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Abstract:

The palladium-catalyzed arylation and alkenylation of N-substituted 
methyl imidazole-4-carboxylates are described through inter- and 
intramolecular pathways. Both direct C2-H and C5-H arylation and 
alkenylation proceed under Pd(0) / Cu(I) cooperative catalysis and Pd(0) 
catalysis respectively using carbonate assistance in low-polarity 1,4-
dioxane solvent. The methodology gives access to C2 (hetero)aryl- or 
alkenyl imidazoles as well as innovative C2 and C5 arylated fused 
imidazoles tricycles with a 5- to 7 membered middle ring.
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Abstract The palladium-catalyzed arylation and alkenylation of N-
substituted methyl imidazole-4-carboxylates are described through 
inter- and intramolecular pathways. Both direct C2-H and C5-H 
arylation and alkenylation proceed under Pd(0) / Cu(I) cooperative 
catalysis and Pd(0) catalysis respectively using carbonate assistance 
in low-polarity 1,4-dioxane solvent. The methodology gives access to 
C2 (hetero)aryl- or alkenyl imidazoles as well as innovative C2 and C5 
arylated fused imidazoles tricycles with a 5- to 7 membered middle ring.

Key words C-H functionalization, palladium catalysis, imidazole, 
arylation, alkenylation

Imidazoles are abundantly present in various naturally-
occurring and biologically active compounds,1 pharmaceutics2 
and materials.3 This class of azaheterocycle is employed to 
produce N-heterocyclic carbenes (NHC) used as ligands in 
various transition-metal complexes in homogeneous catalysis4 
and organocatalysis.5 Imidazolium-based ionic liquids are also 
often considered as green reaction media due to their unique 
chemical and physical properties.6

In this context, concise synthetic access towards imidazole 
cores is of high importance. Since last decades, the synthesis of 
imidazoles over numerous standard condensation reactions has 
been intensively reported.7 The main drawback arises from the 
introduction at an early stage of the adequate functional group 
which penalizes the subsequent cyclization sequence. One of 
modern synthetic alternative is focused on the late-stage 
palladium-catalyzed C-H functionalization reactions from C2, C4 
& C5 unsubstituted imidazoles.8,9,10,11,12 In particular, Pd(0)-
catalyzed C-H (hetero)arylation of N-substituted imidazoles with 
aryl halides at C2 and/or C5 positions has been widely studied by 

Bellina and Rossi group.12 As some remarkable progresses, the 
orthogonal C2-H versus C5-H arylation of N-substituted 
imidazoles have been developed respectively under base-
assisted Pd(0) / Cu(I) cooperative catalysis and Pd(0)-catalyzed 
concerted metalation-deprotonation (CMD), taking advantage of 
the acidic and the nucleophilic specific characters of respectively 
C2 and C5 sites.12b,i Although being less reactive, the C4 position 
of the imidazole ring was also reached through rare C-H 
functionalization reactions methodology.13 Inspired by the 
pioneering Suzuki work on intramolecular C-H arylation of N-
bromophenyl imidazole-4-carboxamide14 and, in line, with our 
ongoing interest for the regioselective Pd(0)-catalyzed C-H 
arylation and alkenylation with halides of (oxa)thiazole-4-
carboxylates,15 as well as imidazole-5-carboxylate,16 we turned 
our attention to the 4-carboxyimidazole series. Unlike the parent 
imidazole, the presence of the ester function at the C4 site offers 
several new synthetic and methodologic opportunities. Indeed, 
the carboxylate group may be gracelessly easily removed by 
catalytic extrusion of volatile CO2 or converted into wealth of 
other moieties, and can be used as leaving group in various 
decarboxylative coupling with formation of C-C or C-heteroatom 
bonds.17 Herein, we turned our attention to an exhaustive study 
of selective C2-H and C5-H arylation of different methyl N-
substituted imidazole-4-carboxylate with aryl halides under 
Pd(0) catalysis through both inter- and intramolecular pathways. 
The later one opens access to innovative non-aromatic 
imidazoles-based tricycles offering potential for applications in 
pharmaceutical sciences.

We started our investigations by selecting the N-benzyl 
methyl imidazole-4-carboxylate 1a as substrate, which was 
readily prepared by N-benzylation of the commercially available 
methyl imidazole-4-carboxylate under SN2-type nucleophilic 
substitution using NaH as base and benzylbromide as 
electrophilic reagent.18,19 The first set of Pd(0)-catalyzed C-H 
arylation of 1a with of 4-bromotoluene (1.2 equivalent) was 
carried out by using Pd(OAc)2 catalyst, PPh3 ligand (Table 1) and 
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Cu(I) as additive to reach selectively the C2 site in accordance to 
Bellina and Rossi reported work.12i In fact, the reaction was found 
poorly efficient in the standardly-used high polar DMF solvent 
with both potassium and cesium carbonates leading mainly to 
degradation of starting material 1a (Table 1, entry 1). However 
in the less polar 1,4-dioxane solvent, the Pd(0)-catalyzed and CuI-
assisted C-H arylation of 1a with bromotoluene provided 
selectively the C2-H arylated imidazole-4-carboxylate 3a in 34% 
yield (Table 1, entry 2).

Table 1 Optimization of the palladium-catalysed intermolecular direct 
C-H arylation of 1a

N

NMeO2C

H

H
Bn

N

NMeO2C

H
Bn

Me

1a 3a

Pd(OAc)2 (5 mol%)
PPh3 (10 mol%)

CuI (X equiv)
Base (2 equiv)

Solvent, 140 °C, 18h

Br

Me

2a (1.2 equiv)

Entry Base Solventb CuI (n 
equiv) Yield (%)a

1 K2CO3 DMF 2 < 5

2 K2CO3 1,4-dioxane 2 34

3 Cs2CO3 1,4-dioxane 2 4

4 CsF 1,4-dioxane 2 51

5 DBU 1,4-dioxane 2 76

6 DBU 1,4-dioxane 2 95b

7 DBU 1,4-dioxane 2 66c

8 DBU 1,4-dioxane 1 65

9 DBU 1,4-dioxane - <5

10 Cs2CO3 1,4-dioxane -- < 5

11 K2CO3 1,4-dioxane -- < 5

a Yield of isolated compound. b Using 4-iodotoluene (1.2 eq) as electrophilic reagent 
instead of 4-bromotoluene. c Reaction conditions: 1a (1 eq), 4-iodotoluene (1 eq), 
Pd(OAc)2 (5 mol %), PCy3.HBF4 (10 mol %), DBU (2 eq), CuI (2 eq), in 1,4-dioxane 
([1a] = 0.16M), 210 °C, 20 min under microwave irradiation.

Three additional bases, Cs2CO3, CsF and DBU were then evaluated. 
Cs2CO3 proved to be deleterious to the CH arylation process 
leading mainly to degradation of the starting material 1a (Table 1, 
entries 3). On the other hand, CsF and DBU were found more 
operating than K2CO3 base since the C2-arylated imidazole-4-
carboxylate 3a was produced in respectively 51 and 76% yields 
(Table 1, entries 4 and 5). Changing the electrophile for para-
iodotoluene and keeping DBU as base led to the production of 3a 
in excellent 95% isolated yield (Table 1, entries 6). Then, the C-H 
arylation of the methyl imidazole-4-carboxylate 1a with para-
iodotoluene was carried out under microwave irradiation using 
the optimal conditions. However, in this case, the use of PPh3 as 
ligand which is prone to C-P cleavage reactions20,21 led, as side 
product, to the introduction of a phenyl on the position 2 of the 
imidazole 1a. As a replacement, PCy3.HBF4 ligand was then 
employed. In that case, the C2-arylated imidazole-4-carboxylate 

3a was obtained as single product in 66% yield after 20 min 
irradiation (Table 1, entry 7). As additional observations, lower 
amounts of CuI reduced the efficiency of the C-H arylation process 
with para-bromotoluene (Table 1, entry 8). Moreover, more 
importantly, without copper, very poor reactivity was observed 
(Table 1, entry 9-11) using DBU as well as Cs2CO3 and K2CO3 as 
bases suggesting that the standard carbonate-assisted palladium-
catalyzed C-H arylation process is not operative. 

N

NMeO2C

Bn
1a

Pd(OAc)2 (5 mol%)
PPh3 (10 mol%),

DBU (2 equiv), CuI (2 equiv),
1,4-dioxane, 140 °C, 18 h

N
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Bn
3b-p

(Het)Ar
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N

N
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N
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N

NMeO2C
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NC

N
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[Br] = 86%
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N
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Bn3f

[Br] = 49%, [I] = 86% (28%)a

N
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Bn3g

[Br] = 56%, [I] = 88%

F CF3

N

NMeO2C

Bn3h

[Br] = 77% ([I] = 56%)a

N

NMeO2C

Bn3i

[Br] = 46%, [I] = 46% (49%)a

NO2

O

MeO2C

N

NMeO2C

Bn3j

[Br] = 80% ([I] = 37%)a

N

NMeO2C

Bn3k
N

[Br] = 90% ([I] = 26%)a

CO2Me

N

NMeO2C

Bn3l
N

N

[Br] = 86% (20%)a

N

NMeO2C

Bn
3m, Y = O, R = H
[Br] = 72% (11%)a

Y

(Het)Ar-X or vinyl-Br
(1.2 equiv)

N

NMeO2C

Bn3o
Ph

[Br] = 67%b

N

NMeO2C

Bn3p

[Br] = 81%b

R

3n, Y = S, R = Me
[Br] = 47% (10%)a

Scheme 1 Scope of (hetero)aryl and alkenyl halides. a Yields obtained under 
microwave irradiation conditions (Table 1, entry 10) are given in brackets. b 
P(o-tolyl)3 phosphine ligand was used instead of PPh3.

With these optimal catalytic conditions in hands, the scope of the 
intermolecular arylation of the imidazole 1a with different 
bromo- and iodoarenes as electrophiles was investigated.22,23 
Interestingly, the methodology revealed to be operative over a 
wide range of aryl bromides incorporating electron-withdrawing 
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groups and another electron-donating group. Notably, a broad 
series of C2-arylated imidazoles flanked with methyl (3a), 
methoxy (3b), cyano (3c-e), fluoro (3f), trifluoromethyl (3g), 
nitro (3h), methylketone (3i) and methyl ester (3j) groups were 
successfully isolated in moderate to good yields (Scheme 1). The 
yields could be significantly improved by using aryliodides as 
electrophile reagents as exemplified for methyl C2-arylated 
imidazole-4-carboxylates 3b, 3d, 3g and 3f. Importantly, the 
protocol remained remarkably highly efficient with 
bromoheterocycles as electrophile reagents. Indeed, several 
methyl C2-heteroarylated-imidazole-4-carboxylates have been 
synthetized in presence of standard heterocycles such as pyridine 
(3k), pyrimidine (3l), furan (3m) and 5-methylthiophene (3n). 
As additional studies, some reactions were performed under 
microwave irradiation using iodoarenes.  Although the time of the 
reaction was reduced to 20 min compared to conventional 
heating, in most of cases, lower performances were observed 
since methyl imidazole-4-carboxylates 3b-c,f,h-n were obtained 
in a range of poor to moderate yields (10-56%). 

