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The molecules of 2-benzoyl-1-benzofuran, C,;sH;,0,, (I),
interact through double C—H- - -O hydrogen bonds, forming
dimers that are further linked by C—H. - -O, C—H- - -7 and n—
7 interactions, resulting in a three-dimensional supramole-
cular network. The dihedral angle between the benzoyl and
benzofuran fragments in (I) is 46.15 (3)°. The molecules of
bis(5-bromo-1-benzofuran-2-yl) ketone, C;;HgBr,0s, (II),
exhibit C, symmetry, with the carbonyl group (C=O) lying
along the twofold rotation axis, and are linked by a
combination of C—H-.-O and C—H. -7 interactions and
Br- - -Br contacts to form sheets. The stability of the molecular
packing in 3-mesityl-3-methylcyclobutyl 3-methylnaphtho(1,2-
b]furan-2-yl ketone, C,sH,30,, (III), arises from C—H---x
and 7 stacking interactions. The fused naphthofuran moiety
in (III) is essentially planar and makes a dihedral angle of
81.61 (3)° with the mean plane of the trimethylbenzene ring.

Comment

Conventional ‘strong and directional’ hydrogen bonds, such as
O—H---O, N—H---O and O—H---N, have long been
recognized as being of fundamental importance in deter-
mining the supramolecular structure of organic solids
(Desiraju & Steiner, 1999). In molecules lacking these
hydrogen-bond donors and acceptors, other types of weak and
less directional forces, such as C—H---O, C—H- - -7 and n—7
interactions, become important in generating supramolecular
architectures (Desiraju & Steiner, 1999; Hunder & Sanders,
1990; Nishio et al., 1998; Umezawa et al., 1998; Calhorda,
2000). Since many natural benzofurans have physiological,
pharmacological and toxic properties, there is continuing
interest in their synthesis (Kappe et al, 1997). Various
benzofuran derivatives have been investigated as estrogen

receptor ligands, because selective estrogen receptor modu-
lators such as ralixofene have emerged as potential ther-
apeutics for the prevention and treatment of osteoporosis
(Sato et al, 1999; Smith et al., 2002). Amiodarone is a well
known mitocondrial toxin containing a benzofuran ring.
Amiodarone is used in the treatment and prophylaxis of both
ventricular and superventricular arrhythmias, particularly in
patients with heart insufficiency, because this compound has
no significant negative inotropic effect (Spaniol et al., 2001).
Although the synthesis of 2-benzoyl-1-benzofuran, (I), is
known (Demirayak et al., 2002), a literature search showed
that its structure has not yet been characterized. In addition to
(I), we report the molecular and supramolecular structures
of two new furan derivatives, namely bis(5-bromo-1-benzo-
furan-2-yl) ketone, (II), and 3-mesityl-3-methylcyclobutyl
3-methylnaphtho([1,2-b]furan-2-yl ketone, (III).

(11D

Views of the molecular structures of compounds (I)—(III),
including the atom-numbering schemes, are shown in Figs. 1-3.
Selected bond distances and angles are listed in Tables 1, 3 and
5. Compounds (I)—(IIT) consist mainly of a furan-2-yl moiety
connected to another fragment by a carbonyl group. The
C=0 bond distances and the C—C—C bond angles between
two fragments are similar in all three compounds. The
carbonyl group is known to coordinate to metal ions rather
easily, and the presence of the furan O atom adjacent to the
carbonyl group in (I)-(IIT) makes these compounds potential
bidentate chelating agents, as reported for lanthanum (Benassi
et al. 1987). In (I), the fused benzofuran ring is essentially

