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ABSTRACT: Iron-catalyzed direct C—N bond formation between
azoles and amides is described. The oxidative coupling reactions of
sp> C—H bonds adjacent to a nitrogen atom in amides and
sulfonamides with the N—H bond in azoles proceeded smoothly in
the presence of FeCl, and di-tert-butyl peroxide (DTBP).

he formation of C—N bonds is one of the most important
transformations in organic chemistry owing to the high
prevalence of nitrogen-containing molecules of biological and
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Benzimidazole (1a) and N,N-dimethylacetamide (2a) were
selected as the model substrates to establish optimized reaction
conditions (Table 1). Various iron and copper salts were tested

pharmaceutical relevance.! Transition metal catalyzed cross-
coupling reactions are among the most important methods for
C—N bond formation. However, the need of preinstallation of
reactive functional groups limits their further application. The
direct C—N bond formation via C—H activation represents an
extremely attractive and efficient route, because it is
straightforward and has economic advantages over present
procedures, which employ prefunctionalized substrates.” The
catalytic sp* C—H bond activation is a challenging and powerful
technology in organic synthesis.” Recently, catalytic oxidative
functionalization of an sp> C—H bond adjacent to a heteroatom
(nitrogen or oxygen) has attracted much interest.* Selective
functionalization of C—H bonds adjacent to a nitrogen atom in
simple amines and amides is of great importance for the
synthesis of nitrogen-containing compounds. For example, Li
and other groups have reported cross-dehydrogenative coupling
(CDC) of C—H bonds adjacent to a nitrogen atom to give new
C—C bonds.®™ This reaction is more atom economical and
environmentally friendly than traditional cross-coupling reac-
tions. Recently, Shirakawa and co-workers have reported iron-
catalyzed oxidative C—C coupling between alphatic amides and
electron-rich arenes via direct sp® C—H bond activation
adjacent to nitrogen atoms in amides.’ However, construction
of new C—N bonds via oxidative functionalization of an sp> C—
H bond adjacent to a nitrogen atom is sparse.”*® To the best of
our knowledge, the direct conversion of an sp*> C—H bond
adjacent to a nitrogen atom into a C—N bond using azoles as
the nitrogen sources has not been reported.

N-Alkylazoles are fundamental structural and functional units
of many N-heterocyclic carbenes (NHC)” and ionic liquids.®
Traditionally, N-alkylazoles are prepared by nucleophilic
substitution of alkyl halides. Recently, we have reported direct
C—N coupling of imidazoles and benzylic compounds for
synthesis of imidazole derivatives.” Herein, we report iron-
catalyzed N-alkylation of azoles via oxidative activation of C—H
bond adjacent to a nitrogen atom.
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Table 1. Optimization of Reaction Conditions”

catalyst
DTBP
+ DMAc —MM8MMM

N NH solvent (1 mL) NQ/N_>NJ<O
120°C, 3 h
1a 2a 3a
2a DTBP yield
entry  catal. (mol %) (equiv) (equiv) solvent (%)
1 CuBr (10) 2 DMAc 66
2 Cul (10) 2 DMAc 34
3 Cu(OTY), (10) 2 DMAc 41
4 FeSO,7H,0 (10) 2 DMAc 19
S FeCl, (10) 2 DMAc 74
6 Fe(acac), (10) 2 DMAc 44
7 FeCl, (10) 3 DMAc 97
8% FeCl, (10) 3 DMAc 68
9 FeCl, (10) 8 3 CHCl 93
10 FeCl, (10) 6 3 CeHLCl 94
11 FeCl, (10) 4 3 CeHLCl 96
12 EeCl (10) 2 3 CHCl 67
13 FeCl, (5) 4 3 CHCI 96
14 4 3 C,H.CI 17

“Reaction conditions: 1a (0.5 mmol) under N,. ?100 °C

for the proposed reaction using di-tert-butyl peroxide (DTBP)
as an oxidant in DMAc (Table 1, entries 1—6). Di-tert-butyl
peroxide is a suitable oxidant,”'® and iron is an efficient catalyst
in oxidative coupling reactions."" All the copper and iron salts
are active regardless of their oxidation states. FeCl, showed
relatively higher catalytic efficiency than other metal salts,
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Table 2. Reactions of Various Azoles with DMAc®

FeCl, (5 mol%) 1
DTBP (3 equiv)
|"\1\NH + DMAc —————— N7\ 0
= CeHsCl (1 mL) =X /N‘/<
X. Y=C or N 120 °C,3h
1 2a 3
entry product yield (%)
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N§/N_\ O 75

N=N’N—\ o] 69

/NA/< 3m

“Reaction conditions: 1 (0.5 mmol), 2a (2.0 mmol), FeCl, (0.025 mmol), DTBP (1.5 mmol), C4H;Cl (1.0 mL), 120 °C, 3 h, under N,.