As already mentioned, the regioselective direct arylation to afford 
the C2- or C5-arylated imidazole compounds has attracted a lot of 
attention during the past decades. However, the C2-H 
alkenylation of naked-imidazole has been less successful in 
contrast to their benzo-fused azole derivatives such as 
benzimidazole under Pd (with or without copper co-catalysis) 
catalysis from the corresponding alkenyl bromides.24,25 
Nevertheless, a Pd-catalyzed cross-dehydrogenative coupling 
reaction was successfully developed by Ong in 2014 to afford the 
corresponding C2-alkenylated imidazole.26 In this context, the C-
H alkenylation of 1a with alkenyl halides was then examined. 
However, applying strictly the above optimized protocol, the 
direct alkenylation of 1a with the 2-bromostyrene failed. 
Meanwhile, in accordance with our previous observations in C-H 
alkenylation of 4,4’-dialkylimidazolone series,27 the direct CH 
alkenylation reaction of 1a with the 2-bromostyrene was found 
immediately conclusive when replacing only the PPh3 by P(o-
tolyl)3 as ligand.  In this case, the expected alkenylated imidazoles 
3o-p were produced in 67% and 81% yields respectively from 
corresponding bromo-alkenes coupling partners (Scheme 1). 

In continuation of this successful work on intermolecular 
selective C2-H (hetero)arylation of compound 1a, we then turned 
our attention to the development of an intramolecular CH 
arylation protocol starting from methyl 1-(2-bromobenzyl)-1H-
imidazole-4-carboxylate 4a. First, the optimized protocol used for 
intermolecular C2-H arylation of 1a revealed surprisingly 
ineffective. Other investigations under the same bis-catalytic 
mode but using carbonate bases were found also ineffective.21 
However, on the basis of our previous investigations in 
regioselective copper-free Pd(0)-catalyzed and carbonate-
assisted arylation of oxa(thia)zole-4-carboxylates,15f-g 
intramolecular CH arylation of 4a was achieved under standard 
catalysis based on the use of Pd(OAc)2, carbonate bases and 
various phosphines in 1,4-dioxane. The results are summarized in 
table 2, and shows clearly that, under these conditions, a mixture 
of 4-carboxyimidazole-based tricyclic heterocycles possessing 
both imidazol-2-yl-aryl (5A-C2) and imidazole-5-yl-aryl (5A-C5) 
systems was identified with the isolated isomer 5A-C5 as the 
major one. Good performances of the direct C5-H arylation were 
observed using K2CO3 as a base and PPh3 as well as electron-rich 
PCy3.HBF4 and electron-poor P(4-FC6H4)3 as ligand providing the 
4-carboxyimidazole-based tricyclic heterocycles 5A-C5 in a range 
of 70 to 81% isolated yields (Table 2, entries 1-3). Only the 

bidendate ligand dppb proved to be less effective (Table 2, entry 
4). The observed C5-H selectivity using K2CO3 and electron-rich or 
electron-poor phosphines as optimal reagents are in favour a 
carbonate-assisted CMD-based process which, probably due to 
steric hindrance, was not effective for the intramolecular 
arylation of imidazole 1a reported above. In accordance to our 
observations in (oxa)thiazole-4-carboxylate series, the acetate-
assisted metalation-deprotonation process was found to be also 
ineffective with compound 4a (Table 2, entry 5). In addition, with 
stronger bases such as Cs2CO3, the intramolecular C-H arylation of 
4a proceeded less efficiently as the 4-carboxyimidazole-based 
tricyclic heterocycle 5A-C5 was still isolated, as the main product 
but, in a poor 35% yield (Table 2, entry 6).

Table 2 Optimization of the reaction conditions of palladium-catalyzed 
intramolecular C-H arylation of 4a

N

NMeO2C

4a

Pd(OAc)2 (5 mol%)
ligand (10 mol%),
Base (2 equiv),

1,4-dioxane, 140 °C, 18 h

N

NMeO2C

5A-C5

Br

N

NMeO2C

5A-C2

H

H

Entry Ligand Base
Yield 
(%)a,b 

5A-C5 

Yield 
(%)a,b 5A-

C2

1 PPh3 K2CO3 70 3

2 PCy3•HBF4 K2CO3 81 9

3 P(4-FC6H4)3 K2CO3 81 17

4 dppb K2CO3 42 nd

5 PCy3•HBF4 KOAc nd nd

6 PCy3•HBF4 Cs2CO3 35 3

7 PtBu2Me•HBF4 K2CO3 79 7

8 PtBu3•HBF4 K2CO3 23 27

aConditions: 4a (1 eq.), Pd(OAc)2 (5 mol%), ligand (10 mol%), base (2 eq.), 
1,4-dioxane (0.16 M), 140 °C, 18h. b Yield of isolated product.

Having previously highlighting the shift of selectivity from the 
most steric hindered C5 site to lower steric hindered C2 site 
through K2CO3-assited CMD-proceeding in oxazole and thiazole-
4-carboxylates series by using bulky ligands,15f-g the behavior of 
the intramolecular C-H arylation of 4a regarding the 
regioselectivity was examined when increasing phosphine 
bulkiness. First, PtBu2Me gave predominantly the same 5A-C5 
isomer in a good 79% yield (Table 2, entry 7). However, when 
further increasing the bulkiness of the phosphine and  using the 
most steric hindered PtBu3•HBF4, the imidazole-based tricyclic 
heterocycle 5A-C2 was formed only in a slight excess compared 
to its regioisomer 5A-C5 (Table 2, entry 8).Therfore, full 
inversion of the regioselectivity was not observed as anticipated. 
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N

NMeO2C

Y
n

Pd(OAc)2 (5 mol%)
PCy3HBF4 (10 mol%)

K2CO3 (2 eq)
1,4-dioxane, 140 °C, 18 h

N

NMeO2C

Y
n

Br

n

N

NMeO2C

Y

5-8-C5

5-8-C2

4b-g

R

R = H or F
Y = CH2 or O
n = 0, 1 or 2

H

H

R

R

N

NMeO2C

F
N

NMeO2C
F

5B-C5, 90% 5B-C2, 8%

N

NMeO2C

N

NMeO2C

6-C5, 81% 6-C2, 9%

N

NMeO2C

N

NMeO2C

7-C5, 61% 7-C2, 39%

N

NMeO2C

N

NMeO2C

8-C5, 62% 8-C2, 37%O O

Scheme 2 Synthesis of 4-carboxyimidazole-based tricyclic heterocycles

The production of 4-carboxyimidazole-based tricyclic 
heterocycles 5-8 embedding with an 5- and up to 7-membered 
central ring was finally investigated starting from various methyl 
N-alkylated imidazole-4-carboxylates 4b-g and by selecting the 
optimized PCy3•HBF4 ligand. Results are depicted in Scheme 2. 
The para-fluorinated imidazole-based tricyclic heterocycles 5B-
C5 was produced in excellent 90% yield, the 5B-C2 isomer being 
isolated in very few amounts (8%). Similarly, to the preparation 
of 5-membered medium ring models, the imidazole-based 6-
membered tricyclic heterocyclic 6-C5 was also successfully 
obtained as the major product in excellent 81% yield. Again, the 
other isomer 6-C2 was produced as the only side product in 9% 
yield. Formation of compounds 6-C5 and 6-C2 has already been 
reported via a radical cyclisation although with lower yield and 
selectivity.18a With these promising results in hands, the 
preparation of imidazole-based 7-membered tricyclic 
heterocycles 7 and 8 were next investigated. However, in this 
case, we found that even the ring-closing reaction occurred 
mainly at the C5 site of the imidazole ring leading to the 7-C5 and 
8-C5 isomer in moderate 61 and 62% yields, a significant 
reduction of selectivity in favour of the less steric hindered C2-H 
site was observed and the 7-C2 and 8-C2 isomers were isolated 
in much more significant yields (39 and 37% respectively). 

Unfortunately, this methodology failed to prepare the imidazole-
based 8-membered tricyclic heterocycles. 

N

N

Ph

MeO

O

H O

OPd
O

Ar

Mode A: Inactive

(i) Palladium-catalyzed CMD-type process:

(ii) CuI-assisted Pd(0)-catalyzed and Pd(0)/Cu(I) cooperative process:

N
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OMe
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H

PdAr
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O

O
O

N
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O

Pd O

OH
O
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N

N
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O
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O

Pd O
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X
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N
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O

Pd O

OH
O
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Cu
X

N

N
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MeO

O Cu
X

Cu
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Figure 1 Plausible intermediates in catalytic C-H arylation

Finally, regarding the reactivity and the regioselectivity 
observed within this direct C-H arylation study in imidazole-4-
carboxylate series through both intramolecular and 
intermolecular and using both Pd(0)- or Pd(0) / CuI cooperative 
catalysis, assumptions of the modes of carbonate-assisted 
metalation-deprotonation might be done (Scheme 3). First, we 
assumed that the standard K2CO3-assisted CMD-based reactivity 
could not proceed at both highly sterically hindered C2-H and C5-
H sites of 1a (model A and B) whilst, for the intramolecular 
pathway from compound 4a, the reactivity could be recovered 
due to a decrease of the steric constraint. In that case, the C5-H vs 
C2-H competition was observed showing that the energetic 
barriers might be very closed (mode C and D). Naturally, the 
intramolecular direct C2-H arylation under Pd(0) / CuI 
cooperative catalysis pathway is penalized with the difficulty to 
achieve within the same molecule the consecutive generation of 
imidazole-2-yl copper as well as the oxidative addition of Pd(0) to 
the aryl halide moiety prefiguring the intramolecular 
transmetalation key step. On the other hands, the CuI co-catalyst 
being only efficient for intermolecular C2-H arylation of 1a, the 
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CMD mode from the N-(CuI)-chelated imidazole-4-carboxylate 
complex, reported by Gorelsky group (model E and G),28 might be 
here discarded in favour of the generation of imidazole-2-yl 
copper intermediate (model F), in accordance to the Bellina/Rossi 
suggestion.11f

