconservative Amidation and
Deamidation of a-Amino Acids.Org. Lett. 2004, 6, 3675.

Liu, Y.; Shi, S.; Achtenhagen, M.; Liu, R.; Szostak, M. Metal-Free Transamidation of
Secondary Amides via Selective N-C Cleavage under Mild Conditions.Org. Lett. 2017, 19,
1614,

27

ACS Paragon Plus Environment



oNOYTULT D WN =

(48)

(49)

(50)

(5D

(52)

(53)

(54

(55)

(56)

(57)

(58)

(59)

(60)

(61)
(62)

(63)

(64)

(65)

(66)

The Journal of Organic Chemistry

Wu, H.; Guo, W.; Daniel, S.; Li, Y.; Liu, C.; Zeng, Z. Fluoride-Catalyzed Esterification of
Amides.Chem. - Eur. J. 2018, 24, 3444,

Yuan, Y.-C.; Kamaraj, R.; Bruneau, C.; Labasque, T.; Roisnel, T.; Gramage-Doria, R.
Unmasking Amides: Ruthenium-Catalyzed Protodecarbonylation of N-Substituted Phthalimide
Derivatives.Org. Lett. 2017, 19, 6404.

Wagner, P.; Bollenbach, M.; Doebelin, C.; Bihel, F.; Bourguignon, J.-J.; Salomé, C.; Schmitt,
M. t-BuXPhos: a highly efficient ligand for Buchwald—Hartwig coupling in water.Green Chem.
2014, 76, 4170.

Wang, L.-L.; Chen, Z.; Liu, W.-E.; Ke, H.; Wang, S.-H.; Jiang, W. Molecular Recognition and
Chirality Sensing of Epoxides in Water Using Endo-Functionalized Molecular Tubes.J. Am.
Chem. Soc. 2017, 139, 8436.

Lim, D. S. W.; Lew, T. T. S.; Zhang, Y. Direct Amidation of N-Boc- and N-Cbz-Protected
Amines via Rhodium-Catalyzed Coupling of Arylboroxines and Carbamates.Org. Lett. 2015,
17,6054,

Huang, B.; Zhao, Y.; Yang, C.; Gao, Y.; Xia, W. Combining Eosin Y with Selectfluor: A
Regioselective Brominating System for Para-Bromination of Aniline Derivatives.Org. Lett.
2017, 19, 3799.

Vinayak, B.; Chandrasekharam, M. Copper-Catalyzed Direct Nitration on Aryl C-H Bonds by
Concomitant Azidation—Oxidation with TMS Azide and TBHP under Aerobic Conditions.Org.
Lett. 2017, 19, 3528.

Hwang, J. Y.; Smithson, D.; Connelly, M.; Maier, J.; Zhu, F.; Guy, K. R. Discovery of halo-
nitrobenzamides with potential application against human African trypanosomiasis.Bioorganic
Med. Chem. Lett. 2010, 20, 149.

Young, B. M.; Hyatt, J. L.; Bouck, D. C.; Chen, T.; Hanumesh, P.; Price, J.; Boyd, V. A.; Potter,
P. M.; Webb, T. R. Structure—Activity Relationships of Substituted 1-Pyridyl-2-phenyl-1,2-
ethanediones: Potent, Selective Carboxylesterase Inhibitors.J. Med. Chem. 2010, 53, 8709.
Menezes, F. G.; Kolling, R.; Bortoluzzi, A. J.; Gallardo, H.; Zucco, C. Hexabromoacetone as
tribromoacetylating agent of alcohols and amines and as mediator in the conversion of
carboxylic acids into amides in the presence of triphenylphosphine.Tetrahedron Lett. 2009, 50,
2559.

Li, Z.; Wang, C.; Wang, Y.; Yuan, D.; Yao, Y. Heterobimetallic Lanthanide—Sodium Alkoxides
Catalyze the Amidation of Esters.4sian J. Org. Chem. 2018, 7, 810.

Zhang, Y.; Riemer, D.; Schilling, W.; Kollmann, J.; Das, S. Visible-Light-Mediated Efficient
Metal-Free Catalyst for a-Oxygenation of Tertiary Amines to Amides.ACS Catal. 2018, §,
6659.

Braddock, D. C.; Lickiss, P. D.; Rowley, B. C.; Pugh, D.; Purnomo, T.; Santhakumar, G.;
Fussell, S. J. Tetramethyl Orthosilicate (TMOS) as a Reagent for Direct Amidation of
Carboxylic Acids.Org. Lett. 2018, 20, 950.

Quesnel, J. S.; Fabrikant, A.; Arndtsen, B. A. A flexible approach to Pd-catalyzed
carbonylations via aroyl dimethylaminopyridinium salts.Chem. Sci. 2016, 7, 295.