giving a yield of 74% in the presence of 2 equiv of DTBP at 120
°C, and thus was chosen as the catalyst for further optimization
(entry S). The compound 3a was almost quantitatively
obtained when the amount of DTBP was increased to 3
equiv (entry 7). When the reaction was carried out at 100 °C,

the yield was decreased to 68% (entry 8). The reaction was also
tested in C¢HCl, and comparable yields could be obtained
when 4—8 equiv of DMAc was used (entries 9—11). However,
the yield of 3a was decreased to 67% in the presence of 2 equiv
of DMAc (entry 12). Furthermore, we found that the reaction
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Table 3. Reactions of Azoles with Various Amides and Sulfonamides®
FeCl, (5 mol%) R4

Rj\g\ ,~ _R¢ DTBP(3equv) R N-R2
[NNH o, RN N
N=/ R3 CgHsCl (1 mL) NS g2
120°C, 3h R3 = acyl or Sulfonyl
1 2 4
entry 1 2 product yield (%)
1 la /&N/ N P 75
H 2b Ns/ HN—/< 4a
2 1la <Nj NVN_\NJ{) 44
2c @ 4b
3 1a N %N“N 4 95
S
4c
BN
4 1b N a /C 96
2d 4d
5 1a iN« QN o 55
H 2e N=/ HN,.< de
6 1a /ﬁ\N/\ NQ/N o} 75
. af DV
7 la /&N/\/\ o 47
H 2g N=/ HN‘<4g
NyN-\NJ{)
82
8 la )?\N/\/\ 4h (4h:4h’ =
| 2h Q’§ 2.2:1)
N o)
=
9 1a iu WA 98
" ©21 N g
by B, o
10 la N N~° (4j:4y =
2] Ty 3.1:1)
%N_\ o]
O 4
o
11 la 79
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Table 3. continued

entry 1 2 product yield (%)
12° 1a éNH Q _<1j° 46
21 NN 41
o o
13° 1a @»4 QN % 53
2m N~/ 4m
14 1a gN oM A 92
@ 4n
o
15 1a O NJ‘Q )
@20 @ X
40
16 1 ';?N/ Q 9 65
a -n N7
AN LSV VI
° 2 7o 4p
Q 7/ K\N_\N—g—
17 1j B b/ g 68
P 4q

“Reaction conditions: 1 (0.5 mmol), 2 (2.0 mmol), FeCl, (0.025 mmol), DTBP (1.5 mmol), C4H;Cl (1.0 mL), 120 °C, 3 h, under N,. b6 h.

Scheme 1. An Investigation of Reaction Mechanism

\ 0O FeCl; (56 mol%)
/N DTBP (2 equiv)
—_— >
120 °C,24 h
2d
N 0O
//N
+
tBu—©
Ny NH
0.5 mmol 0.6 mmol
1a 5

\

tBu~©

45%

0 NP

FeCl3 (5 mol%) N/ )\l 82%
CeHsCl (1 mL)

120 °C,1.5h 4c

No Metal

; N
CeHsCl (1mL) NS/ N trace
120 °C, 1.5 h
4c

in the presence of 5 mol % of FeCl, gave identical result to
those of 10 mol % of FeCl, (entry 13). Although the reaction
could proceed without use of a metal catalyst, the yield is quite
poor (entry 14).

The coupling of various azoles with DMAc 2a was
investigated under the optimized conditions, and the results
were summarized in Table 2. The reaction of imidazole 1b gave
a slightly lower yield (Table 2, entry 2). A moderate yield was
obtained when 2-methyl imidazole 1c was applied (entry 3).
Benzoimidazole 1d having two methyl groups at its 5- and 6-
positions showed relatively lower activity compared to 1la
(entry 4). 2-Substituted benzoimidazoles le—i having either
electron-withdrawing or electron-donating groups gave good
yields (entries 5—9), indicating that the steric and electronic
effect of groups at the 2-positions has little influence on the C—

9369

N coupling. 2-Phenyl imidazole 1j showed higher reactivity
than imidazole 1b (entry 10). 4,5-Dicyanoimidazole 1k bearing
two strong electron-withdrawing substituents gave similar yield
compared to imidazole 1b (entry 11). Moreover, 3,5-
dimethylpyrazole 11 and benzotriazole 1m afforded the
corresponding products 31 and 3m in satisfactory yields
(entries 12 and 13).

We next examined the coupling reactions of a series of
amides and sulfonamides with imidazole (Table 3). The acyclic
amides afforded the corresponding products with moderate to
good yields (entries 1-9). A free N—H bond in N-
methylacetamide 2b can be tolerated but a lower yield was
obtained compared to N,N-dimethylacetamide 2a (entry 1). N-
Methyl-N-phenylacetamide 2c¢ gave moderate yield probably
due to the steric effect (entry 2). Reaction of N,N-
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Scheme 2. Possible Mechanism of Oxidative C—N Coupling
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dimethylbenzamide 2d with benzoimidazole and imidazole
yielded the desired products in excellent yields (entries 3 and
4). The methylene moieties of N-ethylacetamide, N,N-
diethylacetamide, and N-butylacetamide are relatively more
inert than methyl in N,N-dimethylacetamide (entries 5—7).
The coupling reaction of N-butyl-N-methylacetamide 2h with
1a took place in the presence of FeCl, affording a mixture of 4h
and 4h’ in a ratio of 2.2:1 (entry 8). The results clearly
demonstrate that C—H bonds of N-methyl are more active than
those of N-methylene group. Benzyl C—H bond in N-
benzylacetamide 2i showed high reactivity giving 4i in 98%
yield (entry 9). Probably the benzyl group can stabilize the
proposed acyliminium cation intermediate generated by
oxidation.

