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The Crystal Structure of Dibenzofuran

By O.DIDEBERG, L. DUPONT AND J. M. ANDRE

Laboratoire de Cristallographie, Université de Liége au Sart Tilman, B-4000, Liége, Belgium

(Received 7 July 1971)

The crystal and molecular structure of dibenzofuran C,,HgO has been determined by X-ray diffraction
techniques. The space group is Pnam with four molecules per unit cell of dimensions a=7-702+ 0-010,
b=5-825+0-006, c=19-185+0-020 A (at room temperature). Three-dimensional intensity data were
collected with a Weissenberg type diffractometer about two crystal axes. The structure was refined by
least-squares methods to a final R value of 0-073; the e.s.d.’s in bond lengths and angles not involving
hydrogen atoms are about 0-003 A and 0-13°. The anisotropic temperature factors of the C and O atoms
have been accounted for by a rigid-body treatment; on this basis, corrections to the values of the ob-
served bond distances and angles are in the ranges 0-006-0-013 A and +0-3°. The two benzene rings
are planar with angle value of 2-2° between them. A crystallographic mirror plane normal to the ¢ axis

passes through the oxygen atom.

Introduction

This work has emerged from an E.P.R. study of the
triplet state of a few organic molecules oriented in a
dibenzofuran host crystal. Another purpose is to
obtain precise experimental values of C-C and C-O
bond lengths to be compared with theoretical models.
In relation to crystal structure, we are enabled further,
to explain such physical properties as cleavage, melting
point and optical sign.

Experimental

The dibenzofuran crystals recrystallized from ethanol
are colourless transparent plates with well developed
(001) faces. The density was measured by flotation
in a ZnSO, solution. The melting point is low and the
crystals are sublimable. Crystal data are given in
Table 1. The sample mounted for X-ray analysis
(0-3 % 0-3 x 0-2 mm) was cut off a monocrystal obtained

by the Bridgman-Stockbarder method. It was sealed
in a Lindemann capillary. For the determination of the
structure, the intensities of 700 independent reflexions
belonging to layers 0—4 along b and 0-1 along a, were
measured on a Weissenberg type automatic diffrac-
tometer (Stoe), with Cu K« radiation. After correction
for Lorentz and polarization factors, the structure
factors on various layers were correlated and scaled
to a common base. Since uR~ 02, no absorption cor-
rection was applied. The agreement between values of
structure factors of equivalent reflexions F,(k) may be
used to assess the degree of internal consistency R =

(hz > |E(h)—F(h))/ hE > |Fe(A)|. This produced an R,

value of 0-041. A Wilson plot was then made to estimate
the scale factor and an overall temperature factor. The
value of B was found to be 4-95 A2 Fig. 1 gives the
distribution function of the normalized structure fac-
tors E% compared with theoretical curves for centro-
and non-centrosymmetrical cases.
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Table 1. Crystal data

08 r Dibenzofuran
Ci2HsO
o Orthorhombic
06 ) - — Pnam

- Z =4
-7 a 7-702+0-010 A
04T ; - b 5-825 +0-006
19185 + 0-020
. V =860-72 A
o2/ 7 Dn=129+0-01 g.cm-3
1-297 g.cm™3
. m.p.=86°C

02 04 06 08 10 F(000) =352

M.W. 168-18

Fig. 1. Distribution function of EZ2, 1=640 cm~! (Cu K«)
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Table 2. Observed and calculated structure factors (x 10)

Unobserved intensities are indicated by an asterisk.
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Table 3. The heavy atom parameters and their standard deviations

All the values in the table have been multiplied by 104. The temperature factor is in the form
expl— (B1142 + B22k? + B33l 2 + Brakk + Br3hl + BaskI)].

x y z Bu
(0} 2427 (3) 2351 (4) 2500% 234 (4)
C(1) 2939 (2) 3653 (4) 1927 (1) 153 (3)
C(2) 2647 (3) 3045 (5) 1244 (1) 196 (4)
C@3) 3222 (3) 4550 (5) 741 (1) 214 (4)
C4) 4034 (3) 6559 (5) 923 (1) 207 (4)
C(5) 4306 (3) 7161 (4) 1609 (1) 165 (3)
C(6) 3741 (2) 5678 (3) 2117 (1) 125 (2)

J:79) B33 B2 B13 B2
319 (7) 46 (1) —109 (9) 0* 0*
322 (7) 41 (2) 40 (7) 4 (2) 23 (4)
347 (9) 52 (1) 309 -313) —66@14)
600 (12) 35(1) 173 (11) -=323) -=51(4)
517 (10) 39 (1) 108 (11) 10 (3) 64 (4)
359 (7) 45 (1) 12 (8) -2 16 (3)
311 (7) 38 (1) 57(8) — 13(2) -19Q)

* Parameter constrained by symmetry requirements.