As summarized, this work reports the first full investigations 
of palladium-catalyzed direct C-H functionalization with halides in 
N-substituted imidazole-4-carboxyxlate series.  In particular, the 
first selective direct C2-H (het)arylation and alkenylation of N-
benzyl imidazole-4-carboxylate with bromo- and iodo(het)arenes 
and bromoalkenes under Pd(0)/Cu(I) cooperative catalysis was 
described giving a neat access to a broad library of C2-
functionalized methyl imidazole-4-carboxylate compounds. By 
contrast to previous observations in 4-nitro N-substituted 
imidazole-4-carboxylate series,29 in our case, the intermolecular 
CMD-based reactivity does not operate at C5 site when C4 site and 
nitrogen imidazole are both substituted. On almost the opposite, 
using N-(ortho-halogeno benzyl) imidazole-4-carboxylates as 
starting materials, the arylation took place successfully under 
K2CO3-assisted CMD-based conditions to produce new C5-
arylated fused imidazoles with a 5- to 7 membered central rings 
as major products. As major mechanistic highlighting in direct C-
H functionalization of heterocycle, the standard cooperative 
Pd(0)/Cu(I) catalysis revealed inoperative when driving through 
intramolecular pathway due to probably the difficulty of getting 
in the same first the formation of the imidazole-2-yl copper 
intermediate followed by the oxidative addition of Pd(0) to the 
aryl halide moiety. Moreover, a loss of C5-H vs C2-H selectivity 
was clearly observed during the preparation of 7-membered 
tricyclic imidazole-based heterocycles probably due to the more 
important size of the linker. Additional studies are currently 
ongoing to further functionalize these tricyclic scaffolds in order 
to generate chemical diversity.
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General information  
All reagents were purchased from commercial suppliers and were used without further 

purification. Extra dry 1,4-Dioxane and DMF were purchased from Sigma-Aldrich® in sealed 

bottles over 3Å or 4Å molecular sieves and stored under N2.  

The reactions were performed without any protection from the light and monitored by thin-

layer chromatography (TLC) analysis using silica gel (60 F254) plates. Compounds were 

visualized by UV irradiation (λ = 254 nm) and/or spraying TLC stain such as a KMnO4 solution 

followed by heating at 200 °C. Flash chromatography columns were performed on silica gel 60 

(230-400 mesh, 0.040-0.063 mm).  

1H and 13C NMR spectra were recorded at room temperature on a Brucker Advance 

spectrometer operating at 300 or 500 MHz, and 75 or -125 MHz respectively. Chemical shifts 

are given in parts per million and 1H and 13C NMR spectra were referenced using the solvent 

signal as an internal standard. The following abbreviations are used for the proton spectra 

multiplicities: s: singulet, d: doublet, t: triplet, q: quartet, qt: quintuplet, m: multiplet, br: broad. 
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Coupling constants (J) are reported in Hertz (Hz). Signals were assigned as far as possible by 

means of two-dimensional NMR spectroscopy: 1H-13C-COSY (HSQC: Heteronuclear Single 

Quantum Coherence) and HMBC (Heteronuclear Multiple Bond Correlation).  

HRMS were recorder on a LC Waters Acquity coupled to a Waters LCT Premier XE instrument  

The infrared spectra of compounds were recorded on a Perkin Elmer Spectrum 100 FT IR 

spectrometers.  

Melting points (mp [°C]) were taken on open capillary tubes and are uncorrected, performed 

on a Stuart SMP3. 

Experimental section 

1. General procedure for alkylation 
To a solution of methyl 4-imidazolecarboxylate (4 mmol, 1.0 eq) in anhydrous DMF (25 mL), 

sodium hydride (95% dry, 6 mmol, 1.5 eq) was introduced in small portions under argon 

atmosphere. The mixture was stirred at 80°C for 1 h. A solution of the alkylating agent (6 mmol, 

1.5 eq) in 5 mL of DMF was introduced dropwise to the reaction mixture which was heated at 

80°C for 12 h. The solution was cooled to room temperature and the salts were removed by 

filtration on a Celite® pad. The solution was evaporated under reduced pressure to afford two 

regioisomers which were separated by column chromatography using petroleum ether/ethyl 

acetate (1/4) as eluent.  

All regioisomers methyl 1[(2-bromophenyl)alkyl)-1H-imidazole-5-carboxylate were 

previously prepared in our laboratory and reported.1 In this paper, we do not used these 

regioisomers, also we have not reported the analysis of these compounds. 

methyl 1-benzyl-1H-imidazole-4-carboxylate 1a:  

 

Compound 1a was prepared according to the general procedure for alkylation. The crude 

product was purified by flash chromatography to afford 1a in 74% (2.96mmol) as a pale-yellow 

oil. 1H NMR (300 MHz, CDCl3) δ 7.58 (s, 1Him, H5), 7.54 (s, 1Him, H2), 7.37-7.33 (m, 3Hbenzyl), 

7.17-7.15 (m, 2Hbenzyl), 5.12 (s, 2H), 3.86 (s, 3H, OMe). 13C NMR (75 MHz, CDCl3) δ 163.2 

                                                           
1 Thireau, J.; Schneider, C.; Baudequin, C.; Gaurrand, S.; Angibaud, P.; Meerpoel, L.; Levacher, V.; Querolle, O.; 

Hoarau, C. Eur. J. Org. Chem., 2017, 2491. 
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(C=O), 138.1 (C2, CHim), 134.9 (C4im, Cq) 134.1 (C1’, Cqbenzyl), 129.2 (C3’, CHbenzyl), 128.7 

(C4’, CHbenzyl), 127.6 (C2’, CHbenzyl), 125.4 (C5, CHim), 51.7 (OCH3), 51.4 (N-CH2). IR (ATR 

,cm-1): 3417, 3112, 2950, 1715, 1546, 1378, 1223, 1178, 994, 767, 710 cm-1. HRMS: Anal. 

Calcd for C12H12N2O2: [M+H]+ 217.0977, found 217.0974. 

2. Optimization of the Pd-catalyzed intermolecular direct C2-H arylation of the 

methyl 1-benzyl-1H-imidazole-4-carboxylate 1a under thermic conditions: 
 

 

Entry 
Ligand 

 

Base 

(2eq.) 
Additive 

(2eq.) 
Solvent Yieldb 

1 PPh3 K2CO3 - DMF lca 

2 PPh3 Cs2CO3 - DMF lca 

3 PPh3 K2CO3 CuI DMF lca 

4 PPh3 CsF CuI DMF 15 

5 PPh3 DBU CuI DMF 40 

6 PPh3 K2CO3 CuI Dioxane 34 

7 PCy3•HBF4 K2CO3 CuI Dioxane 25 

8 PPh3 Cs2CO3 CuI Dioxane 4 

9 PPh3 CsF CuI Dioxane 51 

10 PPh3 DBU CuI Dioxane 76 

11 PPh3 DBU CuI (1eq) Dioxane 65 

12 PPh3 DBU CuI Dioxane 95c 
a lc: low conversion (determined by 1H NMR). b Yield of isolated compound. c Using 4-iodotoluene as electrophilic 

reagent instead of 4-bromotoluene. 
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3. Optimization of the Pd-catalyzed intermolecular direct C2-H arylation of the 

methyl 1-benzyl-1H-imidazole-4-carboxylate 1a under microwave irradiation 

conditions: 
 

 

Entry Ligand X Temperature 

(°C) 

Time 

(mn) 

Formation 

of 3a (%)a 

Yield 3a (%) 

1 PPh3 I 150 40 64b Not isolated 

2 PPh3 I 210 20 68b Not isolated 

3 PCy3 I 210 20 72 60 

4 PCy3•HBF4 I 210 20 82 66 

5 PCy3•HBF4 Br 210 20 90 45 

a: % of formation of compound 3a was evaluated by Liquid Chromatography coupled to Mass Spectroscopy 

b: mixture of compounds 3a and 3.  

Entry 1: 3a/3: 75/25 

Entry 2: 3a/3: 70/30 

 

4. Pd-catalyzed intermolecular direct C-H arylation of methyl N-benzyl-1H-

imidazole 4-carboxylate under thermic conditions or microwave irradiation 

conditions. 

Method A. General procedure for Pd-catalyzed intermolecular direct C2-H arylation of 

methyl N-benzyl-1H-imidazole 4-carboxylate under thermic conditions: Methyl 1-benzyl-

1H-imidazole-4-carboxylate 1a (80 mg, 0.37 mmol, 1 eq), the appropriate halide 2 (1.2 eq), 

Pd(OAc)2 (18 µmol, 5 mol%), PPh3 (37 µmol, 10 mol%), CuI (0.74 mmol, 2 eq) and anhydrous 

DBU (0.74 mmol 2 eq) were placed in a dry sealed tube containing a magnetic stir bar. The 

tube was evacuated and filled back with N2 three rime before adding anhydrous 1,4-dioxane 

(2.5 mL). The tube was sealed and heated to 140 °C for 18 hours. The reaction was filtered over 

a Celite ® pad (washed with DCM and EtOAc). The solvents were removed under reduced 

pressure and the crude product was then purified by column chromatography (DCM to 

DCM/EtOAc 9-1).  
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Method B. General procedure for Pd-catalyzed intermolecular direct C2-H arylation of 

methyl N-benzyl-1H-imidazole 4-carboxylate under microwave irradiation conditions: To 

a solution of compound 1a in dioxane, in a septum sealed tube, were successfully added the 

appropriate halide (1.0 eq), ligand (10 mol%), CuI (2 eq) and DBU (2eq). Between each 

addition, the mixture was degassed and refilled with nitrogen. Then, Pd(OAc)2 (5 mol%) in 

solution in 1,4-dioxane (final concentration of compound 1a in 1,4-dioxane was 0.16M). Then, 

the tube was sealed and heated at 210°C using a single mode microwave (Biotage Initiator 

EXP60) with a power output ranging from 0 to 400W for 20mn. Then, the reaction mixture was 

diluted into dichloromethane and concentrated. The mixture was purified by reverse phase 

preparative chromatography (solid deposit with SiO2 63-200 µm) using a gradient of NH4CO3 

2g/L and acetonitrile. 

