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A practical iron-catalyzed intramolecular O-arylation reaction and its application in the synthesis of benzoxazole derivatives, starting from the
readily available 2-haloanilines, is presented. The key cyclization step involves the use of a combination of the cheap and environmentally
friendly FeCl; and 2,2,6,6-tetramethyl-3,5 heptanedione (TMHD) as the catalyst system.

Benzoxazoles are privileged organic compounds of medicinal
significance due to their recognized biological and therapeutic
activities." As such, these heterocycles constitute key struc-
tural motifs in a wide range of natural products and are thus
appealing targets in drug synthesis.? Commonly, the prepara-
tion of 2-substituted benzoxazoles starts from ortho-ami-
nophenols, and often it implies the use of either highly toxic
reagents or harsh reaction conditions such as those involving

strong acids in combination with high temperatures.®> Some
of these drawbacks have recently been overcome by the
development of novel and more sustainable processes, which
allow the efficient assembly of the target heterocycles under
comparatively milder reaction conditions.* Among those
protocols, copper-catalyzed intramolecular O-arylations of
ortho-haloanilides represent an elegant and straightforward
means for the preparation of the benzoxazole ring system.’
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Despite the recent findings of various iron-catalyzed orga-
nic transformations,® the challenging field of carbon—hetero-
atom bond formations has remained largely undeveloped.’
Along these lines, we have recently reported novel and
practical C—N, C—0, and C—S cross-couplings of aryl
halides with nitrogen,® oxygen,’ and sulfur nucleophiles,'®
respectively, utilizing catalyst systems comprised of FeCl;
in combination with appropriately chosen ligands. More
specifically, N- and S-arylations efficiently proceeded in the
presence of catalytic amounts of FeCl; and N,N'-dimethyl-
ethylendiamine (DMEDA), whereas O-arylations required
the use of a combination of FeCls and 2,2,6,6-tetramethyl-
3,5-heptanedione (TMHD). In connection with these en-
couraging results, we report herein an iron-catalyzed in-
tramolecular O-arylation reaction, which yields synthetically
valuable 2-substituted benzoxazoles.

N-(2-Bromophenyl)benzamide (1a), which can easily be
synthesized by benzoylation of commercially available
2-bromoaniline, was selected as a model substrate for the
optimization of the reaction conditions. Taking into account
the observations made in the intermolecular O-arylations,’
a reagent combination of FeCl;, TMHD, Cs,COs;, and DMF
was tested (Table 1, entry 1). To our delight, benzamide 1a
cyclized smoothly at 135 °C to give benzoxazole 2a in 98%
yield. Noteworthy was the fact that in this case the bromo
derivative reacted so well, whereas the intermolecular
coupling processes required the use of the more reactive
iodoarenes. There, bromo derivatives reacted slowly, needing
prolonged reaction times to ensure acceptable yields.” A
reaction performed in the absence of FeCls/TMHD afforded
2a in only 42% yield, suggesting that in the initial experiment
both an iron-catalyzed cyclization as well as a nucleophilic
substitution led to the high yield of 2a. Consequently, the
subsequent reactions were carried out at lower temperatures
to minimize the annulation via aromatic substitution.'" Thus,
at 120 °C benzoxazole 2a was obtained in 88% yield, and
the blank experiment (without the iron catalyst) confirmed
that those results corresponded predominantly to the iron-
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Table 1. Iron-Catalyzed O-Arylations of Amide 1a“

~ 5o _ FeCly, TMHD 0
| J_ J__base, solvent, N/>—Pr

H Ph  temp,20h
la 22
entry base solvent temp (°C) 2a® (%)
1 Cs2C03 DMF 135 98 (42)
2 Cs2CO3 DMF 120 88 (traces)
3 Cs2CO0g3 DMF 110 66 (0)
4 Cs2C03 DMF 80 22 (0)
5 Cs2CO3 DMF 60 0(0)
6 K3POy DMF 120 56
7 K2COs3 DMF 120 54
8 NaOt¢-Bu DMF 120 13
9 none DMF 120 0
10 Cs2CO3 dioxane 120 72
11 Cs2CO3 DME 120 40
12 Cs2CO3 toluene 120 0
13 Cs2C03 CH3;CN 120 65

“ Reaction conditions: 1a (1 equiv), FeCl3 (0.1 equiv), TMHD (0.2
equiv), base (2.0 equiv), solvent (1 mL/mmol of 1a), 20 h. ? Yield of product
after chromatography; in parentheses, results from experiments performed
in the absence of FeCl;/TMHD.

catalyzed arylation reaction (Table 1, entry 2). At lower
temperatures, the yield of 2a significantly dropped (entries
3-5).

