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A one-pot transition-metal-free, base-mediated synthesis of dibenzo[b,floxepins was developed. The reaction of 2-halobenzaldehydes with
(2-hydroxyphenyl)acetonitriles proceeds via a sequential aldol condensation and intramolecular ether formation reaction in the presence of

Cs,CO; and molecular sieves in toluene.

Dibenzo[b,floxepin is an important motif in natural and
medicinal compounds (Figure 1). Recently, pacharin (1)
and bauhiniastatins 1—4 (2) were isolated from the plant
Bauhinia purpurea, and these compounds were shown to
significantly inhibit cancer cell growth.! These compounds
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are similar to the natural products bauhinoxepin B (3)*and
artocarpol A (4),> which have been shown to exhibit anti-
mycobacterial and anti-inflammatory activities, respectively.
Notably, molecules containing the dibenzo[b,floxepin
moiety have received considerable interest from the medici-
nal community due to these compounds’ potent biological
properties, such as antipsychotic,* antidepressant,’ anti-
hypertensive,® antiestrogenic,” anti-inflammatory,® and
insecticidal activities.” For example, compound 5 is a
nonpeptide angiotensin II receptor antagonist that can reg-
ulate blood pressure and electrolyte homeostasis.® CGP 3466
(6) exhibits strong neuroprotective activity as the result of its
ability to prevent neuronal apoptosis in the adult brain.'
Synthetic methodologies for the construction of a
dibenzo[b,floxepin scaffold have been focused primar-
ily on the combination of Ullmann coupling and the
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Figure 1. Dibenzo[b.floxepins in natural and medicinal
compounds.

Friedel—Crafts reaction.*®>*!! For example, Paduraru
and Wilson published a synthesis of artocarpol A and D
analogs following this strategy.'” In addition, the nucleo-
philic aromatic substitution reaction (SyAr) has been widely
used for the formation of biaryl ethers.*'*!* Simultaneously,
the ring expansion route from xanthenes has been reported,
employing Wagner—Meerwein rearrangement'* or Mn-
(III)-based oxidative radical rearrangement.'®> Guy et al. des-
cribed the synthesis of dibenzo[,f]oxepin based on a sequen-
tial Heck reaction and Pd-catalyzed etheration.'® However,
these strategies typically require lengthy reaction steps, yield
products with low regioselectivities, and are compatible with
few functional groups. As part of a research program to
develop a one-pot metal-catalyzed reaction/aldol condensa-
tion reaction,'” we sought to develop an efficient synthesis of
dibenzo[b,floxepin via a one-pot Cu-catalyzed aryl ether
formation/aldol condensation reaction. Serendipitously, we
observed that the formation of dibenzo[b,f]oxepin occurred
even in the absence of a copper catalyst. Herein, we report the

transition-metal-free synthesis of dibenzo[b,floxepin from
2-halobenzaldehyde and (2-hydroxyphenyl)acetonitrile.'®

At the outset, we envisioned two possible routes for the
one-pot synthesis of dibenzo[b.floxepin in which the cou-
pling partners, aryl halides and phenols, are switched, as
illustrated in Table 1.

Table 1. One-Pot Synthesis of Dibenzo[b,floxepin®

CHO
OH 11
-— +
CN X
CN
10a

P
@”

12
entry X (7o0r12) pathway temp (°C) yield (%)°
1 F (7a) A 130 98
2 Cl(7b) A 130 96
3 Br (7¢) A 130 95
4 1(7d) A 130 93
5 F (12a) B 150 59
6 Cl (12b) B 150 49
7 Br (12¢) B 150 46
8 I1(12d) B 150 21

“Reaction conditions: (Pathway A) halobenzaldehyde 7 (0.36 mmol,
1.2 equiv), phenylacetonitrile 8a (0.3 mmol), Cs,CO5 (0.6 mmol), pyridine
(3 mL), 4 h; (Pathway B) benzaldehyde 11 (0.36 mmol, 1.2 equiv), phenyl-
acetonitrile 12 (0.3 mmol), Cs,CO3 (0.9 mmol), pyridine (3mL), 4 h. b Isolated
yield.