Figure 1
The molecular structure of (I), showing the atom-labeling scheme (50%
probability displacement ellipsoids).
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planar and makes a dihedral angle of 46.15 (3)° with the
planar benzoyl ring. The conformation of compound (I) is
similar to those of previously reported benzoylbenzofuran
derivatives (Benassi et al., 1987; Pei et al., 2005). The crystal
packing of (I) is governed by a set of weak intermolecular
interactions. A dimer is formed via a C2—H2A---Ol'
hydrogen bond (see Table 2 for geometry and symmetry
code), and the dimeric units are held together by a C7—
H7A.--O2" hydrogen bond (Table 2), two C—H. - .7 inter-
actions [C5—H5A- - -Cg2" =328 A and C15—H15A4. - -Cg1"™ =
2.80 A, where Cgl and Cg2 are the centroids of the C1-C6 and
C10-C15 benzene rings; symmetry codes: (iii) —x, 1 — y, —z;
(iv)1 —x,1 —y, —z] and two 7 interactions [Cgl- - -Cgl" =
3.561 (1) A and Cg2---Cg2" = 3.776 (1) A, symmetry codes:
(v) —x, —y, —z; (vi) 1 —x, 1 — y, 1 — z], resulting in a three-
dimensional supramolecular network (Fig. 4).

The molecules of (IT) contain two symmetry-related planar
bromobenzofuran rings attached to the carbonyl group
(C9=02), which is situated on the twofold rotation axis. The
dihedral angle between the planes of the two equivalent
bromobenzofuran ring moieties is 32.70 (4)°. In the packing of
(II), the molecules are linked by a combination of a C—H- - -O
hydrogen bond (Table 4) and a C—H- - -7 interaction [C2—
H2A-- ~CgViii =2.87 A Cg is the centroid of the C1-C6 ring;
symmetry code: (viii) x, 1 — y, —% + z]. Each molecule accepts

O1Viii
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Figure 2
The molecular structure of (IT), showing the atom-labeling scheme (50%
probability displacement ellipsoids). [Symmetry code: (viii)) 1 —x, y,
1
73— % ]

Figure 3
The molecular structure of (III), showing the atom-labeling scheme (50%
probability displacement ellipsoids).

two hydrogen bonds and donates two hydrogen bonds, thus
forming chains running parallel to the crystallographic b axis.
These chains are further linked by relatively short Br---Br
contacts [Br- - -Br’* = 3.499 (2) A; symmetry code: (ix) 1—x,
3 — y, —z], resulting in a two-dimensional layer a}rchitecture
(Fig. 5). The C—Br---Br angle is 146.85 (12) A, and the
Br- - -Br interactions play a crucial role in determining the
crystal packing and compete successfully with other kinds of
weak intermolecular interactions.

Compound (IIT) consists of a fused naphthofuran moiety
(02/C16-C27), a cyclobutane ring (C7/C9-C11) and a mesityl
group (C1-C6/C12-C14). The naphthofuran and mesityl ring
systems are essentially planar, and the dihedral angle between
their planes is 81.86 (3)°, differing from the values reported
for 1-(1-benzofuran-2-yl)-2-mesitylethanone [89.08 (4)°; Arici
et al, 2004] and (benzofuran-2-yl)(3-methyl-3-phenylcyclo-
butyl)methanone [73.63 (6)°; Yiiksektepe et al., 2004]. These
differences may be explained by the presence of the different
substituents in these compounds. The cyclobutane ring devi-
ates significantly from planarity, with a puckering parameter
(g2) 0f 0.3972 (4) A, and this finding is consistent with a similar
benzofuran derivative containing a cyclobutane ring
(Yiiksektepe et al, 2004). However, a nearly planar cyclo-
butane ring was also reported by Ozdemir et al. (2004). The
dihedral angles between the planes of the naphthofuran/
cyclobutane and mesityl/cyclobutane ring systems are
52.15(5) and 38.26 (8)°, respectively. In contrast to
compounds (I) and (IT), compound (IIT) does not exhibit C—
H---O hydrogen bonds, and molecules of (III) are held
together by C—H- - - and - interactions (Fig. 6). There are
three C—H- - -7 interactions between the H atoms of the

Figure 4

A packing diagram of (I). C—H- - -O interactions are indicated by double
dashed lines and C—H- - -7 interactions by single dashed lines, while 7—
interactions are shown as double thin lines. O atoms are shown with
octant shading.
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Figure 5

A packing diagram of (II). C—H---O interactions are represented as
double dashed lines and Br- - -Br contacts are indicated by single dashed
lines. O atoms are shown with octant shading.