 

methyl 1-benzyl-2-(p-tolyl)-1H-imidazole-4-carboxylate 3a: 

 

Compound 3a was prepared according to the method A. The crude product was purified by flash 

chromatography to afford 3a in 76% yield with aryl-bromide and 95% yield with aryl-iodide as 

a pale yellow solid. mp : 89-90 °C. 1H NMR (300 MHz, CDCl3) δ 7.64 (s, 1Him, H5), 7.46 (d, 

J = 8.0 Hz, 2Harom), 7.35-7.33 (m, 3Hbenzyl), 7.22 (d, J = 8.0 Hz, 2Harom), 7.09-7.07 (m, 2Hbenzyl), 

5.19 (s, 2H), 3.89 (s, 3H, OMe), 2.38 (s, 3H, CH3). 
13C NMR (75 MHz, CDCl3) δ 163.5 (C=O), 

149.5 (C2, Cqim), 139.7 (C4’, Cqarom), 135.9 (C1’, Cqbenzyl), 132.9 (C4im, Cq), 129.3 (2CH), 
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129.2 (2CH), 129.1 (2CH), 128.4 (CHbenzyl), 127.1 (C5, CHim), 126.9 (2CHbenzyl), 126.5 

(Cq), 51.8 (OCH3), 51.0 (N-CH2), 21.4 (CH3). IR (ATR ,cm-1): 3125, 3079, 2920, 2850, 1689, 

1549, 1330, 1227, 1004, 725 cm-1. HRMS : Anal. Calcd for C19H19N2O2: [M+H]+ 307.1447, found 

307.1455. 

methyl 1-benzyl-2-(4-methoxyphenyl)-1H-imidazole-4-carboxylate 3b: 

 

Compound 3b was prepared according to the method A. The crude product was purified by flash 

chromatography to afford 3b in 57% as a pale yellow solid. mp : 70-71 °C (Et2O). 1H NMR 

(300 MHz, CDCl3) δ 7.63 (s, 1Him, H5), 7.49 (d, J = 8.6 Hz, 2 Harom), 7.35-7.33 (m, 3Hbenzyl), 

7.09-7.06 (m, 2Hbenzyl), 6.92 (d, J = 8.6 Hz, 2Harom), 5.18 (s, 2H), 3.89 (s, 3H, OMe), 3.82 (s, 

3H, OMe). 13C NMR (75 MHz, CDCl3) δ 163.5 (C=O), 160.6 (Cqarom, C4’), 149.4 (C2, Cqim), 

135.8 (C1’, Cqbenzyl), 132.8 (C4im, Cq), 130.7 (2CHarom, C2’), 129.2 (2CHbenzyl), 128.4 

(CHbenzyl), 127.0 (C5, CHim), 126.9 (2CHbenzyl), 121.7 (Cq), 114.1 (2CHarom, C3’), 55.4 

(OCH3), 51.8 (OCH3), 51.0 (N-CH2). IR (ATR ,cm-1): 2948, 2838, 1713, 1611, 1538, 1481, 

1347, 1328, 1251, 1175, 1004, 837 cm-1. HRMS : Anal. Calcd for C19H18N2O3: [M+H]+ 323.1396, 

found 323.1404. 

methyl 1-benzyl-2-(4-cyanophenyl)-1H-imidazole-4-carboxylate 3c: 

 

Compound 3c was prepared according to the method A. The crude product was purified by flash 

chromatography to afford 3c in 86% as a white solid. mp : 160-161 °C (DCM/Pentane). 1H 

NMR (300 MHz, CDCl3) δ 7.71-7.69 (m, 5H, 4Harom and 1Him, H5), 7.37-7.35 (m, 3Hbenzyl), 
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7.07-7.04 (m, 2Hbenzyl), 5.24 (s, 2H), 3.90 (s, 3H, OMe). 13C NMR (75 MHz, CDCl3) δ 163.1 

(C=O), 147.1 (C2, Cqim), 135.1 (C1’, Cqbenzyl), 133.7 (Cq), 133.7 (Cq), 132.4 (2CHarom), 129.7 

(2CH), 129.5 (2CH), 128.8 (CHbenzyl), 128.3 (C5, CHim), 126.7 (2CHbenzyl), 118.3 (Cq), 

113.3 (Cq), 52.0 (OCH3), 51.3 (N-CH2). IR : 3120, 3077, 2945, 2226, 1695, 1611, 1548, 1454, 

1330, 1225, 1006, 723 cm-1. HRMS : Anal. Calcd for C19H15N3O2: [M+H]+ 318.1243, found 

318.1249. 

methyl 1-benzyl-2-(2-cyanophenyl)-1H-imidazole-4-carboxylate 3d: 

 

Compound 3d was prepared according to the method A. The crude product was purified by flash 

chromatography to afford 3d in 69% as a pale yellow gum. 1H NMR (300 MHz, CDCl3) δ 7.76 

(d, J = 7.2 Hz, 1Harom), 7.68 (s, 1Him, H5), 7.63 (d, J = 7.7 Hz, 1Harom), 7.56 (t, J = 8.1 Hz, 

2Harom), 7.29-7.27 (m, 3Hbenzyl), 7.09-7.06 (m, 2Hbenzyl), 6.92 (d, J = 8.6 Hz, 2Harom),7.01-6.99 

(m, 2H), 5.10 (s, 2H), 3.87 (s, 3H, OMe). 13C NMR (75 MHz, CDCl3) δ 163.0 (C=O), 145.1 

(C2, Cqim), 134.8 (C1’, Cqbenzyl), 133.5 (Cq), 133.3 (Cq), 133.2 (CHarom), 132.9 (CHarom), 131.8 

(CHarom), 130.3 (CHarom), 129.2 (2CHbenzyl), 128.7 (CHbenzyl), 127.4 (2CHbenzyl), 127.2 (C5, 

CHim), 117.2 (Cq), 113.6 (Cq), 51.9 (OCH3), 51.4 (N-CH2). IR : 3137, 2947, 2226, 1717, 1545, 

1437, 1345, 1324, 1006, 814, 767, 713 cm-1. HRMS : Anal. Calcd for C19H15N3O2: [M+H]+ 

318.1243, found 318.1244. 

methyl 1-benzyl-2-(3-cyanophenyl)-1H-imidazole-4-carboxylate 3e: 

 

Compound 3e was prepared according to the method A. The crude product was purified by flash 

chromatography to afford 3e in 86% as a pale yellow solid. mp : 160.1 -162.2 °C 

(DCM/Pentane). 1H NMR (300 MHz, CDCl3) δ 7.87 (s, 1Harom, H2’), 7.79 (d, J = 7.9 Hz, 
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1Harom, H6’), 7.70-7.68 (m, 2H, Harom 4’and H5), 7.52 (t, J = 7.8 Hz, 1Harom, H5’), 7.36-7.34 

(m, 3Hbenzyl), 7.06-7.04 (m, 2Hbenzyl), 5.21 (s, 2H), 3.89 (s, 3H, OMe). 13C NMR (75 MHz, 

CDCl3) δ 163.0 (C=O), 146.7 (Cq), 135.0 (C1’, Cqbenzyl), 133.4 (Cq), 133.2 (CHarom, C6’), 132.9 

(CHarom, C4’), 132.7 (CHarom, C2’), 130.8 (Cq), 129.6 (Cq), 129.5 (CHarom, C5’), 129.4 

(2CHbenzyl), 128.8 (CHbenzyl), 128.0 (C5, CHim), 126.8 (2CHbenzyl), 117.9 (Cq), 113.1 (Cq), 

52.0 (OCH3), 51.3 (N-CH2). IR : 3066, 2947, 2229, 1731, 1460, 1436, 1347, 1179, 1010, 898, 

720 cm-1. HRMS : Anal. Calcd for C19H15N3O2: [M+H]+ 318.1243, found 318.1244. 

methyl 1-benzyl-2-(4-fluorophenyl)-1H-imidazole-4-carboxylate 3f: 

 

Compound 3f was prepared according to the method A. The crude product was purified by flash 

chromatography to afford 3f in 86% as a yellow solid. mp : 116.3-118.1 °C (DCM/Pentane). 

1H NMR (300 MHz, CDCl3) δ 7.64 (s, 1Him, H5), 7.53 (dd, J = 8.6, 5.4 Hz, 1H), 7.34-7.31 (m, 

3Hbenzyl), 7.10-7.02 (m, 4H), 5.16 (s, 2H), 3.87 (s, 3H, OMe). 13C NMR (75 MHz, CDCl3) δ 

163.3 (C=O), 163.5 (d, J = 248.6 Hz, Cq, C-F), 148.3 (Cq, C2im), 135.5 (C1’, Cqbenzyl), 133.0 

(Cq, C4im), 131.3 (d, J = 8.5 Hz, 2CHarom), 129.3 (2CHbenzyl), 128.5 (CHbenzyl), 127.3 (C5, 

CHim), 126.8 (2CHbenzyl), 125.6 (d, J = 3.3 Hz, Cqarom), 115.8 (d, J = 21.9 Hz, 2CHarom) 51.9 

(OCH3), 51.0 (N-CH2). IR : 3129, 3079, 1694, 1551, 1454, 1332, 1223, 1006, 840, 731 cm-1. 

HRMS : Anal. Calcd for C18H15F1N2O2: [M+H]+ 311.1196, found 311.1204. 

methyl 1-benzyl-2-(4-(trifluoromethyl)phenyl)-1H-imidazole-4-carboxylate 3g: 
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Compound 3g was prepared according to the method A. The crude product was purified by flash 

chromatography to afford 3g in 88% as a white solid. mp : 123.1-123.8 °C (DCM/Pentane). 1H 

NMR (300 MHz, CDCl3) δ 7.71-7.64 (m, 4Harom), 7.69 (s, 1Him, H5), 7.36-7.34 (m, 3Hbenzyl), 

7.08-7.05 (m, 2Hbenzyl), 5.22 (s, 2H), 3.89 (s, 3H, OMe). 13C NMR (75 MHz, CDCl3) δ 163.2 

(C=O), 147.7 (Cq, C2im), 135.3 (C1’, Cqbenzyl), 135.5 (Cq), 132.9 (d, J = 1.2 Hz, Cq), 131.5 (q, 

J = 32.8 Hz), 129.5 (2 CH), 129.4 (2CH), 128.7 (CH), 127.9 (CH), 126.8 (2CHbenzyl), 125.68 

(q, J = 3.7 Hz, CH), 123.8 (q, J = 270.8 Hz, CF3), 51.9 (OCH3), 51.2 (N-CH2). IR : 3126, 3079, 

1695, 1547, 1456, 1325, 1230, 1166, 1109, 1071, 1007, 843, 730 cm-1. HRMS : Anal. Calcd for 

C19H15F3N2O2: [M+H]+ 361.1164, found 361.1176. 

methyl 1-benzyl-2-(4-nitrophenyl)-1H-imidazole-4-carboxylate 3h: 

 

Compound 3h was prepared according to the method A. The crude product was purified by flash 

chromatography to afford 3h in 77% as a pale yellow solid. mp :139.8-140.2 °C 

(DCM/Pentane). 1H NMR (300 MHz, CDCl3) δ 8.24 (d, J = 8.8 Hz, 2Harom), 7.77 (d, J = 8.8 