Table 2. Isomerization of the Nitrile Group”

Br Cs,CO3
8a——
pyridine X +X
X CHO  430°C,4h
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7e, X =Br 10b, X = Br (44%) 13b, x Br (40%)
", x=Cl 10c, X = Clr((42%) 13¢, X = Clr((41%)
time yield ratio of
entry solvent additive (h) (%)° 10¢/13¢°
1 pyridine — . 4 83 1:1
2 pyridine  MS (4 A) 4 ND¢ 1:0.2
3 toluene — . 4 88 1:0.2
4 toluene MS (4 1}) 4 72 1:0
5 toluene MS (4 A) 24 93 1:0

“Reaction conditions: halobenzaldehyde 7f (0.36 mmol, 1.2 equiv),
phenylacetonitrile 8a (0.3 mmol), Cs;COj3 (0.6 mmol), MS (4 A, 300 mg),
solvents (3 mL). ®Isolated yield. ¢ 'H NMR ratio of 10¢ and 13¢. Not
determined.
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Table 3. Scope of the One-Pot Synthesis of Dibenzo[b,floxepin?
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“Reaction conditions: halobenzaldehyde 7 (0.72 mmol, 1.2 equiv), phenylacetonitrile 8 (0.6 mmol), Cs,COj3 (1.2 mmol, 2.0 equiv), molecular sieves
(4 A, 300 mg), toluene (3 mL), 130 °C, 24 h. ®Isolated yield. ¢ Reaction temperature of 150 °C. ¥ Reaction time of 48 h.

Based on the electronic properties of the substrates, we
thought that pathway A would be favored, primarily due
to both the higher nucleophilicity of phenol 8a and the
increased electrophilicity of halobenzaldehydes 7. After
screening numerous reaction conditions for pathway A
using 2-bromobenzaldehyde (7¢), we found that Cs,COj3 in
pyridine at 130 °C gave the best result (Table 1, entry 3).
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N.; Ishikawa, E. E.; Silva, L. F., Jr.; Olofsson, B. Org. Lett. 2011, 13,
1552-1555. (¢) Li, F.; Wang, Q.; Ding, Z.; Tao, F. Org. Lett. 2003, 5,
2169-2171. (d) Liu, Z.; Larock, R. C. Org. Lett. 2004, 6, 99-102. For
C—N bond formation, see: (¢) Thomé, I.; Bolm, C. Org. Lett. 2012, 14,
1892-1895. (f) Shi, L.; Wang, M.; Fan, C.-A.; Zhang, F.-M.; Tu, Y.-Q.
Org. Lett. 2003, 5, 3515-3517. (g) Beller, M.; Breindl, C.; Riermeier,
T. H.; Tillack, A. J. Org. Chem. 2001, 66, 1403—-1412. (h) Cano, R.;
Ramon, D. J.; Yus, M. J. Org. Chem. 2011, 76, 654—660.
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Other halo-substituents (7a—b, d) for the ether formation
gave similar results, producing 10a with excellent yields
(entries 1, 2, and 4). Surprisingly, aldol condensation was
faster than aryl ether formation, a result that was con-
firmed by the isolation of intermediate 9 under mild reaction
conditions. As expected, pathway B was less effective and
provided less of the desired product, 10a, with yields in the
range of 21% to 59% (Table 1, entries 5—8), even at a higher
reaction temperature of 150 °C. A comparison of the reac-
tion yields from halo-substituted benzaldehydes 12a—d indi-
cated a significant halogen dependence in the following
order: F > Cl ~ Br > I. We believe that this observation
supports the hypothesis that the aryl ether formation pro-
ceeds via the SyAr mechanism. '

While exploring the substrate scope, we found that
the reaction of 2,5-dibromobenzaldehyde (7e) with 8a

Org. Lett, Vol. 14, No. 19, 2012



provided a ~1:1 mixture of the cyclized products 10b and
13b due to the concomitant isomerization of the nitrile
group, as depicted in Table 2.%°

The structure of 10b was clearly elucidated by X-ray
crystallography. When using 7f with a 5-chloro substitu-
ent, nitrile migration also occurred to give a mixture of 10¢
and 13¢?! in a similar ratio (Table 2, entry 1). We first
thought that the nitrile migration would be caused by H,O
formed during the aldol condensation. Consequently, the
reaction of 7f with 8a in the presence of molecular sieves
resulted in the suppression of the nitrile migration, yielding
products in a 1:0.2 ratio (entry 2). When the solvent was
changed to toluene, the migration still occurred but at a
reduced ratio (entry 3). Finally, we were pleased to find
that the use of molecular sieves in toluene could completely
prevent this migration, although the reaction was slower
(entries 4—5).