Determination and refinement of the structure

The position of the molecule in the unit cell was found
by analogy with carbazole C;,HgNH of which the
crystal structure has been determined by Kurahashi,
Fukuyo & Shimada (1969), crystal data and formal
configuration of carbazole and dibenzofuran being
close.

A set of structure factors calculated on this basis
produced an R(= 2, ||F,|—|F.l|/2 |F,]) value of 0-25.
The positional and isotropic parameters of all non-
hydrogen atoms were refined by least-squares with a
block diagonal approximation to the normal equation
(4 x4 blocks for x, y, z and B of each atom) using a
unitary weighting scheme and with scattering factors
obtained from Hanson, Herman, Lea & Skillman
(1964). After two cycles of refinement (R=0-17) iso-
tropic parameters of hydrogen atoms and anisotropic
thermal parameters of the other atoms were introduced;
the weighting scheme was changed to

Wt=1+[(F,|—2:5)/1-5)

so that (W4?) was constant over the whole range of
|F,| values. After some cycles of refinement, R was
reduced to 0-073. All the calculations were carried out
on an IBM 360/65 computer, using the N.R.C.
crystallographic programs written by Ahmed, Hall,
Pippy & Saunderson (1969).

Results and corrections for thermal motion

The observed and calculated structure factors are
listed in Table 2; the final parameters of O and C atoms
are given in Table 3 and of hydrogen atoms in Table 4.
The standard deviations in the coordinates of the
heavier atoms and of the hydrogen atoms are of the
order of 00025 and 0-03 A respectively; the corre-
sponding standard deviations in C-C and C-O dis-
tances are around 0.003 A and in angles 0-2°. Sho-
maker & Trueblood’s (1968) treatment of the rigid-body
motion of molecules in crystals in terms of tensors T,
L and S has been applied to dibenzofuran. These ten-
sors were refined from a least-squares treatment with
equal weights assigned to all thermal factors. The
results are given in Table 5. The agreement between

observed and calculated U,; for each atom is good, the
difference scarcely exceeding the standard deviation.
Corrections to intramolecular C-C and C-O distances
and angles for thermal motion have been derived
from the tensor L according to Johnson (1969) using
a modified version of ORFFE (Busing, Martin & Levy,
1962). Uncorrected and corrected values for all
bond distances and angles are given in Table 6.

Table 4. Parameters for the hydrogen atoms and their
standard deviations (x 10°)

x y z B
H(1) 0-208 (3) 0:162 (5) 0-114 (1) 4-8 (5)
H(2) 0-314 (3) 0-418 (5) 0-025 (2) 49 (6)
H(3) 0460 (3) 0-748 (4) 0-054 (2) 39 (6)
H(4) 0-488 (4) 0-854 (5) 0-171 (1) 3-2 (5)

Table 5. Rigid-body tensors for dibenzofuran referred

to a Cartesian coordinate system, whose origin coincides

with the oxygen position and directions with the crystallo-
graphic axis

Standard deviations are given in brackets.

T (A2) 672 (73) —146 (55) 0 (unreduced)
(x104) 490 (52) 0
. 1006 (44)
L (rad?) 52(6) —32(6) 0
(x104) 25(7) 0
120 (38)
S (A. rad) 0 0 —116 (15)
(x 104 0 0 104 (16)
206 (59) —98 (36) 0

Hi2)

Fig.2. Bond lengths and angles of dibenzofuran (values are
corrected for thermal motion).
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Table 6. Bond distances and angles in the molecule

The two values relate to uncorrected and corrected values respectively for thermal motion. No correction has been applied to
data involving hydrogen atoms.