Hz, 2Harom), 7.72 (s, 1Him, H5), 7.37-7.34 (m, 3Hbenzyl), 7.07-7.05 (m, 2Hbenzyl), 5.26 (s, 2H), 

3.90 (s, 3H, OMe). 13C NMR (75 MHz, CDCl3) δ 163.0 (C=O), 148.2 (Cq), 146.7 (Cq), 135.5 

(Cq), 135.0 (Cq), 133.7 (Cq), 129.9 (2 CHarom), 129.4 (2CHbenzyl), 128.8 (CH), 128.4 (CH), 

126.9 (2CHbenzyl), 123.8 (2 CHarom), 52.0 (OCH3), 51.4 (N-CH2). IR : 3128, 2999, 1719, 

1602, 1522, 1339, 1206, 1005, 852, 728 cm-1. HRMS : Anal. Calcd for C18H15N4O4: [M+H]+ 

338.1141, found 338.1140. 
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methyl 2-(4-acetylphenyl)-1-benzyl-1H-imidazole-4-carboxylate 3i: 

 

Compound 3i was prepared according to the method A. The crude product was purified by flash 

chromatography to afford 3i in 46% as a pale brown solid. mp : 80.1-80.5 (Pentane). 1H NMR 

(300 MHz, CDCl3) δ 7.97 (d, J = 8.4 Hz, 2Harom), 7.68 (d, J = 8.3 Hz, 2Harom), 7.68 (s, 1Him, 

H5), 7.34-7.32 (m, 3Hbenzyl), 7.07-7.04 (m, 2Hbenzyl), 5.23 (s, 2H), 3.88 (s, 3H, OMe), 2.60 (s, 

3H, COMe). 13C NMR (75 MHz, CDCl3) δ 197.5 (C=OMe), 163.2 (C=O), 148.0 (Cq), 137.5 

(Cq), 135.3 (Cq), 133.7 (Cq), 133.4 (Cq), 129.3 (CH), 128.6 (CH), 128.5 (CH), 127.9 (CH), 

126.8 (2CHbenzyl), 51.9 (OCH3), 51.2 (N-CH2), 26.8 (COCH3). IR : 3137, 2947, 1716, 1680, 

1608, 1349, 1260, 1181, 1007, 844, 727 cm-1. HRMS : Anal. Calcd for C20H18N2O3: [M+H]+ 

335.1396, found 335.1392. 

methyl 1-benzyl-2-(4-(methoxycarbonyl)phenyl)-1H-imidazole-4-carboxylate 3j: 

 

Compound 3j was prepared according to the method A. The crude product was purified by flash 

chromatography to afford 3j in 80% as a pale brown solid. mp : 128.1-129-8 °C 

(DCM/Pentane). 1H NMR (300 MHz, CDCl3) δ 8.07 (d, J = 8.2 Hz, 2Harom), 7.69 (s, 1Him, H5), 

7.66 (d, J = 8.3 Hz, 2Harom), 7.35-7.33 (m, 3Hbenzyl), 7.07-7.05 (m, 2Hbenzyl), 5.22 (s, 2H), 3.92 

(s, 3H, OMe), 3.90 (s, 3H, OMe). 13C NMR (75 MHz, CDCl3) δ 166.5 (C=O), 163.3 (C=O), 

148.1 (Cq), 135.4 (Cq), 133.7 (Cq), 133.4 (Cq), 131.0 (Cq), 129.9 (2 CHarom), 129.3 

(2CHbenzyl), 129.2 (CH), 128.6 (CH), 127.9 (CH), 126.9 (2CHbenzyl), 52.4 (OCH3), 51.9 
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(OCH3), 51.2 (N-CH2). IR : 3130, 2949, 1715, 1612, 1437, 1350, 1278, 1202, 1103, 1007, 863, 

702 cm-1. HRMS : Anal. Calcd for C20H18N2O4: [M+H]+ 350.1345, found 335.1354. 

methyl 1-benzyl-2-(pyridin-2-yl)-1H-imidazole-4-carboxylate 3k:     

 

Compound 3k was prepared according to the method A. The crude product was purified by flash 

chromatography to afford 3k in 90% as a brown solid. mp : 128.2 -129.5 °C (DCM/Pentane). 

1H NMR (500 MHz, CDCl3) δ 8.56 (br d, J=4.73 Hz, 1Hpy,H15), 8.30 (d, J=8.20 Hz, 1 Hpy, H18), 

7.73-7.79 (m, 1 Hpy, H17), 7.65 (s, 1Him, H5), 7.23-7.33 (m, 3Hbenzyl and 1Hpy), 7.20 (br d, J=7.57 

Hz, 2Hbenzyl, H8 and H12), 5.93 (s, 2H, N-CH2), 3.90 (d, J=1.58 Hz, 3H, O-Me). 

13C NMR (126 MHz, CDCl3) δ ppm 163.31 (C=O), 149.89 (CHpy, C15), 148.24 (s, 1 Cqpy, C13), 

145.71 (Cqim, C2), 136.7 (CHpy, C17), 136.7 (Cqbenzyl, C7), 132.62 (Cqim, C4), 129.07 (CHim, C5), 

128.86 (2CHbenzyl), 128.05 (CHbenzyl), 127.74 (2CHbenzyl), 123.79 (CHpy, C18), 123.37 (CHpy, 

C16), 52.34 (N-CH2), 51.74 (O-Me). 

IR : 3126, 2925, 1697, 1587, 1545, 1275, 1221, 1090, 1011, 777, 729, 706 cm-1. HRMS : Anal. 

Calcd for C17H15N3O2: [M+H]+ 294.1243, found 294.1246. 

methyl 1-benzyl-2-(pyrimidin-5-yl)-1H-imidazole-4-carboxylate 3l:     

 

Compound 3l was prepared according to the method A. The crude product was purified by flash 

chromatography to afford 3l in 86% as a yellow solid. mp : 166.9-167.8 °C (DCM/Pentane). 1H 

NMR (300 MHz, CDCl3) δ 9.21 (s, 1Hpy), 8.91 (s, 2Hpy), 7.75 (s, 1Him, H5), 7.35-7.32 (m, 

3Hbenzyl), 7.05-7.02 (m, 2Hbenzyl), 5.24 (s, 2H), 3.89 (s, 3H, OMe). 13C NMR (75 MHz, CDCl3) 

δ 162.9 (C=O), 158.9 (CHpy), 156.4 (2CHpy), 143.0 C2, Cqim), 134.6 (C1’, Cqbenzyl), 134.1 

(C4im, Cq), 129.5 (2CHbenzyl), 128.9 (CH), 128.5 (C5, CHim), 126.6 (2CHbenzyl), 124.3 (Cqpy), 

Page 19 of 105

Georg Thieme Publishers KG, Rüdigerstraße 14, 70469 Stuttgart, Germany

Manuscript Submitted to Synlett



For Peer Review

S13 
 

52.0 (OCH3), 51.4 (N-CH2). IR : 3140, 2945, 1724, 1553, 1437, 1345, 1209, 1126, 1007, 728, 

715 cm-1. HRMS : Anal. Calcd for C16H14N4O2: [M+H]+ 295.1195, found 295.1188. 

methyl 1-benzyl-2-(furan-2-yl)-1H-imidazole-4-carboxylate 3m: 

 

Compound 3m was prepared according to the method A. The crude product was purified by 

flash chromatography to afford 3m in 72% as a brown solid. mp : 121.6-123.4 °C 

(DCM/Pentane). 1H NMR (300 MHz, CDCl3) δ 7.54 (s, 1Him, H5), 7.47 (d, J = 8.8 Hz, 1H), 

7.32-7.28 (m, 3Hbenzyl), 7.15-7.12 (m, 2Hbenzyl), 6.98 (d, J = 3.4 Hz, 1H), 6.47 (dd, J = 3.3, 1.8 

Hz, 1H), 5.41 (s, 2H), 3.86 (s, 3H, OMe). 13C NMR (75 MHz, CDCl3) δ 163.1 (C=O), 144.5 

(Cqfur), 143.2 (CHfur), 140.2 (C2, Cqim), 135.4 (C1’, Cqbenzyl), 133.0 (C4im, Cq), 129.1 

(2CHbenzyl), 128.4 (CHbenzyl), 127.3 (2CHbenzyl), 127.2 (C5, CHim), 111.7 (CHfur), 111.5 

(CHfur), 51.8 (OCH3), 51.5 (N-CH2). IR : 3126, 2945, 1719, 1602, 1521, 1344, 1178, 1008, 767, 

720 cm-1. HRMS : Anal. Calcd for C16H14N2O3: [M+H]+ 283.1083, found 283.1089. 
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methyl 1-benzyl-2-(5-methylthiophen-2-yl)-1H-imidazole-4-carboxylate 3n: 

 

Compound 3n was prepared according to the method A. The crude product was purified by flash 

chromatography to afford 3n in 47% as a yellow solid. mp : 127.1 -127.9 °C (DCM/Pentane). 

1H NMR (300 MHz, CDCl3) δ 7.58 (s, 1Him, H5), 7.36-7.34 (m, 3Hbenzyl), 7.10 (d, J = 7.6 Hz, 

2Hbenzyl), 7.05 (d, J = 3.4 Hz, 1H), 6.69 (d, J = 2.9 Hz, 1H), 5.30 (s, 2H), 3.88 (s, 3H, OMe), 

2.48 (s, 3H Me). 13C NMR (75 MHz, CDCl3) δ 163.3 (C=O), 143.8 (Cq), 142.9 (Cq), 135.3 

(C1’, Cqbenzyl), 132.9 (C4im, Cq), 129.3 (2CHbenzyl), 128.5 (CHbenzyl), 128.2 (CHthio), 127.4 (C5, 

CHim), 126.9 (2CHbenzyl), 125.9 (CHthio), 51.9 (OCH3), 51.1 (N-CH2), 15.3 (Me). IR : 3140, 

2950, 1713, 1513, 1435, 1197, 1012, 793, 776, 764, 724, 709 cm-1. HRMS : Anal. Calcd for 

C17H16N2O2S: [M+H]+ 313.1011, found 313.1013. 

5. Pd-catalyzed intermolecular direct C-H alkenylation of methyl N-benzyl-1H-

imidazole 4-carboxylate. 
 