The lactams also underwent the C—N coupling with
benzoimidazole la (entries 10—1S5). When 1-methylpyrroli-
din-2-one 2j was used, two products 4j and 4§’ were formed in
an overall yield of 97%. Unlike the chain amides described
above, the functionalization of the CH, group adjacent to
nitrogen atom in the ring is more facile than that of the N—Me
group (entry 10). However, when 1-methylazepan-2-one 2k
was used, 1-((1H-benzo[d]imidazol-1-yl)methyl)azepan-2-one
4k was isolated as the only product, and no functionalization
product occurred at the ring was found (entry 11). Again, the
free N—H bond can be tolerated, but 2l and 2m show lower
activities than N-methyllactams (entries 12 and 13). Interest-
ingly, reactions of 1-phenylpyrrolidin-2-one 2n and 1-phenyl-
azepan-2-one 20 showed remarkable difference (entries 14 and
15). We speculate that the methylene C—H bonds of -
membered lactams are more reactive than those of 7-membered
lactams (entries 10, 11, 14 and 15). We further found that
sulfonamides were also suitable for the direct C—N bond
coupling (entries 16 and 17).

The mechanism of FeCl,-catalyzed direct C—N coupling was
briefly investigated. The oxidation of alkylamides with an
oxygen-based oxidant to give a-alkoxylamides has been
known.>'? On the basis of this fact, the following control
experiments were performed. As shown in Scheme 1, treatment
of N,N-dimethylbenzamide 2d with 2 equiv of DTBP gave N-
(tert-butoxymethyl)-N-methylbenzamide $ in 45% yield in the
presence of FeCl,. Further reaction of benzoimidazole 1a with
isolated $ afforded 4c in 82% yield when 5 mol % FeCl; was
used. When the reaction was carried out under metal-free
conditions, only a trace amount of 4c was observed. Obviously,
iron catalyst is crucial for the formation of both N-(fert-
butoxymethyl)-N-methylbenzamide § and N-((1H-benzo[d]-
imidazol-1-yl)methyl)-N-methylbenzamide 4c.
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Therefore, a possible mechanism is proposed in Scheme 2.
The reaction is initiated by iron-assisted oxidation to form
radical A from the H abstraction of DMAc. The radical A could
be further oxidized to acyliminium ion B through a single-
electron transfer process. The acyliminium ion B reacts with t-
BuOH to give tert-butoxyamide 6, and subsequent nucleophilic
reaction of benzimidazole with tert-butoxyamide 6 assisted by
Fe(III) ion would form the product 3a. Another possibility is
that benzimidazole directly reacts with acyliminium ion B to
yield 3a.

In summary, we have developed an efficient method for the
synthesis of azole derivatives by an iron catalyzed direct C—N
coupling of azoles and amides. The chemistry has several
methodological advantages: (i) The catalyst—oxidant system is
inexpensive and readily available. (ii) The C—N bonds can be
formed directly from C—H bonds. (iii) A wide range of amides
and sulfonamides can be used as substrate for N-alkylation of
azoles.

B EXPERIMENTAL SECTION

General Procedure for the Synthesis of Products 3 or 4. An
oven-dried Schlenk tube equipped with a magnetic stir bar was
charged with azole 1 (0.5 mmol), FeCl, (3.2 mg, 0.025 mmol), and
amide 2 (2.0 mmol). The tube was evacuated and refilled with N,, and
this process was repeated three times. Then di-tert-butyl peroxide (220
mg, 1.5 mmol) in chlorobenzene (1.0 mL) was added. The resulting
mixture was stirred at 120 °C for 3 h. After completion of the reaction,
the resulting solution was cooled to room temperature. The reaction
mixture was then filtered and the filtrate was concentrated under
reduced pressure. The residue was purified by flash column
chromatography on silica gel (ethyl acetate/ethanol, 10:1) to afford
the corresponding product.

N-((1H-Benzo[dlimidazol-1-yl)methyl)-N-methylacetamide
(3a)." Light yellow oil (97 mg, 96%): 'H NMR (400 MHz, CDCl,) &
7.89 (s, 1H), 7.71 (d, ] = 7.2 Hz, 1H), 7.50 (d, J = 8.0 Hz, 1H), 7.21 (4,
J = 3.8 Hz, 2H), 5.63 (s, 2H), 2.91 (s, 3H), 2.03 (s, 3H); *C NMR
(100 MHz, CDCl;) & 171.4, 143.5, 143.4, 133.1, 123.5, 122.6, 120.1,
110.3, 55.0, 35.0, 21.7; HRMS (TOF MS EI') m/z caled for
C,;H,;N,0 203.1059, found 203.1061.

N-((1H-Imidazol-1-yl)methyl)-N-methylacetamide (3b). Light
yellow oil (55 mg, 72%): 'H NMR (400 MHz, CDCL;) 6 7.59 (s, 1H),
6.99 (d, J = 8.0 Hz, 2H), 5.38 (s, 2H), 2.97 (s, 3H), 2.05 (s, 3H); *C
NMR (100 MHz, CDCI3) 6 171.5, 137.3, 129.3, 119.1, 57.1, 35.0,
21.6; HRMS (TOF MS EI') m/z caled for C,H;;N;O 153.0902,
found 153.0901.