Das, J.; Banerjee, D. Nickel-Catalyzed Phosphine Free Direct N-Alkylation of Amides with
Alcohols.J. Org. Chem. 2018, 83, 3378.

Rodriguez-Lugo, R. E.; Trincado, M.; Griitzmacher, H. Direct Amidation of Aldehydes with
Primary Amines under Mild Conditions Catalyzed by Diolefin-Amine—Rhl
Complexes.ChemCatChem 2013, 5, 1079.

Bilyachenko, A. N.; Dronova, M. S.; Yalymov, A. 1.; Lamaty, F.; Bantreil, X.; Martinez, J.;
Bizet, C.; Shul'pina, L. S.; Korlyukov, A. A.; Arkhipov, D. E.; Levitsky, M. M.; Shubina, E.
S.; Kirillov, A. M.; Shul'pin, G. B. Cage-like Copper(Il) Silsesquioxanes: Transmetalation
Reactions and Structural, Quantum Chemical, and Catalytic Studies.Chem. - Eur. J. 2015, 21,
8758.

Cassani, C.; Bergonzini, G.; Wallentin, C.-J. Photocatalytic Decarboxylative Reduction of
Carboxylic Acids and Its Application in Asymmetric Synthesis.Org. Lett. 2014, 16, 4228.
Bantreil, X.; Fleith, C.; Martinez, J.; Lamaty, F. Copper-Catalyzed Direct Synthesis of
Benzamides from Alcohols and Amines.ChemCatChem 2012, 4, 1922.

28

ACS Paragon Plus Environment

Page 28 of 30



Page 29 of 30

oNOYTULT D WN =

(67)

(68)

(69)

(70)

(71)

(72)

(73)

(74

(75)

(76)

(77)

(78)

(79)

(80)

(81)

(82)

(83)

(84)

(85)

The Journal of Organic Chemistry

Yedage, S. L.; D'Silva, D. S.; Bhanage, B. M. MnO2 catalyzed formylation of amines and
transamidation of amides under solvent-free conditions.RSC Adv. 2015, 5, 80441.

Tinnis, F.; Verho, O.; Gustafson, K. P. J.; Tai, C.-W.; Backvall, J.-E.; Adolfsson, H. Efficient
Palladium-Catalyzed Aminocarbonylation of Aryl Iodides Using Palladium Nanoparticles
Dispersed on Siliceous Mesocellular Foam.Chem. - Eur. J. 2014, 20, 5885.

Smedley, C. J.; Barrow, A. S.; Spiteri, C.; Giel, M.-C.; Sharma, P.; Moses, J. E. Sulfur—Fluoride
Exchange (SuFEx)-Mediated Synthesis of Sterically Hindered and Electron-Deficient
Secondary and Tertiary Amides via Acyl Fluoride Intermediates.Chem. - Eur. J. 2017, 23,
9990.

Liu, H.-X.; Dang, Y.-Q.; Yuan, Y.-F.; Xu, Z.-F.; Qiu, S.-X.; Tan, H.-B. Diacyl Disulfide: A
Reagent for Chemoselective Acylation of Phenols Enabled by 4-(N,N-Dimethylamino)pyridine
Catalysis.Org. Lett. 2016, 18, 5584.

Sharma, P.; Rohilla, S.; Jain, N. Palladium Catalyzed Carbonylative Coupling for Synthesis of
Arylketones and Arylesters Using Chloroform as the Carbon Monoxide Source.J. Org. Chem.
2017, 82, 1105.

Kumar, M.; Bagchi, S.; Sharma, A. The first vinyl acetate mediated organocatalytic
transesterification of phenols: a step towards sustainability.New J. Chem. 2015, 39, 8329.

Tu, Y.; Yuan, L.; Wang, T.; Wang, C.; Ke, J.; Zhao, J. Palladium-Catalyzed Oxidative
Carbonylation of Aryl Hydrazines with CO and O2 at Atmospheric Pressure.J. Org. Chem.
2017, 82, 4970.

Chun, S.; Chung, Y. K. Transition-Metal-Free Poly(thiazolium) Iodide/1,8-
Diazabicyclo[5.4.0Jundec-7-ene/Phenazine-Catalyzed Esterification of Aldehydes with
Alcohols.Org. Lett. 2017, 19, 3787.

Tamura, M.; Hakim Siddiki, S. M. A.; Shimizu, K.-i. CeO2 as a versatile and reusable catalyst
for transesterification of esters with alcohols under solvent-free conditions.Green Chem. 2013,
15, 1641.

Lu, B.; Zhu, F.; Sun, H.-M.; Shen, Q. Esterification of the Primary Benzylic C—H Bonds with
Carboxylic Acids Catalyzed by lonic Iron(IIl) Complexes Containing an Imidazolinium
Cation.Org. Lett. 2017, 19, 1132.