Methyl 1-benzyl-1H-imidazole-4-carboxylate 1a (0.5 mmol, 1 eq), the appropriate 

alkenylhalide (0.6 mmol, 1.2 eq), Pd(OAc)2 (25 µmol, 5 mol%), P(o-tolyl)3•HBF4 (50 µmol, 

10 mol%), CuI (1 mmol, 2 eq) and anhydrous DBU (1 mmol, 2 eq) were placed in a dry sealed 

tube containing a magnetic stir bar. The tube was evacuated and filled back with N2 three rime 

before adding anhydrous 1,4-dioxane (3.0 mL). The tube was sealed and heated to 140 °C for 

18 hours. The reaction was filtered over a Celite® pad (washed with DCM and EtOAc). The 

solvents were removed under reduced pressure and the crude product was then purified by 

column chromatography (DCM to DCM/EtOAc 9-1).  
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methyl (E)-1-benzyl-2-styryl-1H-imidazole-4-carboxylate 3o: 

 

Compound 3o was prepared according to the general procedure for intermolecular direct C-H 

akenylation. The crude product was purified by flash chromatography to afford 3o in 67% as 

yellow solid. mp : 131.4-133.5 °C (DCM/Pentane). 1H NMR (300 MHz, CDCl3) δ 7.72 (d, J = 

15.9 Hz, 1Hvinyl), 7.51 (s, 1Him, H5), 7.37 (d, J = 6.9 Hz, 2H), 7.29-7.18 (m, 5Hbenzyl), 7.08-7.05 

(m, 2Hbenzyl), 6.75 (d, J = 15.9 Hz, 1Hvinyl), 5.14 (s, 2H), 3.82 (s, 3H, OMe). 13C NMR (75 MHz, 

CDCl3) δ 163.4 (C=O), 146.8 (C2, Cqim), 136.0 (Cq), 135.5 (CHvinyl), 135.1 (Cq), 133.0 (C4im, 

Cq), 129.3 (2CHbenzyl), 128.8 (3CHbenzyl), 128.6 (CH), 127.0 (2CHbenzyl), 127.0 (2CHbenzyl), 

126.9 (CH), 112.1 (CHvinyl), 51.9 (OCH3), 50.1 (N-CH2). IR : 3131, 2924, 1714, 1543, 1436, 

1327, 1234, 1012, 974, 754, 687 cm-1. HRMS : Anal. Calcd for C20H18N2O2: [M+H]+ 319.1447, 

found 319.1455. 

methyl 1-benzyl-2-(2-methylprop-1-en-1-yl)-1H-imidazole-4-carboxylate 3p: 

 

Compound 3p was prepared according to the general procedure for intermolecular direct C-H 

akenylation. The crude product was purified by flash chromatography to afford 3p in 81% as 

pale yellow solid. m.p. : 104.5-104.8 °C (DCM/Pentane). 1H NMR (300 MHz, CDCl3) δ 7.50 

(s, 1Him, H5), 7.34-7.30 (m, 3Hbenzyl), 7.09-7.06 (m, 2Hbenzyl), 5.91 (s, 1Hvinyl), 5.05 (s, 2H), 3.84 

(s, 3H, OMe), 2.07 (s, 3H, Mevinyl), 1.88 (s, 3H, Mevinyl). 
13C NMR (75 MHz, CDCl3) δ 163.5 

(C=O), 146.8 (C2, Cqim), 146.5(Cqvinyl), 135.4 (C1’, Cqbenzyl), 132.1 (C4im, Cq), 129.1 

(2CHbenzyl), 128.4 (CHbenzyl), 127.1 (2CHbenzyl), 125.5 (C5, CHim),  110.6 (CHvinyl), 51.7 

(OCH3), 50.2 (N-CH2), 26.7 (Mevinyl), 20.7 (Mevinyl). IR : 3134, 2947, 1716, 1548, 1453, 1436, 
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1325, 1010, 876, 765, 720, 699cm-1. HRMS : Anal. Calcd for C16H18N2O2: [M+H]+ 271.1447, found 

271.1459. 
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6. General procedure for the synthesis of 2-(2-bromophenyl)alkyl 

methanesulfonates 

2-(2-bromophenyl)alkyl mesylates were prepared form the corresponding alcohols according 

to the procedure.2 Methanesulfonyl chloride (5.6 mmol, 1.5 eq) was added dropwise to a 

solution of 2-(2-bromophenyl)alkyl alcohol (3.7 mmol) and triethylamine (11.1 mmol) in 

toluene (30 mL) at 0°C. The reaction mixture was further stirred at room temperature for 18 h 

and then poured into water and DCM. The aqueous phase was extracted with DCM (2×15 mL). 

The DCM layers were dried over anhydrous MgSO4 and concentrated in vacuo to afford the 

title product in quantitative yield. The crude sulfonates were used without purification.  

2,4-dibromobenzyl methanesulfonate 

 

White solid 

1H NMR (300 MHz, CDCl3) δ 7.79 (d, J = 1.8 Hz, 1H), 7.51 (dd, J = 8.2, 1.8 Hz, 1H), 7.37 (d, 

J = 8.3, 1H), 5.27 (s, 2H), 3.05 (s, 3H).  

2-bromo-4-fluorobenzyl methanesulfonate 

 

White solid 

1H NMR (300 MHz, CDCl3) δ 7.49 (dd, J = 8.6, 5.9 Hz, 1H), 7.36 (dd, J = 8.1, 2.5 Hz, 1H), 

7.08 (td, J = 8.3, 2.5 Hz, 1H), 5.28 (s, 2H), 3.02 (s, 3H).  

2-(2-bromophenyl)ethyl methanesulfonate.2 

 

Pale yellow oil 

1H NMR (300 MHz, CDCl3) δ 7.51 (d, J = 8.0 Hz, 1H), 7.26-7.24 (m, 2H), 7.13-7.07 (m, 1H), 

4.39 (t, J = 6.9 Hz, 2H), 3.15 (t, J = 6.9 Hz, 2H), 2.85 (s, 3H). 13C NMR (75 MHz, CDCl3) δ 

135.64 (Cq), 133.09 (CH), 131.63 (CH), 129.02 (CH), 127.79 (CH), 124.49 (Cq), 68.58 (CH2), 

37.30 (CH3, OMs), 35.96 (CH2). HRMS (TOF MS EI+): calcd. For C9H11BrO3S 277.9599; 

                                                           
2 S. M. Allin, W. R. Bowman, M. R. J. Elsegood, V. McKee, R. Karim, S. S. Rahman, Tetrahedron, 2005, 61, 

2689-2696. 
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found 277.9612. This is a known compound and the spectral data are identical to those reported 

in literature.2 

2-(2-bromophenyl)propyl methanesulfonate3 

 

Yellow oil 

1H NMR (300 MHz, CDCl3) δ 7.55 (d, J = 8.0 Hz, 1H), 7.27-7.24 (m, 2 H), 7.13-7.07 (m, 1H), 

4.27 (t, J = 6.3 Hz, 2H), 3.04 (s, 3H), 2.88 (t, J = 7.7 Hz), 2.13-2.03 (m, 2H). 13C NMR (75 

MHz, CDCl3) δ 139.65 (Cq), 132.96 (CH), 130.56 (CH), 128.13 (CH), 127.65 (CH), 124.31 

(Cq), 69.15 (CH2), 37.36 (CH3, OMs), 32.03 (CH2), 29.07 (CH2). HRMS (TOF MS EI+): calcd. 

For C10H13BrO3S 291.97602; found 291.97688. This is a known compound and the spectral 

data are identical to those reported in literature.3 

1-Bromo-2-(2-methanesulfonyloxyethyloxy)benzene 

 

Yellow oil. 

1H NMR (300 MHz, CDCl3) δ 7.54 (d, J = 8.2 Hz, 1H), 7.27 (t, J = 7.6 Hz, 1H), 6.91-6.85 (m, 

2H), 4.59 (t, J = 4.3 Hz, 2H), 4.26 (t, J = 4.3 Hz, 2H), 3.14 (s, 3H). 13C NMR (75 MHz, CDCl3) 

δ 154.3 (Cq), 133.4 (CH), 128.7 (CH), 122.8 (CH), 113.6 (CH), 111.9 (Cq), 68.3 (CH2),66.8 

(CH2), 37.7 (CH3, OMs). 

3-(2-bromophenoxy)propyl methanesulfonate 

 

Yellow oil. 

1H NMR (300 MHz, CDCl3) δ 7.54 (dd, J = 7.9 and 1.4 Hz, 1H), 7.29-7.24 (m, 1 H), 6.92-6.83 

(m, 2H), 4.53 (t, J = 6.0 Hz, 2 H), 4.16 (t, J = 5.7 Hz, 2 H), 3.00 (s, 3H), 2.28 (q, J = 5.9 Hz, 

2H). 13C NMR (75 MHz, CDCl3) δ 154.7 (Cq), 133.4 (CHarom), 128.7 (CHarom), 122.3 (CHarom), 

113.3 (CHarom), 112.1 (Cq), 66.9 (CH2), 64.2 (CH2), 37.1 (CH3, OMs), 28.9 (CH2). HRMS (TOF 

MS ESI+): calcd. For C10H17BrNO4S [M + NH4]
+ 326.0062; found 326.0067.  

                                                           
3 L. Ripa, A. Hallberg, J. Org. Chem. 1998, 63, 84-91. 
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7. General procedure for alkylation  

To a solution of sodium hydride (95% dry, 6 mmol, 1.5 eq) in anhydrous DMF (25 mL), methyl 

4-imidazolecarboxylate (4 mmol, 1eq) was introduced in small portions under argon 

atmosphere. The mixture was stirred at 80°C for 1 h. A solution of the alkylating agent (6 mmol, 

1.5 eq) in 5 mL of DMF was introduced dropwise to the reaction mixture which was heated at 

80°C for 12 h. The solution was cooled to room temperature and the salts were removed by 

filtration on a Celite® pad. The solution was evaporated under reduced pressure to afford two 

regioisomers which were separated by column chromatography using petroleum ether/ethyl 

acetate (1/4) as eluent.  

All regioisomers methyl 1[(2-bromophenyl)alkyl)-1H-imidazole-5-carboxylate were 

previously prepared in our laboratory and reported.4 In this paper, we do not used these 

regioisomers, also we have not reported the analysis of these compounds. 

methyl 1[(2-bromophenyl)methyl]-1H-imidazole-4-carboxylate 4a : 

 

Compound 4a was prepared from 1-bromo-2-(bromomethyl)benzene (commercial source) 

following the general procedure for alkylation. 

White solid (51%). mp : 121-122 °C (CH2Cl2/PE). 1H NMR (300 MHz, CDCl3) δ 7.63-7.58 (m, 

3H), 7.35-7.29 (m, 1H), 7.23 (td, J = 1.3 and 7.5 Hz, 1H), 7.05 (dd, J = 1.1 and 7.4 Hz, 1H, 

CHarom, C6’), 5.24 (s, 2H, N-CH2), 3.87 (s, 3H, OCH3). 
13C NMR (75 MHz, CDCl3) δ 163.3 

(C=O), 138.4 (C2, CHim), 134.5 (Cq), 134.2 (Cq), 133.5 (C3’, CHarom), 130.6 (CHarom), 129.7 

(C6’, CHarom), 128.4 (CHarom), 125.5 (C5, CHim), 123.6 (C2’, Cq-Br), 51.8 (OCH3), 51.4 (N-

CH2). HRMS (TOF MS ESI+): calcd. For C12H12BrN2O2 [M + H]+ 295.0082; found 295.0088. 