N-Methyl-N-((2-methyl-1H-imidazol-1-yl)methyl)acetamide
(3¢). Light yellow oil (37 mg, 44%): '"H NMR (400 MHz, CDCl,) §
6.97 (s, 1H), 6.90 (s, 1H), 5.44 (s, 2H), 2.99 (s, 3H), 2.44 (s, 3H),
2.14 (s, 3H); 3C NMR (100 MHz, CDCl;) §171.1, 144.8, 127.3,
119.6, 55.8, 34.5, 21.7, 12.9; HRMS (TOF MS EI*) m/z calcd for
CgH,3N;0 167.1059, found 167.1061.
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N-((5,6-Dimethyl-1H-benzo[d]imidazol-1-yl)methyl)-N-
methylacetamide (3d). Yellow oil (60 mg, 52%): 'H NMR (400
MHz, CDCly) 6 7.90 (s, 1H), 7.50 (s, 1H), 7.28 (s, 1H), 5.62 (s, 2H),
2.93 (s, 3H), 2.33 (s, 3H), 2.31 (s, 3H), 2.07 (s, 3H); 3C NMR (100
MHz, CDCL,) 6 171.3, 142.7, 142.0, 132.7, 131.6, 131.5, 120.1, 110.3,
54.9, 34.8, 21.7, 20.5, 20.1; HRMS (TOF MS EI") m/z calcd for
C13H,;N;0 231.1372, found 231.1373.

N-Methyl-N-((2-methyl-1H-benzo[d]imidazol-1-yl)methyl)-
acetamide (3e). Yellow oil (90 mg, 83%): 'H NMR (400 MHz,
CDClL,) 6 7.59=7.57 (m, 1H), 7.36—7.34 (m, 1H), 7.15—7.13 (m,
2H), 5.62 (s, 2H), 2.77 (s, 3H), 2.55 (s, 3H), 2.04 (s, 3H); 3C NMR
(100 MHz, CDCl;) 6 171.0, 151.7, 142.2, 134.7, 122.6, 122.3, 118.9,
109.7, 53.1, 33.8, 21.8, 13.9; HRMS (TOF MS EI*) m/z calcd for
C,H N0 217.1215, found 217.1213.

N-((2-Chloro-1H-benzo[dlimidazol-1-yl)methyl)-N-methyla-
cetamide (3f). Yellow oil (89 mg, 75%): 'H NMR (400 MHz,
CDCly) 6 7.70—7.63 (m, 2H), 7.31-7.29 (m, 2H), 5.87 (s, 2H), 2.98
(s, 3H), 2.16 (s, 3H); *C NMR (100 MHz, CDCL;) § 171.4, 141.4,
1402, 134.2, 123.9, 123.3, 119.2, 111.1, 53.7, 34.0, 21.8; HRMS (TOF
MS EI*) m/z caled for C,;H;,CIN;0 237.0669, found 237.0674.

N-Methyl-N-((2-phenyl-1H-benzo[d]limidazol-1-yl)methyl)-
acetamide (3g). White solid (112 mg, 80%): mp 155—156 °C; 'H
NMR (400 MHz, CDCl,) § 7.79 (d, ] = 7.2 Hz, 1H), 7.65—7.60 (m,
3H), 7.51 (s, 3H), 7.30—7.27 (m, 2H), 5.93 (s, 2H), 2.42 (s, 3H), 1.99
(s, 3H); '*C NMR (100 MHz, CDCl,) § 171.1, 154.3, 142.8, 134.3,
130.0, 129.8, 129.6, 128.9, 123.5, 123.0, 119.7, 111.4, 53.8, 33.1, 21.6;
HRMS (TOF MS EI') m/z caled for C;H;,N;0 279.1372, found
279.1371.

N-Methyl-N-((2-(trifluoromethyl)-1H-benzo[d]imidazol-1-yl)-
methyl)acetamide (3h). Yellow oil (118 mg, 87%): '"H NMR (400
MHz, CDCl;) § 7.80 (d, ] = 7.2 Hz, 1H), 7.59 (d, ] = 6.8 Hz, 1H),
7.37-7.31 (m, 2H), 5.91 (s, 2H), 2.81 (s, 3H), 2.13 (s, 3H); *C NMR
(100 MHz, CDCly) & 171.4, 140.8, 140.5 (q, Jo_r = 37.9 Hz), 134.5,
126.0, 124.1, 121.4, 118.9 (q, Jo_r = 269.9 Hz), 111.9, 54.1, 33.1, 21.8;
HRMS (TOF MS EI*) m/z caled for C;,H;,F;N;0 271.0932, found
271.0931.