Rout, S. K.; Guin, S.; Ghara, K. K.; Banerjee, A.; Patel, B. K. Copper Catalyzed Oxidative
Esterification of Aldehydes with Alkylbenzenes via Cross Dehydrogenative Coupling.Org.
Lett. 2012, 14, 3982.

Tang, L.; Guo, X.; Li, Y.; Zhang, S.; Zha, Z.; Wang, Z. Pt, Pd and Au nanoparticles supported
on a DNA-MMT hybrid: efficient catalysts for highly selective oxidation of primary alcohols
to aldehydes, acids and esters.Chem. Commun. 2013, 49, 5213.

Xie, F.; Yan, F.; Chen, M.; Zhang, M. Base-catalyzed retro-Claisen condensation: a convenient
esterification of alcohols via C—C bond cleavage of ketones to afford acylating sources.RSC
Adv. 2014, 4, 29502.

Feng, J.; Liang, S.; Chen, S.-Y.; Zhang, J.; Fu, S.-S.; Yu, X.-Q. A Metal-Free Oxidative
Esterification of the Benzyl C-H Bond.Adv. Synth. Catal. 2012, 354, 1287.

Yang, H.-K.; Su, M.-M.; Ren, L.-J.; Tang, J.; Yan, Y.-K.; Miao, W.-K.; Zheng, P.; Wang, W.
Post-Functionalization of an Anderson-Type Polyoxomolybdate Using a Metal-Free Diels—
Alder Click Reaction.Eur. J. Inorg. Chem. 2013, 2013, 1381.

Gribble, M. W.; Pirnot, M. T.; Bandar, J. S.; Liu, R. Y.; Buchwald, S. L. Asymmetric Copper
Hydride-Catalyzed Markovnikov Hydrosilylation of Vinylarenes and Vinyl Heterocycles.J.
Am. Chem. Soc. 2017, 139, 2192.

Iranpoor, N.; Firouzabadi, H.; Khalili, D. 5,5'-Dimethyl-3,3'-azoisoxazole as a new
heterogeneous azo reagent for esterification of phenols and selective esterification of benzylic
alcohols under Mitsunobu conditions.Org. Biomol. Chem. 2010, 8, 4436.

Liu, H.; Shi, G.; Pan, S.; Jiang, Y.; Zhang, Y. Palladium-Catalyzed Benzylation of Carboxylic
Acids with Toluene via Benzylic C—H Activation.Org. Lett. 2013, 15, 4098.

Guo, Y.-F.; Mahmood, S.; Xu, B.-H.; Yao, X.-Q.; He, H.-Y.; Zhang, S.-J. Oxidation of
Aromatic Aldehydes to Esters: A Sulfate Radical Redox System.J. Org. Chem. 2017, 82, 1591.

29

ACS Paragon Plus Environment



oNOYTULT D WN =

(86)

(87)

(88)

(89)

(90)

oD

The Journal of Organic Chemistry

Li, Y.; Feng, T.; Liu, P.; Liu, C.; Wang, X.; Li, D.; Li, N.; Chen, M.; Xu, Y.; Si, S. Optimization
of Rutaecarpine as ABCA1 Up-Regulator for Treating Atherosclerosis.ACS Med. Chem. Lett
2014, 5, 884.

Ohshima, T.; Iwasaki, T.; Maegawa, Y.; Yoshiyama, A.; Mashima, K. Enzyme-Like
Chemoselective Acylation of Alcohols in the Presence of Amines Catalyzed by a Tetranuclear
Zinc Cluster.J. Am. Chem. Soc. 2008, 130, 2944.

Denton, R. M.; An, J.; Adeniran, B.; Blake, A. J.; Lewis, W.; Poulton, A. M. Catalytic
Phosphorus(V)-Mediated Nucleophilic Substitution Reactions: Development of a Catalytic
Appel Reaction.J. Org. Chem. 2011, 76, 6749.

Ikawa, T.; Barder, T. E.; Biscoe, M. R.; Buchwald, S. L. Pd-Catalyzed Amidations of Aryl
Chlorides Using Monodentate Biaryl Phosphine Ligands: A Kinetic, Computational, and
Synthetic Investigation.J. Am. Chem. Soc. 2007, 129, 13001.

Ben Halima, T.; Vandavasi, J. K.; Shkoor, M.; Newman, S. G. A Cross-Coupling Approach to
Amide Bond Formation from Esters.ACS Catal. 2017, 7, 2176.

Lian, Z.; Friis, S. D.; Skrydstrup, T. Palladium-Catalyzed Carbonylative a-Arylation of 2-
Oxindoles with (Hetero)aryl Bromides: Efficient and Complementary Approach to 3-Acyl-2-
oxindoles.Angew. Chem., Int. Ed. 2014, 53, 9582.

30

ACS Paragon Plus Environment

Page 30 of 30