Figure 6

A packing diagram of (IIT), viewed along the crystallographic b axis. C—
H- . .7 interactions are indicated by double dashed lines, while m—m
interactions are shown as double thin lines. O atoms are shown with
octant shading.

methyl groups and the benzene rings [C13—H13A---Cgl* =
320 A, Cl4—H14B---Cgl® = 273 A and C28—H28A- - -
Cg2 = 2.87 A, where Cgl and Cg2 are the centroids of the
C1-C6 and C21-C26 rings, respectively; symmetry codes: (x)
—x,3+y, = z;(xi) 1 —x, =%+ y,3 — z]. In (I1I), the packing of
the molecules is additionally reinforced by a m—m stacking
interaction between adjacent naphthalene rings, with a
Cgl---Cgl'™ distance of 3.695 (1) A.

Experimental

For the preparation of (I), a mixture of salicylaldehyde (12.21 g,
0.1 mol) and potassium carbonate (20.70 g, 0.15 mol) was stirred in
dry acetone (250 ml) at room temperature for 2 h. A solution of
phenacyl bromide (19.90 g, 0.1 mol) in dry acetone (20 ml) was added
to this mixture. The resulting solution was poured into water (250 ml)
and reprecipitated twice from water. Suitable crystals of (I) were
obtained by recrystallizing the precipitate from acetone (yield
19.60 g, 89.1%). For the preparation of (II), a mixture of 5-bromo-2-
hydroxybenzaldehyde (20.10 g, 0.1 mol) and potassium carbonate

(20.70 g, 0.15 mol) was stirred in dry acetone (250 ml) at room
temperature for 2h. A solution of 1,3-dichloroacetone (6.35 g,
0.05 mol) in dry acetone (20 ml) was added and this mixture was
poured into water (250 ml). The separated solid was filtered off,
washed with water and recrystallized from tetrahydrofuran to give
(IT) (yield 33.8 g, 80.5%). For the preparation of (III), hydroxy-
naphthophenone (1.86 g, 10 mmol), potassium carbonate (2.07 g,
15 mmol) and dry tetrahydrofuran (100 ml) were placed in a 500 ml
two-necked flask fitted with a reflux condenser, and the mixture was
stirred for 1h at room temperature. To this solution, a solution
of 3-(2-chloro-1-oxoethyl)-1-mesityl-1-methylcyclobutane (2.64 g,
10 mmol) in acetonitrile (100 ml) was added dropwise over a period
of about 30 min and the mixture was subsequently refluxed for 4 h.
The progress of the reaction was monitored by IR spectroscopy. The
mixture was allowed to cool to room temperature, and was then
poured into water (500 ml) and reprecipitated twice from water. The
solid was filtered off and recrystallized from tetrahydrofuran to
obtain crystals of (III) (yield 2.85 g, 71.96%).

Compound (1)

Crystal data

CysH; O,

M, =22223
Triclinic, PT
a=6.1028 (5) A

zZ=2

D, =1402 Mg m >

Mo Ko radiation

Cell parameters from 36

b =8.8010 (4) A reflections
¢ =10.1195 (6) A 6 = 6.0-20.0°
a = 97.700 (4)° u=0.09 mm™
B = 93.710 (6)° T=100(2) K

y = 101.073 (6)°
V =52631 (6) A®

Prism, colorless
0.34 x 0.31 x 0.28 mm

Data collection

Bruker—Nonius KappaCCD R;, = 0.070
diffractometer Omax = 27.9°

¢ and w scans h=-8—>38

17534 measured reflections k=-11—-11

2498 independent reflections [=-13 > 13

2049 reflections with I > 20(1)

Refinement

Refinement on F?

R[F? > 20(F?%)] = 0.040

wR(F?) = 0.098

S =1.06

2498 reflections

154 parameters

H-atom parameters constrained

w = 1/[o*(F2) + (0.0496P)*
+0.1374P]
where P = (F2 + 2F2)/3
(A/0)max = 0.001
ApPpax = 023 ¢ A3
Apmin = =030 e A3

Table 1 .

Selected geometric parameters (A, °) for (I).

02—-C9 1.2257 (14) C9—-C10 1.4932 (16)
C8—C9 1.4678 (17)

C8—C9—C10 118.74 (10)

Table 2 .

Hydrogen-bond geometry (A, °) for (1).