N-((2-1sopropyl-1H-benzo[dlimidazol-1-yl)methyl)-N-meth-
ylacetamide (3i). White solid (103 mg, 84%): mp 121-122 °C; 'H
NMR (400 MHz, CDCl;) § 7.74—7.72 (m, 1H), 7.43—7.40 (m, 1H),
7.23=7.21 (m, 2H), 5.78 (s, 2H), 3.33—3.26 (m, 1H), 2.81 (s, 3H),
2.12 (s, 3H), 1.40 (s, 3H), 1.39 (s, 3H); '3C NMR (100 MHz, CDCl,)
5171.0, 160.4, 142.3, 134.6, 122.7, 122.4, 119.3, 109.5, 52.4, 33.4, 26.0,
21.8, 21.8; HRMS (TOF MS EI') m/z caled for C;H;s N;0O
245.1528, found 245.1528.

N-Methyl-N-((2-phenyl-1H-imidazol-1-yl)methyl)acetamide
(3])- Light yellow oil (93 mg, 81%): '"H NMR (400 MHz, CDCl,) §
7.47—7.38 (m, SH), 7.10 (s, 1H), 7.04 (s, 1H), 5.51 (s, 2H), 2.56 (s,
3H), 1.98 (s, 3H); '*C NMR (100 MHz, CDCl;) § 1714, 148.1,
130.1, 129.4, 129.1, 128.9, 128.7, 120.2, 56.5, 34.4, 21.6; HRMS (TOF
MS EI') m/z caled for C3H sN;O 229.121S, found 229.1213.

N-((4,5-Dicyano-1H-imidazol-1-yl)methyl)-N-methylaceta-
mide (3k). Light yellow oil (76 mg, 75%): 'H NMR (400 MHz,
CDCl,) & 8.04 (s, 1H), 5.56 (s, 2H), 3.24 (s, 3H), 2.13 (s, 3H); B°C
NMR (100 MHz, CDCl,) § 172.6, 143.0, 122.7, 111.5, 111.4, 108.1,
58.6, 36.9, 21.5; HRMS (TOF MS EI') m/z caled for CoHoN O
203.0807, found 203.0810.

N-((3,5-Dimethyl-1H-pyrazol-1-yl)methyl)-N-methylaceta-
mide (3l). Light yellow oil (69 mg, 76%): 'H NMR (400 MHz,
CDCly) 6 5.74 (s, 1H), 5.48 (s, 2H), 3.00 (s, 3H), 2.22 (s, 3H), 2.13
(s, 3H), 2.03 (s, 3H); *C NMR (100 MHz, CDCL;) § 170.7, 148.0,
139.9, 105.9, 58.0, 34.6, 21.8, 13.3, 10.8; HRMS (TOF MS EI*) m/z
caled for CoH N0 181.1215, found 181.1216.

N-((1H-Benzo[d][1,2,3]triazo|-1-yI)methyl)-N-methP/Iaceta-
mide (3m)."* White solid (70 mg, 69%): mp 74—75 °C; TH NMR
(400 MHz, CDCl;) & 8.05 (d, J = 8.0 Hz, 1H), 791 (d, ] = 8.4 Hg,
1H), 7.50 (t, J = 7.8 Hz, 1H), 7.39 (t, ] = 7.6 Hz, 1H), 6.22 (s, 2H),
3.11 (s, 3H), 2.13 (s, 3H); *C NMR (100 MHz, CDCl;) § 171.5,
146.0, 132.3, 127.8, 124.3, 119.5, 111.0, 57.4, 34.8, 21.6; HRMS (TOF
MS EI*) m/z caled for C,gH;,N,O 204.1011, found 204.1008.