  

                                                           
4 J. Thireau, C. Schneider, C. Baudequin, S. Gaurrand, P. Angibaud, L. Meerpoel, V. Levacher, O. Querolle, C. 

Hoarau, Eur. J. Org. Chem., 2017, 2491-2494. 
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methyl 1-(2-bromo-4-fluorobenzyl)-1H-imidazole-4-carboxylate 4b : 

 

 

This compound was prepared from the corresponding mesylate following the general procedure 

for alkylation. 

White solid (32%). m.p = 112.8-113.5 °C (CH2Cl2/PE); 1H NMR (300 MHz, CDCl3) δ 7.58 (s, 

1Him, H5), 7.57 (s, 1Him, H2), 7.37 (dd, J = 1.6 and 7.5 Hz, 1Hbenzyl), 7.07-7.03 (m, 2Hbenzyl), 

5.20 (s, 2H, N-CH2), 3.86 (s, 3H, OMe). 13C NMR (75 MHz, CDCl3) δ 163.2 (C=O), 162.5 (d, 

J = 253.6 Hz, Cq, C-F), 138.3 (C2, CHim), 134.3 (C4im, Cq), 130.9 (d, J = 8.8 Hz, CHbenzyl), 

130.5 (d, J = 3.6 Hz, Cqbenzyl), 125.2 (C5, CHim), 123.9 (d, J = 9.6 Hz, Cqbenzyl), 121.0 (d, J = 

24.7 Hz, CHbenzyl), 115.6 (d, J = 21.3 Hz), 51.8 (OCH3), 50.7 (N-CH2). HRMS (TOF MS ESI+): 

calcd. For C12H11Br(81)FN2O2 [M + H]+ 314.9967; found 314.9969. 

methyl 1-[2-(2-bromophenyl)ethyl]-1H-imidazole-4-carboxylate 4c : 

 

This compound was prepared from the corresponding mesylate following the general procedure 

for alkylation. 

Pale yellow oil (43 %). 1H NMR (300 MHz, CDCl3) δ 7.58 (dd, J = 7.8 and 0.7 Hz, 1H, CHarom, 

C3'), 7.55 (s, 1H, C5, CHim), 7.31 (s, 1H, C2, CHim), 7.22-7.16 (m, 1H, CHarom), 7.13 (td, J = 

7.6, 1.9 Hz, 1H, CHarom), 6.95 (dd, J = 7.3 and 1.7 Hz, 1H, CHarom, C6’), 4.24 (t, J = 7.1 Hz, 

2H, N-CH2), 3.88 (s, 3H, OCH3), 3.20 (t, J = 7.1 Hz, 2H, CH2-Ph). 13C NMR (75 MHz, CDCl3) 

δ 163.2 (C=O), 137.9 (C2, CHim), 135.9 (C1’q, Carom), 133.7 (Cq, C4, Cim), 133.2 (C3’, CHarom), 

130.7 (C6’, CHarom), 129.1 (C5’, CHarom), 127.9 (C4’, CHarom), 125.1 (C5, CHim), 124.1 (C2’, 

Cq-Br), 51.7 (OCH3), 46.9 (N-CH2), 38.1 (CH2-Ph). This is a known compound and the spectral 

data are identical to those reported in literature.2 
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methyl 1[(2-bromophenyl)propyl]-1H-imidazole-4-carboxylate 4d : 

 

This compound was prepared from the corresponding mesylate following the general procedure 

for alkylation. 

Yellow oil (13 %). 

1H NMR (300 MHz, CDCl3) δ 7.65 (s, 1H, C5, CHim), 7.55 (d, J = 7.8 Hz, 1H, CHarom, C3’), 

7.51 (s, 1H, C2, CHim), 7.27-7.22 (m, 1H), 7.16-7.06 (m, 2H), 4.02 (t, J = 7.1 Hz, 2H, , N-CH2), 

3.89 (s, 3H, OCH3), 2.75 (t, J = 7.7 Hz, 2H, CH2-Ph), 2.16 (p, J = 7.3 Hz, 2H, CH2). 
13C NMR 

(75 MHz, CDCl3) δ 163.3 (C=O), 139.3 (C1’q, Carom), 137.9 (C2, CHim), 133.9 (Cq, C4, Cim), 

133.1 (CHarom), 130.3 (CHarom), 128.3 (CHarom), 127.8 (CHarom), 125.1 (C5, CHim), 124.3 (C2’, 

Cq-Br), 51.7 (OCH3), 46.9 (N-CH2), 33.0 (CH2-Ph), 30.8 (CH2). HRMS (TOF MS ESI+): calcd. 

For C14H16Br(81)N2O2 [M + H]+ 325.0375; found 325.0356. 

methyl 1-(2-(2-bromophenoxy)ethyl)-1H-imidazole-4-carboxylate 4e :  

 

This compound was prepared from the corresponding mesylate following the general procedure 

for alkylation. 

White solid (41 %). mp : 126.8-127.8 °C (CH2Cl2/PE). 1H NMR (300 MHz, CDCl3) δ 7.83 (s, 

1H), 7.70 (s, 1H, C5, CHim), 7.48 (dd, J = 7.9 and 1.3 Hz, 1H), 7.18 (td, J = 7.9 and 1.6 Hz, 

1H), 6.82 (td, J = 7.7, 1.3 Hz, 1H), 6.75 (dd, J = 8.2, 1.3 Hz, 1H), 4.40 (t, J = 4.7 Hz, 2H, N-

CH2), 4.20 (t, J = 4.7 Hz, 2H, O-CH2), 3.83 (s, 3H, OCH3). 
13C NMR (75 MHz, CDCl3) δ 163.2 

(C=O), 154.2, 138.8 (C2, CHim), 133.7, 133.6, 128.6, 126.1 (C5, CHim), 122.9, 113.0, 112.1, 

67.9 (OCH2), 51.6 (OCH3), 46.9 (N-CH2). HRMS (TOF MS ESI+): calcd. For C13H14Br(81)N2O3 

[M + H]+ 327.0167; found 327.0167. 
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8. Optimization of the Pd-catalyzed intramolecular direct C-H arylation of methyl 

mono-N-benzylimidazole-4-carboxylate 5A 

 

Entry Ligand Base 
Yieldb 

5A-C5 (%) 

Yieldb 

5A-C2 (%) 

1 PCy3•HBF4 Cs2CO3 35 3 

2 PCy3•HBF4 KOAc nd nd 

3 PCy3•HBF4 K2CO3 81 9 

4 PtBu2Me•HBF4 K2CO3 79 7 

5 PtBu3•HBF4 K2CO3 23 27 

6 PPh3 K2CO3 70 3 

7 P(4-FC6H4)3 K2CO3 81 17 

8 dppb K2CO3 42 nd 

 a) Conditions: 4a (1 eq), Pd(OAc)2 (5 mol%), ligand (10 mol%), base (2 eq), 1,4-dioxane (0.16 M), 140 °C, 18h. 
b) Yield of isolated compound. 

9. General procedure for the Pd-catalyzed intramolecular direct C-H arylation of 2-

bromo N-substituted-imidazoles. 

Method C: Bromo N-substituted-imidazole 4a-e (0.27 mmol, 1 equiv.) was placed in a dry 

sealed tube containing a magnetic stir bar with an appropriate Pd(OAc)2 (3 mg, 13 μmol, 5 mol 

%), PCy3•HBF4 (10 mg, 27 μmol, 10 mol%), K2CO3 (75 mg, 0.54 mmol, 2.0 eq). The tube was 

evacued and filled back with N2 three time before adding anhydrous 1,4-dioxane (final 

concentration of compound 5a-g in dioxane was 0.12M). The tube was sealed and heated to 

140 °C for 18 hours. The reaction mixture was filtered over a Celite® pad (washed with DCM 

and then EtOAc) and the solvents were removed under reduced pressure. The crude product 

was then purified by flash column chromatography. 
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Compound methyl 5H-imidazo[5,1-a]isoindole-1-carboxylate 5A-C5: 

 

Compound 5A-C5 was prepared according to the method C using 4a (0.27 mmol). The crude 

product was purified by flash chromatography (EtOAc) to afford 5A-C5 in 81% as a white 

solid. mp : 150.9-151.2 °C. 1H NMR (300 MHz, CDCl3) δ 8.34 (d, J = 7.5 Hz, 1Harom), 7.69 (s, 

1Him, H2), 7.49-7.37 (m, 3Harom), 5.04 (s, 2H), 3.97 (s, 3H, OMe). 13C NMR (75 MHz, CDCl3) 

δ 163.7 (C=O), 144.3 (Cq), 141.5 (Cq), 132.5 (C2, CHim), 129.4 (Cq), 128.9 (CHarom), 128.5 

(CHarom), 124.1 (CHarom), 123.4 (CHarom), 123.2 (Cq), 51.7 (OCH3), 49.1 (N-CH2). HRMS (TOF 

MS ESI+): calcd. For C12H11N2O2 [M + H]+ 215.0821; found 215.0817. 

Compound methyl 5H-imidazo[2,1-a]isoindole-2-carboxylate 5A-C2: 

 

Compound 5A-C2 was prepared according to the method C using 4a (0.27 mmol). The crude 

product was purified by flash chromatography (EtOAc) to afford 5A-C2 in 9% as a pale yellow 

solid. mp : 145.0-145.3 °C. 1H NMR (300 MHz, CDCl3) δ 7.95 (d, J = 7.4 Hz, 1Harom), 7.91 (s, 

1Him, H5),  7.49-7.38 (m, 3Harom), 4.97 (s, 2H), 3.94 (s, 3H, OMe). 13C NMR (75 MHz, CDCl3) 

δ 163.7 (C=O), 154.5 (Cq), 141.8 (Cq), 137.7 (Cq), 129.1 (Cq), 129.0 (CHarom), 128.7 (CHarom), 

123.6 (CHarom), 122.3 (CHarom), 121.2 (CH), 51.9 (OCH3), 49.1 (N-CH2). HRMS (TOF MS 

ESI+): calcd. For C12H11N2O2 [M + H]+ 215.0821; found 215.0823. 

methyl 8-fluoro-5H-imidazo[5,1-a]isoindole-1-carboxylate 5B-C5 : 

 

Compound 5B-C5 was prepared according to the method C using 4b (0.27 mmol). The crude 

product was purified by flash chromatography (EtOAc) to afford 5B-C5 in 90% as a pale yellow 

solid. mp : 197.5 °C (degradation). 1H NMR (300 MHz, CDCl3) δ 8.09 (dd, J = 8.7, 2.3 Hz, 

1Harom), 7.74 (s, 1Him, H2), 7.41 (dd, J = 8.4, 4.7 Hz, 1H), 7.10 (td, J = 8.7, 2.6 Hz, 1H), 5.05 

(s, 2H, N-CH2), 4.00 (s, 3H, OMe). 13C NMR (75 MHz, CDCl3) δ 163.5 (C=O), 163.3 (d, J = 
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244.7 Hz, Cq, C-F), 143.30 (d, J = 4.0 Hz), 136.81 (d, J = 2.7 Hz, Cqarom), 132.8 (C2, CHim), 

131.28 (d, J = 11.1 Hz), 124.69 (d, J = 9.1 Hz), 123.8 (Cq), 115.68 (d, J = 23.7 Hz), 111.48 (d, 

J = 25.9 Hz), 51.9 (OCH3), 48.8 (N-CH2). HRMS (TOF MS ESI+): calcd. For C12H10FN2O2 [M 

+ H]+ 233.0726; found 233.0731. 