C(1)-C(2) 1-:379 3) A 1-385 A C(2)-H(1) 0:956 (26) A
C(2)-C(3) 1:379 (4) 1-388 C(3)-H(2) 0-955 (26)
C(3)-C(4) 1-372 (4) 1-385 C(4)-H(3) 1-009 (27)
C(4)-C(5) 1-383 (3) 1-389 C(5)-H(4) 0-943 (27)
C(5)-C(6) 1:375 (3) 1-384

C(6)-C(1) 1-381 (3) 1-393

C(6)-C(6") 1-475 (3) 1-481

C(1)-0 1:396 (3) 1-404

C(1)-0—C(1") 1045 (0-2)° 104-1°

0—C(1)-C(2) 1246 (0-2) 124-3

O0—C(1)-C(6) 112-4 (0-2) 112-7

C(6)-C(1)-C(2) 1230 (0-2) 123-0

C(1)-C(2)-C(3) 117-0 (0-2) 1167

C(2)-C(3)-C(4) 120-7 (0-2) 120-9

C(3)-C(4)-C(5) 121-9 (0-2) 121-9

C(4)-C(5)~C(6) 118-0 (0-2) 117-9

C(5)-C(6)-C(1) 119-4 (0-2) 1196

C(5)-C(6)-C(6") 135:3 (0-2) 135-1

C(1)-C(6)-C(6") 1054 (0-2) 1053

C(1)-C(2)-H(1) 119-7° C(3)-C(4)-H(3) 117-9°
C(3)-C(2)-H(1) 1234 C(5)-C(4)-H(3) 1195
C(2)-C(3)-H(2) 1213 C(4)-C(5)-H(4) 119-4
C(4)-C(3)-H(2) 117:9 C(6)-C(5)-H(4) 122-5

Distances are increased by quantities (in the range
0-006-0-013 A) which are significantly greater than
standard deviations; corrections of the angle (0-0-0-3°)
are negligible. Bond angles and distances are given

Table 7. Equations of the planes, x* results and angles
between different planes

1. Benzene ring plane (1) x2=13-99
2. Benzene ring plane (2) x2=13-99
3. Furan ring plane x2= 0-48

Equations of planes
1.  0-8843x—04665y—0-0194z—-0-9398=0
2. —0-8843x+0-4665y —0-0194z +1-1267=0

3.  0-8854x—0-4648y —1:0240=0
Angles between different planes
2
1. 223 1-12
2. 112

Fig.3. The configuration of dibenzofuran molecule including
the 50 % probability thermal vibration ellipsoids of the non-
hydrogen atoms.

A C28B-2*

with the atom designations in Fig. 2. The configuration
of the molecule, including the 50 % probability thermal
vibration ellipsoids of the non-hydrogen atoms drawn
with ORTEP (Johnson, 1965), is shown in Fig. 3.

Table 8. Deviations of atoms from various planes and
Standard deviations in parentheses ( x 10%)

The least squares plane is determined by the atoms marked by
an asterisk.

1 2 3
0 —0013 (A 0013 2) A 0-001 (2)A*
(1) 0-005 (2)* 0-037 (2) —0-001 (2)*
C(2) —0-004 (2)* 0-097 (2) —0036 (2)
C(3) —0-000 (2)* 0132 (2) —0-050 (2)
C(4) 0-002 (2)* 0-115 (2) —0-037 (2)
C(5) —0-001 (2)* 0-067 (2) —0:014 (2)
C(6) —0-003 (2)* 0-032 (2) 0-000 (2)*
C(6") —0:032 (2) 0-003 (2)* 0-000 (2)*
C(5) —0:067 (2) 0-001 (2)* —0014 (2)
Cc@) —0-115 (2) —0-002 (2)* —0-037 (2)
Cc3) —0-132 (2) 0-000 (2)* —0-050 (2)
c(2) —0097 2) 0-004 (2)* —0036 (2)
c(1) —0-037 (2) —0-005 (2)* —0-001 (2)*
H1) —0-001 (23) 0-103 (23) —0-039 (23)
H(Q) 0-066 (26) 0-102 (26) —0-002 (26)
H3) 0-154 (22) —0-008 (22) 0-101 (22)
H@4) 0-013 (28) 0-046 (28) 0-005 (28)
H(4) —0-:046 (28) —0-013 (28) 0-005 (28)
H(3) 0-008 (22) —0-154 (22) 0-101 (22)
HQ) —0-102 (26) —0-066 (26) —0-002 (26)
H1) —0-103 (23) 0-001 (23) —0-039 (23)
Discussion