N-((1H-Benzo[d]imidazol-1-yl)methyl)acetamide (4a). White
solid (71 mg, 75%): mp 159—160 °C; 'H NMR (400 MHz, CDCL;) §
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8.25 (br, 1H), 7.82 (s, 1H), 7.68 (t, ] = 4.2 Hz, 1H), 7.56 (t, ] = 4.6
Hz, 1H), 7.29—24 (m, 2H), 5.55 (d, ] = 6.8 Hz, 2H), 1.96 (s, 3H); *C
NMR (100 MHz, CDCl,) § 171.0, 143.2, 143.1, 132.8, 123.5, 122.7,
119.7, 1102, 482, 22.8; HRMS (TOF MS EI') m/z caled for
C1oH,N;0 189.0902, found 189.0905.
N-((1H-Benzo[dlimidazol-1-yl)methyl)-N-phenylacetamide
(4b). White solid (58 mg, 44%): mp 146—147 °C; 'H NMR (400
MHz, CDCl;) 6 7.76 (d, ] = 8.0 Hz, 1H), 7.70 (s, 1H), 7.38—7.20 (m,
6H), 6.85 (d, ] = 7.2 Hz, 2H), 6.00 (s, 2H), 1.85 (s, 3H); '*C NMR
(100 MHz, CDCl;) 6 171.0, 143.6, 143.5, 140.4, 132.9, 130.2, 129.0,
128.1, 123.3, 122.5, 120.1, 110.5, 56.0, 22.4; HRMS (TOF MS EI*) m/
z caled for C¢H sN;O 265.1215, found 265.1214.
N-((1H-Benzo[d]imidazol-1-yl)methyl)-N-methylbenzamide
(4¢). Light yellow oil (126 mg, 95%): 'H NMR (400 MHz, CDCL;) §
8.18 (s,1H), 7.82 (d, ] = 6.4 Hz, 1H), 7.66 (s, 1H), 7.37—7.28 (m,
7H), 5.87 (s, 2H), 2.92 (s, 3H); *C NMR (100 MHz, CDCl;) §
172.1, 143.6, 143.3, 134.5, 133.2, 130.4, 128.5, 127.0, 123.7, 122.8,
120.3, 110.2, 554, 36.2; HRMS (TOF MS EI') m/z caled for
C,6H,sN;0 265.1215, found 265.1212.
N-((1H-Imidazol-1-yl)methyl)-N-methylbenzamide (4d). Light
yellow oil (103 mg, 96%): '"H NMR (400 MHz, CDCl,) 5 7.69 (s,
1H), 7.35 (s, SH), 7.12 (s, 1H), 7.02 (s, 1H), 5.51 (s, 2H), 2.89 (s,
3H); ®C NMR (100 MHz, CDCl;) § 172.1, 137.6, 134.5, 130.4,
129.6, 128.5, 127.0, 119.4, 57.3, 36.2; HRMS (TOF MS EI') m/z
caled for C,H; 3N50 215.1059, found 215.1058.
N-(1-(1H-Benzol[d]imidazol-1-yl)ethyl)acetamide (4e). Yellow
oil (56 mg, 55%): "H NMR (400 MHz, CDCL,) 6 8.51 (br, 1H), 7.80
(s, 1H), 7.72—7.63 (m, 2H), 7.32—7.25 (m, 2H), 6.55—6.48 (m, 1H),
1.95 (s, 3H), 1.82 (d, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl,) §
170.0, 143.1, 140.2, 132.6, 123.4, 122.7, 119.6, 111.1, 56.6, 22.8, 20.2;
HRMS (TOF MS EI*) m/z caled for C;;H;;N;0 203.1059, found
203.1059.
N-(1-(1H-Benzo[d]limidazol-1-yl)ethyl)-N-ethylacetamide
(4f). White solid (87 mg, 75%): mp 135—136 °C; 'H NMR (400
MHz, CDCl;) 5 8.15 (s, 1H), 7.79 (d, ] = 5.2 Hz, 1H), 7.48 (d, ] = 3.2
Hz, 1H), 7.31-7.26 (m, 3H), 3.17—3.10 (m, 2H), 2.16 (s, 3H), 1.90
(d, J = 7.2 Hz, 3H), 0.74 (t, ] = 7.2 Hz, 3H); '*C NMR (100 MHz,
CDCl,) 6 170.6, 143.4, 139.8, 133.4, 123.6, 122.8, 120.2, 110.8, 58.8,
37.2, 21.6, 17.6, 15.3; HRMS (TOF MS EI*) m/z caled for Ci3H;,
N,0 231.1372, found 231.1371.
N-(1-(1H-Benzo[d]imidazol-1-yl)butyl)acetamide (4g). Light
yellow oil (54 mg, 47%): 'H NMR (400 MHz, CDCL;) 6 7.82 (s, 1H),
7.70—7.68 (m, 1H), 7.58—7.56 (m, 1H), 7.39 (br, 1H), 7.25—7.21 (m,
2H), 6.30 (q, ] = 8.0 Hz, 1H), 2.11-2.03 (m, 2H), 1.91 (s, 3H), 1.39—
1.26 (m, 2H), 0.90 (t, J = 7.4 Hz, 3H); 3*C NMR (100 MHz, CDCl,)
5170.0, 143.0, 140.6, 132.7, 123.4, 122.7, 119.8, 111.0, 60.0, 35.9, 22.9,
18.8, 13.3; HRMS (TOF MS EI*) m/z calced for C;3H;;N;0 231.1372,
found 231.1368.
N-((1H-Benzo[d]imidazol-1-yl)methyl)-N-butylacetamide
(4h). Light yellow oil (69 mg, 56%): '"H NMR (400 MHz, CDCl,) §
8.07 (s, 1H), 7.79 (d, ] = 8.4 Hz, 1H), 7.55 (d, ] = 7.2 Hz, 1H), 7.33—