 

methyl 8-fluoro-5H-imidazo[2,1-a]isoindole-2-carboxylate 5B-C2 :  

 

Compound 5B-C2 was prepared according to the method C using 4b (0.27 mmol). The crude 

product was purified by flash chromatography (EtOAc) to afford 5B-C2 in 8% as a pale yellow 

solid. mp : 177.0 °C (degradation). 1H NMR (300 MHz, CDCl3) δ 7.91 (s, 1Him, H5), 7.61 (dd, 

J = 8.1, 2.0 Hz, 1Harom), 7.44 (dd, J = 8.3, 4.4 Hz, 1Harom), 7.11 (td, J = 8.8, 2.3 Hz, 1Harom), 

4.95 (s, 2H, N-CH2), 3.94 (s, 3H, OMe). 13C NMR (75 MHz, CDCl3) δ 163.5 (C=O), 163.3 (d, 

J = 245.6 Hz, Cq, C-F), 153.4 (Cq), 137.9 (Cq), 137.1 (d, J = 2.7 Hz, Cq), 131.1 (d, J = 10.4 

Hz, Cq), 125.0 (d, J = 9.1 Hz, CH), 122.5 (C5, CHim), 115.9 (d, J = 23.7 Hz, CHarom), 108.5 (d, 

J = 25.3 Hz, CHarom), 52.0 (OCH3), 48.9 (N-CH2). HRMS (TOF MS ESI+): calcd. For 

C12H10FN2O2 [M + H]+ 233.0726; found 233.0724. 

methyl 5,6-dihydroimidazo[5,1-a]isoquinoline-1-carboxylate 6-C5 : 

 

Compound 6-C5 was prepared according to the method C using 4c (0.27 mmol). The crude 

product was purified by flash chromatography (EtOAc) to afford 6-C5 in 81% as a white solid 

(81 %). mp = 187.1-188.2 °C (CH2Cl2/PE). 1H NMR (300 MHz, CDCl3) δ 8.74 (d, J = 7.6 Hz, 

1Harom), 7.53 (s, 1H, C2, CHim) 7.42-7.37 (m, 1Harom) 7.34-7.26 (m, 2Harom), 4.16 (t, J = 6.5 Hz, 

2H, N-CH2), 3.95 (s, 3H, OMe), 3.09 (t, J = 6.6 Hz, 2H, CH2-Ph). 13C NMR (75 MHz, CDCl3) 

δ 164.3 (C=O), 135.6 (C2, CHim), 133.9 (Cq), 133.1 (Cq), 129.2 (CHarom), 128.5 (CHarom), 128.3 

(Cq), 127.9 (CHarom), 127.7 (CHarom) , 126.0 (Cq), 52.0 (OCH3), 42.6 (N-CH2), 29.7 (CH2-Ph). 

HRMS : Anal. Calcd for C13H13N2O2: [M+H]+ 229.0977, found 229.0981. This is a known 

compound.2 
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methyl 5,6-dihydroimidazo[2,1-a]isoquinoline-2-carboxylate 6-C2 : 

 

Compound 6-C2 was prepared according to the method C using 4c (0.27 mmol). The crude 

product was purified by flash chromatography (EtOAc) to afford 6-C2 in 9% yellow oil. 1H 

NMR (300 MHz, CDCl3) δ 8.19-8.16 (m, 1Harom), 7.65 (s, 1H, C5, CHim), 7.38-7.29 (m, 2Harom), 

7.26-7.23 (m, 1Harom), 4.23 (t, J = 6.9 Hz, 2H, N-CH2), 3.93 (s, 3H, OMe), 3.19 (t, J = 6.9 Hz, 

2H, CH2-Ph). 13C NMR (75 MHz, CDCl3) δ 163.6 (C=O), 145.1 (C2, Cqim), 133.3 (Cq), 132.8 

(Cq), 129.4 (CHarom), 127.9 (CHarom), 127.8 (CHarom), 126.3 (Cq), 125.5 (CH), 124.7 (CH), 51.9 

(OCH3), 43.9 (N-CH2), 28.4 (CH2-Ph). This is a known compound.2 

methyl 6,7-dihydro-5H-benzo[c]imidazo[1,5-a]azepine-1-carboxylate 7-C5 : 

 

Compound 7-C5 was prepared according to the method C using 4d (0.27 mmol). The crude 

product was purified by flash chromatography (EtOAc) to afford 7-C5 in 61%. mp : 185.7-

186.2 °C (CH2Cl2/PE). 1H NMR (300 MHz, CDCl3) δ 7.77-7.74 (m, 1Harom), 7.56 (s, 1H, C2, 

CHim), 7.37-7.34 (m, 2Harom), 7.27-7.24 (m, 1Harom), 3.89-3.85 (m, 2H), 3.85 (s, 3H, OMe), 2.63 

(t, J = 7.1 Hz, 2H), 2.25 (p, J = 6.9 Hz, 2H). 13C NMR (75 MHz, CDCl3) δ 163.5 (C=O), 138.4 

(Cq), 138.2 (Cq), 136.3 (C2, CHim), 131.5 (CHarom), 129.7 (CHarom), 128.9 (CH), 128.6 (Cq), 

126.6 (CHarom), 51.7 (OCH3), 43.2 (N-CH2), 31.3 (CH2), 30.2 (CH2). HRMS : Anal. Calcd for 

C14H15N2O2: [M+H]+ 243.1134, found 243.1137. 

methyl 6,7-dihydro-5H-benzo[c]imidazo[1,2-a]azepine-2-carboxylate 7-C2 : 

 

Compound 7-C2 was prepared according to the method C using 4d (0.27 mmol). The crude 

product was purified by flash chromatography (EtOAc) to afford 7-C2 in 39%. 1H NMR (300 

MHz, CDCl3) δ 7.84-7.81 (m, 1Harom), 7.72 (s, 1H, C5, CHim), 7.36-7.33 (m, 2Harom), 7.25-7.23 

(m, 1Harom), 3.94 (t, J = 6.9 Hz, 2H), 3.90 (s, 3H, OMe), 2.71 (t, J = 7.1 Hz, 2H), 2.33 (p, J = 

6.9 Hz, 2H). 13C NMR (75 MHz, CDCl3) δ 163.6 (C=O), 149.4 (C2, Cqim), 138.0 (Cq), 132.5 
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(Cq), 130.2 (Cq), 129.8 (CHarom), 129.2 (CHarom), 129.2 (CHarom), 127.2 (CHarom), 126.8 (C5, 

CHim), 51.8 (OCH3), 45.0 (N-CH2), 31.0 (CH2), 30.4 (CH2).  

methyl 5,6-dihydrobenzo[f]imidazo[1,5-d][1,4]oxazepine-1-carboxylate 8-C5 :  

 

Compound 8-C5 was prepared according to the method C using 4e (0.27 mmol). The crude 

product was purified by flash chromatography (EtOAc) to afford 8-C5 in 62% as a white solid. 

mp : 190.2-191.4 °C (CH2Cl2/PE). 1H NMR (300 MHz, CDCl3) δ 7.88 (dd, J = 7.7, 1.5 Hz, 

1Harom), 7.64 (s, 1Him, H2), 7.42 (td, J = 7.8, 1.6 Hz, 1Harom), 7.29 (t, J = 7.5 Hz, 1Harom), 7.18 

(d, J = 8.0 Hz, 1Harom), 4.51 (t, J = 5.9 Hz, 2H, O-CH2), 4.11 (t, J = 5.9 Hz, 1H, N-CH2), 3.88 

(s, 3H, OMe). 13C NMR (75 MHz, CDCl3) δ 163.3 (C=O), 153.1 (Cq), 136.0 (Cq), 135.8 (CH), 

132.3 (CH), 131.2 (CH), 129.4 (Cq), 124.6 (CH), 122.7 (Cq), 122.4 (CH), 74.0 (O-CH2), 51.7 

(OCH3), 43.5 (N-CH2). HRMS : Anal. Calcd for C13H13N2O3: [M+H]+ 245.0926, found 

245.0925. 

methyl 5,6-dihydrobenzo[f]imidazo[1,2-d][1,4]oxazepine-2-carboxylate 8-C2 : 

 

Compound 8-C2 was prepared according to the method C using 4e (0.27 mmol). The crude 

product was purified by flash chromatography (EtOAc) to afford 8-C2 in 37% as a pale yellow 

solid. mp : 167.9-169.3 °C (CH2Cl2/PE). 1H NMR (300 MHz, CDCl3) δ 8.59 (d, J = 8.1 Hz, 

1Harom), 7.66 (s, 1Him, H5), 7.28 (d, J = 8.0 Hz, 1Harom), 7.11 (t, J = 7.6 Hz, 1Harom), 7.02 (d, J 

= 8.1 Hz, 1Harom), 4.48-4.41 (m, 4H), 3.92 (s, 3H, OMe). 13C NMR (75 MHz, CDCl3) δ 163.4 

(C=O), 155.7 (Cqarom), 145.9 (C2, Cqim), 133.2 (C4, Cqim), 130.9 (CHarom), 130.7 (CHarom), 

127.5 (C5, CHim), 122.9 (CHarom), 120.5 (CHarom), 117.8 (Cqarom), 68.3 (O-CH2), 51.9 (OCH3), 

50.4 (N-CH2). HRMS : Anal. Calcd for C13H13N2O3: [M+H]+ 245.0926, found 245.0923. 

10. Copies of NMR Spectra 
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