To further extend the scope, the optimized protocol was
employed to obtain various dibenzo[b.floxepins from a
broad range of substituted 2-bromo- and 2-chlorobenzal-
dehydes and (2-hydroxyphenyl)acetonitriles. A variety of
both electron-withdrawing and -donating substituents
were well tolerated, and the results are summarized in
Table 3. When highly electron-rich dimethoxy and dioxalyl
groups were used, an elevated reaction temperature was
needed for complete conversion (entries 7—8 and 14). It is
noteworthy that sterically hindered o-methyl and o-methoxy
groups could be added with excellent yields, although a
longer reaction time at a higher temperature was required
for these reactions (entries 12—14 and 15—17). Notably,
the use of aryl bromides or chlorides such as 7 is important
because most of these compounds are commercially avail-
able at low cost or can be easily prepared.

(19) For reviews of SNyAr ether formation: (a) Bunnett, J. F.; Zahler,
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69, 1-32. (c) Sawyer, J. S. Tetrahedron 2000, 56, 5045-5065.

(20) Isomerization of nitrile: (a) Ayub, K.; Zhang, R.; Robinson,
S. G.; Twamley, B.; Williams, R. V.; Mitchell, R. H. J. Org. Chem. 2008,
73,451-456. (b) Feng, L; Kumar, D.; Kerwin, S. M. J. Org. Chem. 2003,
68, 2234-2242.
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Med. Chem. 2011, 19, 6768—6778.
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2010, 5, 65-78.
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32, 1757-1763.
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(26) According to the procedure reported by Kiyama and co-workers
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2-chloro-5-nitrobenzaldehyde in 12 steps with a 12.8% overall yield.
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With a highly efficient protocol in hand, our attention
turned to the formal synthesis of the angiotensin II
antagonist 5 on a gram scale (Scheme 1).°

Scheme 1. Synthesis of the Key Intermediate 17 of Compound 5
1) PBrs, pyridine

OH O 1) Mel, K,COs OMe 1) PBrs, pyrdine
OH acetone, reflux, 18 h OH 0, s
2) LiAlH, 2) NaCN, TBAB
Me’ Me CH,Cl,/H,0 (1:1)

THF, 0 °C, 10 min
14 98% 15 25°C,5h g79,

OMe OH Tc
NaCN Cs,CO;

CN DMSO CN MS, toluene

Me' 180°C,5h  Me 130°C, 48 h
16 79% 8c 84%

Me
O 0 O see ref 6
. 5
CN

17

The requisite starting phenylacetonitrile 8¢ was easily
prepared using straightforward methodologies from ben-
zoic acid 14. The methylation of 14 followed by the
reduction of the corresponding methyl ester provided
benzyl alcohol 15 with an excellent yield.>*?* The sequen-
tial bromination—cyanization of 15 produced (2-methoxy-
phenyl)acetonitrile 16 with a 87% yield.** The demethyla-
tion of 16 with NaCN provided phenol 8¢,*®> which was
subjected to the optimized one-pot base-mediated cycliza-
tion to furnish dibenzo[b,floxepin 17 with a good yield.
Thus, the key intermediate 17 was prepared in six steps
with a 56.6% overall yield.?®

In summary, we developed a one-pot transition-metal-
free, base-mediated synthesis of dibenzo[b,floxepins from
substituted 2-halobenzaldehydes and (2-hydroxyphenyl)-
acetonitriles. Importantly, this protocol is applicable to a
wide range of 2-bromo- and 2-chloro-substituted benzal-
dehydes. Additionally, we demonstrated the synthesis of
the key intermediate 17 on a gram scale. Further applica-
tions of this method for the synthesis of medicinally useful
compounds are currently being investigated.
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