7.28 (m, 2H), 5.73 (s, 2H), 3.22 (t, J = 7.8 Hz, 2H), 2.14 (s, 3H),
1.50—1.44 (m, 2H), 1.33—1.26 (m, 2H), 0.91 (t, ] = 7.2 Hz, 3H); *C
NMR (100 MHz, CDCL,) § 171.3, 143.5, 143.4, 133.2, 123.4, 122.4,
1202, 110.0, 52.7, 47.1, 30.5, 21.3, 19.9, 13.5; HRMS (TOF MS EI'*)
m/z caled for C,HoN;0 245.1528, found 245.1530.
N-(1-(1H-Benzo[dlimidazol-1-yl)butyl)-N-methylacetamide
(4h"). Light yellow oil (32 mg, 26%): 'H NMR (400 MHz, CDCL;) §
8.13 (s, 1H), 7.82—7.79 (m, 1H), 7.58—7.56 (m, 1H), 7.32—7.30 (m,
2H), 7.14 (t, ] = 7.6 Hz, 1H), 2.69 (s, 3H), 2.45—2.21 (m, 2H), 2.14
(s, 3H), 1.52—1.46 (m, 2H), 1.07 (t, J = 7.4 Hz, 3H); '*C NMR (100
MHz, CDCl,) § 171.1, 143.3, 140.1, 133.4, 123.5, 122.7, 120.0, 111.0,
61.9, 32.0, 28.7, 22.1, 18.5, 13.5; HRMS (TOF MS EI*) m/z calcd for
C14H N0 245.1528, found 245.1535.
N-((1H-Benzo[d]imidazol-1-yl)(phenyl)methyl)acetamide
(4i). White solid (130 mg, 98%): mp 173—175 °C; 'H NMR (400
MHz, CDCl;) 6 8.72 (br, 1H), 7.55 (d, J = 7.6 Hz, 1H), 7.44—7.40
(m, 2H), 7.26—7.10 (m, 8H), 1.93 (s, 3H); 3C NMR (100 MHz,
CDCl,;) 6 170.0, 143.3, 141.6, 135.6, 132.7, 129.2, 129.0, 126.4, 123.4,
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122.8, 119.9, 111.0, 62.2, 22.8; HRMS (TOF MS EI*) m/z calcd for
Cy6H N0 265.1215, found 265.1214.
5-(1H-Benzo[d]imidazol-1-yl)-1-methylpyrrolidin-2-one (4j).
White solid (77 mg, 72%): mp 146—147 °C; 'H NMR (400 MHg,
CDCly) 6 7.96 (s, 1H), 7.86—7.83 (m, 1H), 7.35—7.28 (m, 3H),
5.96—5.93 (m, 1H), 2.80—2.63 (m, 3H), 2.70(s, 3H), 2.37-2.29 (m,
1H); C NMR (100 MHz, CDCl;) § 173.8, 144.6, 141.1, 13L.5,
123.8, 123.0, 121.0, 109.8, 71.9, 29.1, 27.3, 25.3; HRMS (TOF MS
EI) m/z caled for C;,H;3N;0 215.1059, found 215.1056.
1-((1H-Benzo[d]imidazol-1-yl)methyl)pyrrolidin-2-one (4j’).
Light yellow oil (27 mg, 25%): '"H NMR (400 MHz, CDCl,) § 8.01
(s, 1H), 7.82—7.80 (m, 1H), 7.62—7.59 (m, 1H), 7.35—7.29 (m, 2H),
5.65 (s, 2H), 3.34 (t, ] = 7.0 Hz, 2H), 2.42 (t, ] = 8.0 Hz, 2H), 1.99
(quint, J = 7.7 Hz, 2H); *C NMR (100 MHz, CDCL;) § 175.4, 143.6,
143.0, 133.0, 123.6, 122.7, 120.3, 110.1, 51.1, 45.7, 30.3, 17.4; HRMS
(TOF MS EI') m/z caled for C;,H;3N;0 215.1059, found 215.1058.
1-((1H-Benzo[d]imidazol-1-yl)methyl)azepan-2-one (4k).
Light yellow oil (96 mg, 79%): 'H NMR (400 MHz, CDCl;) § 8.02
(s, 1H), 7.74=7.72 (m, 1H), 7.56—7.53 (m, 1H), 7.25—7.23 (m, 1H),
5.67 (s, 2H), 3.37—3.34 (m, 2H), 2.49—2.48 (m, 2H), 1.53—1.52 (m,
2H), 1.20 (s, 2H); '*C NMR (100 MHz, CDCl;) § 176.4, 143.5,
143.3, 133.0, 123.4, 122.5, 120.1, 110.5, 55.6, 48.5, 36.8, 29.4, 28.0,
22.9; HRMS (TOF MS EI') m/z caled for C,H;,N;0 243.1372,
found 243.1372.
5-(1H-Benzo[d]imidazol-1-yl)pyrrolidin-2-one (4l). White
solid (46 mg, 46%): mp 133—134 °C; 'H NMR (400 MHz,
CDCly) 6 7.87 (s, 1H), 7.74=7.72 (m, 1H), 7.30—7.20 (m, 4H),
6.02—6.00 (m, 1H), 2.72—-2.28 (m, 4H); *C NMR (100 MHz,
CDCl,) 6 177.2, 144.3, 140.3, 131.6, 123.5, 122.9, 120.6, 109.9, 66.1,
28.7,27.9; HRMS (TOF MS EI*) m/z calcd for C,;H;;N;0 201.0902,
found 201.0903.
7-(1H-Benzold]imidazol-1-yl)azepan-2-one (4m). White solid
(61 mg, 53%): mp 173—174 °C; 'H NMR (400 MHz, CDCL;) § 7.96
(s, 1H), 7.81-7.78 (m, 1H), 7.47—7.45 (m, 1H), 7.47—7.43 (m, 1H),
7.36—7.29 (m, 2H), 6.41 (s, 1H), 5.83—5.79 (m, 1H), 2.66—2.44 (m,
3H), 2.34—2.31 (m, 1H), 2.18—2.15 (m, 1H), 2.01-1.98 (m, 1H),