D-H--A D—H H--A D---A D-H--A
C2—H2A-- -Olf_ 0.95 2.57 3.4182 (14) 149
C7—HTA---02" 0.95 2.55 3.1449 (14) 121

Symmetry codes: (i) —x + 1, —y, —z; (ii)) x — 1, y, z.
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Compound (Il)

Crystal data

C,7HgBr,03

M, = 420.05
Monoclinic, C2/c
a=29.644 (2) A
b =62536 (5) A
c=78188 (8) A
B =105.091 (6)°
V =1399.5 (2) A®
Z=4

Data collection

Bruker—Nonius KappaCCD
diffractometer

¢ and w scans

Absorption correction: multi-scan
(SADABS; Bruker, 2002)
Tmin = 0.262, Tax = 0.398

19777 measured reflections

Refinement

Refinement on F?

R[F? > 20(F?)] = 0.019

WR(F?) = 0.043

S =1.08

1814 reflections

101 parameters

H-atom parameters constrained

D, =1.994 Mg m™>

Mo Ko radiation

Cell parameters from 89
reflections

0 = 6.0-20.0°

©n =580 mm-

T=100 (2) K

Irregular, colorless

0.25 x 0.24 x 0.16 mm

1

1814 independent reflections
1604 reflections with 7 > 20(I)
Rin = 0.046

Omax = 28.7°
h =—-40 — 40
k=-8—28
[=-10— 10

w = 1/[o*(F2) + (0.0084P)*
+ 2.8382P]
where P = (F2 + 2F2)/3
(Al0)max = 0.001
Apmax =043 ¢ A7
ApPmin = —032 e A7

Table 3 .

Selected geometric parameters (A, °) for (II).

Brl—C4 1.9010 (16) C8—C9 1473 (2)
02—C9 1223 (3)

02—C9—C8 120.81 (10) c8i_C9—C8 118.4 (2)
Symmetry code: (vii) —x +1,y, —z + 1.

Table 4 .

Hydrogen-bond geometry (A, °) for (II).

D—H---A D—H H---A DA D—H---A
C7—HT7A---02* 0.95 2.56 3.429 (2) 151

Symmetry code: (xii) x,y + 1, z.

Compound (I11)

Crystal data

CysH,50,

M, = 396.50
Monoclinic, P2,/c
a=73816 (3) A

b =82874 (6) A
c=34591(2) A

B = 95487 (5)°
V =2106.4 (2) A®
Z=4

Data collection

Bruker—Nonius KappaCCD
diffractometer

¢ and w scans

Absorption correction: multi-scan
(SADABS; Bruker, 2002)
T min = 0.970, Tyax = 0.988

20365 measured reflections

D, =1250 Mg m™

Mo Ko radiation

Cell parameters from 134
reflections

6 = 6.0-20.0°

©n=0.08 mm~

T=100(2) K

Block, colorless

0.34 x 0.25 x 0.16 mm

1

4182 independent reflections
3360 reflections with 7 > 20(1)
Rin = 0.032

Oumax = 26.4°
h=-9->9

k=-10 — 10
I=—43 - 43

Refinement

w = 1/[c*(F2) + (0.0429P)*
+1.2434P]
where P = (F% + 2F2)/3
(A/0)max = 0.004
APmax = 026 ¢ A7
ApPmin = =025 ¢ A3

Refinement on F?

R[F? > 20(F?%)] = 0.044

wR(F?) = 0.106

§=1.03

4182 reflections

276 parameters

H-atom parameters constrained

Table 5 .

Selected interatomic distances (A) for (III).

01-Cl5 12237 (19) C15—Cl6 1473 2)
Cl1—Cl15 1.505 (2)

All H atoms were refined using a riding model, with C—H
distances of 0.95-1.00 A and Usso(H) values of 1.2U.4(C).

For all compounds, data collection: COLLECT (Bruker, 2002);
cell refinement: EVALCCD (Duisenberg et al., 2003); data reduction:
EVALCCD; program(s) used to solve structure: SHELXTL (Bruker,
2002); program(s) used to refine structure: SHELXTL; molecular
graphics: SHELXTL; software used to prepare material for publi-
cation: SHELXTL.

The authors thank Ondokuz Mayis and Firat Universities
for the financial support given to the study.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: SQI1211). Services for accessing these data are
described at the back of the journal.
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