Another set of experiments revealed the crucial role of
the base and the solvent. Thus, use of Cs,CO; led to the
best results, and other bases such as K;PO4, K>,CO3 and
NaOt¢-Bu (Table 1, entries 6—8) furnished the target
benzoxazole 2a in lower yields. In the absence of the base
no product was obtained (entry 9). Also the use of solvents
other than DMF resulted in lower yields of 2a (entries
10—13).

Table 2. Influence of the Nature of the Catalyst in the
Intramolecular Cyclization of 1a to give Benzoxazole 2a“

entry iron source ligand 2a (%)°
1 FeCls TMHD 88
2 none TMHD 0
3 FeCls none 0
4 FeCls DMEDA 25
5 FeCls N,N'-dimethylglycine 77
6 Fey03 TMHD 75
7 FeCls-6H20 TMHD 85
8 FeBr, TMHD 80
9 Fe(OAc) TMHD 86
10 Fe(ClO4)2 TMHD 75

“Reaction conditions: 1a (1 equiv), [Fe] (0.10 equiv), ligand (0.20
equiv), Cs,CO; (2.0 equiv), DMF (1 mL/mmol of 1a), 120 °C, 20 h. ” Yield
of isolated product after chromatography.

Next, the effect of the catalyst composition on the
benzoxazole formation with Cs,COs; in DMF at 120 °C
was studied (Table 2). Reactions performed in the absence
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Table 3. Iron-Catalyzed Synthesis of Benzoxazole Derivatives

20
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“1 (1 equiv), FeCl3 (0.10 equiv), TMHD (0.20 equiv), Cs,CO3 (2.0
equiv), DMF (1 mL/mmol of 1), 20 h. ” Yield of isolated product after
chromatography. ¢ Reaction time: 72 h.

of either FeCls or the ligand confirmed that the presence
of both was required for amide cyclization (entries 2 and
3). The combination of the iron salt with TMHD proved
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superior to those involving FeCl; together with DMEDA
or N,N'-dimethylglycine (entries 1 vs 4, and 5). Further-
more, the process proved compatible with the use of other
iron(IIl) sources such as Fe,O3 and FeCl;*6H,0O (entries
6 and 7). Iron in the oxidation state +2 was also applicable
as shown by the successful use of FeBr,, Fe(OAc), and
Fe(Cl0y), (entries 8—10). In all cases benzoxazole 2a was
obtained in good to high yields. Balancing all results it
was concluded that the optimal conditions for the in-
tramolecular O-arylation involved the use of FeCls,
TMHD, and Cs,CO3 in DMF at 120 °C.

Finally, the scope of the iron-catalyzed intramolecular
O-arylation was explored. As summarized in Table 3,
several ortho-halobenzamides provided the corresponding
2-substituted benzoxazole derivatives in good to excellent
yields. Also the iodo analogue of 1la cyclized well
affording benzoxazole 2a in high yield (entry 2). Con-
versely, the chloro derivative proved unreactive under
those conditions (entry 3). The nature of the substituent
R? directly linked to the carbonyl moiety was of major
importance. Thus, various substrates bearing differently
substituted aromatic motifs at that position were converted
to the desired benzoxazoles 2 in satisfactory to high yields
(entries 1—13). In contrast, halobenzamides with aliphatic
or vinylic substituents R? did not cyclize at all (entries
14—16). Steric hindrance hampered the reaction and hence
benzoxazoles 2f and 2g were obtained in comparatively
lower yields, despite performing the cyclization for longer
reaction times or using the iodo-arene as electrophilic
coupling partner. Aromatic amides bearing additional
substituents (R') on the bromoarene portion of the
molecule furnished the corresponding benzoxazoles in
good yields (entry 12 and 13).

In summary, we have developed an efficient iron-catalyzed
intramolecular O-arylation, which represents a practical and
straightforward approach toward 2-aryl substituted benzox-
azole derivatives. The key cyclization step involves the use
of cheap, easy-to-handle and environmentally benign FeCl;
in combination with TMHD. The use of a simple iron salt
as catalyst renders the protocol suitable for large-scale
synthesis, providing a valuable synthetic tool for industrial
applications.
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