1.87—1.69 (m, 2H); *C NMR (100 MHz, CDCl;) § 175.3, 143.8,
1402, 132.0, 123.6, 123.0, 120.7, 110.3, 65.8, 37.1, 35.3, 27.7, 22.5;
HRMS (TOF MS EI') m/z caled for C;3H;N;O 229.1215, found
229.1213.
5-(1H-Benzo[dlimidazol-1-yl)-1-phenylpyrrolidin-2-one (4n).
White solid (127 mg, 92%): mp 163—164 °C; 'H NMR (400 MHe,
CDCly) 6 7.82 (s, 1H), 7.72=7.70 (m, 1H), 7.32—7.03 (m, 8H),
641—6.38 (m, 1H), 2.90—2.70 (m, 3H), 2.37-2.32 (m, 1H); *C
NMR (100 MHz, CDCl,) § 173.3, 144.4, 141.0, 135.7, 131.3, 129.3,
127.0, 123.7, 123.4, 122.9, 120.9, 109.9, 71.7, 29.9, 25.6; HRMS (TOF
MS EI') m/z caled for C;H;N;0 277.1215, found 277.1214.
7-(1H-Benzoldlimidazol-1-yl)-1-phenylazepan-2-one (40).
White solid (62 mg, 42%): mp 170—171 °C; 'H NMR (400 MHg,
CDCL,) 6 7.74 (d, ] = 8.0 Hz, 1H), 7.66 (s, 1H), 7.45—7.11 (m, 6H),
6.77 (d, ] = 7.2 Hz, 2H), 6.34 (d, ] = 9.2 Hz, 1H), 3.07—3.01 (m, 1H),
2.92-2.87 (m, 1H), 2.76—2.71 (m, 1H), 2.49-2.45 (m, 1H), 2.19—
1.96 (m, 4H); 3C NMR (100 MHz, CDCl;) § 173.9, 143.1, 140.5,
138.3, 132.8, 129.2, 128.3, 127.8, 123.6, 122.9, 120.6, 109.7, 70.3, 36.7,
33.0, 26.0, 22.4; HRMS (TOF MS EI*) m/z caled for C,oH;oN;O
305.1528, found 305.1527.
N-((1H-Benzol[d]imidazol-1-yl)methyl)-N-methylmethanesul-
fonamide (4p). Yellow oil (78 mg, 65%): 'H NMR (400 MHz,
CDCl,) 6 8.06 (s, 1H), 7.82 (d, ] = 7.2 Hz, 1H), 7.67 (d, ] = 7.2 Hz,
1H), 7.39—7.31 (m, 2H), 5.62 (s, 2H), 2.98 (s, 3H), 2.71 (s, 3H); 1°C
NMR (100 MHz, CDCL;) § 143.6, 143.0, 133.2, 124.0, 123.0, 120.5,
110.0, 584, 384, 34.1; HRMS (TOF MS EI') m/z calced for
Cy0H5N;0,8 239.0728, found 239.0724.
N-Methyl-N-((2-phenyl-1H-imidazol-1-yl)methyl)-
methanesulfonamide (4q). Yellow oil (90 mg, 68%): 'H NMR
(400 MHz, CDCly) § 7.53—7.51 (m, 2H), 7.47—7.44 (m, 3H), 7.2
(d, J = 1.2 Hz, 1H), 7.15 (d, ] = 1.2 Hz, 1H), 5.45 (s, 2H), 2.67 (s,
3H), 2.51 (s, 3H); *C NMR (100 MHz, CDCl;) § 148.2, 130.0,
129.4, 129.3, 129.2, 128.8, 120.5, 59.8, 38.6, 33.4; HRMS (TOF MS
EI") m/z caled for C;,H;sN;0,S 265.0885, found 265.088S.
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General Procedure for the Synthesis of Products 5. An oven-
dried Schlenk tube equipped with a magnetic stir bar was charged with
FeCl, (25 mg, 0.2 mmol) and amide 2 (20 mmol). The tube was
evacuated and refilled with N,, and this process was repeated three
times. Then di-tert-butyl peroxide (8.76 g, 60 mmol) was added. The
resulting mixture was stirred at 120 °C for 3 h. After completion of the
reaction, the resulting solution was cooled to room temperature. The
reaction mixture was then filtered, and the solvent was removed under
reduced pressure. The residue was purified by flash column
chromatography on silica gel (ethyl acetate/petroleum ether, 1:3) to
afford the corresponding product.

N-(tert-Butoxymethyl)-N-methylbenzamide (5). Light yellow
oil (2.0 g, 45%): Isolated as two rotamers of 3/1 ratio in "H NMR; 'H
NMR (400 MHz, CDCl,) 6§ 7.56 (d, J = 7.2 Hz, 2H), 7.37—7.35 (m,
3H), 4.54/5.02 (s, 2H), 3.09/2.94 (s, 3H), 1.11/1.28 (s, 3H); *C
NMR (100 MHz, CDCl) § 172.0, 171.1, 136.1, 135.5, 129.9, 129.6,
128.2, 128.0, 1274, 126.8, 74.8, 74.2, 73.0, 70.7, 3S.5, 32.8, 27.9, 27.6;
HRMS (TOF MS EI') m/z calcd for C;3H;yNO, 221.1416, found
221.1413.
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