The individual five- and six-membered rings are strictly
planar, but the molecule as a whole shows a small, but
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significant, deviation from planarity. The dihedral
angles between the five-membered ring and the six-
membered rings are 1-12°. These small deviations from
exact planarity are very similar to those observed in
carbazole (1-0°), dibenzothiophene (0-4 and 1-2°) and
dibenzoselenophene (0-5, 1-1, 1-2 and 1-2°). The mean
values for the bond distances and valency angles in
dibenzofuran are compared with those in carbazole,
dibenzothiophene, dibenzoselenophene and biphenyl in
Table 9. The distances and angles are very similar in
those ‘molecules, except of course C-X lengths and
C-X-C angles; the angles in the five-membered rings
show larger differences. The observed C-O bond
distance (1-404 A), is significantly shorter than in the
paraffinic and saturated heterocycles (1-426 A: Sutton,
1965). C-X lengths and C-X~C angles in furan and
dibenzofuran groups are compared in Table 10. The
benzene rings decrease the conjugation effect. The
packing of the molecules in the unit cell is shown in
Fig. 4. It seems to be uniform in a and b directions, and

Table 9. 4 comparison of bond distances and angles in
compounds smilar to dibenzofuran

C-O C-HN* C-St C-Sei Biphenyl§

C(1)-C(2) 1385413954 1384 A 1-395 A 1-398
C(2)-C(3) 1-388 1390 1-384 1-371 1-387
C(3)-C(4) 1-385 1-398 1:385 1-377 1-379
C(4)-C(5) 1389 1395 1370 1-380 1:379
C(5)-C(6) 1-384 1-400 1:392 1-395 1-387
C(6)-C(6") 1-481 1-467 1441 1-453 1-497
C(1)-C(6) 1-393 1404 1409 1-398 1-398
C(1)-X 1-404 1:414 1-740 1-899
C(1)-X—C(1") 104-1° 108:3° 91-5° 866°
X—C(1)-C(6) 112-3 1088 1123 1124
C(1)-C(2)-C(3) 1167 1177 117-8 1187
C(2)-C(3)-C4) 12009 1213 121-6 121-1
C(3)-C(4)-C(5) 1219 1204 1205 120-6
C(4)-C(5)-C(6) 1179 1195 120-0 120-3
C(5)-C(6)-C(1) 1196 1188 1187 1181
C(6)-C(1)-C(2) 123-0 1223 1216 121-6
C(1)-C(6)-C(6") 105-3 107-1 1119 1143

* Kurahashi, Fukuyo & Shimada (1969).
T Schaffrin & Trotter (1970).

1 Hope, Knobler & McCullough (1970).
§ Robertson (1961).

THE CRYSTAL STRUCTURE OF DIBENZOFURAN

close contacts of 3:72-3-76 A between molecules are
found for any pair of neighbouring molecules; but
there is a large space around z=0 and z=c/2. This is
the reason why the compound grows in very thin
crystals showing excellent cleavage parallel to the (001)
plane. Fluorene, carbazole and dibenzofuran crystals
belong to the same space group and the angles between
the mean plane of the molecules and the a axis are
respectively 55-2, 61-0 and 62-3°. The positive optical
sign of dibenzofuran is explained by the crossed
packing of the molecules, as shown in Fig. 4.

Table 10. A comparison of C-X bond lengths and
C-X~C angles for the furan group and the
dibenzofuran group

C-X C-X-C
Furan* 1-362 A 106-55°
Thiophene* 1-714 92:17
Selenophene* 1-8763 87-72
Dibenzofuran 1-404 A 104-1°
Dibenzothiophenef 1:740 91-5
Dibenzoselenophenet 1-899 867

* Brown, Burden & Godfrey (1968).
1 Hope, Knobler & McCullough (1970).
t Schaffrin & Trotter (1970).

Table 11. Intermolecular distances less than 3-8 A

Contacts with hydrogen atoms are excluded.

Atom 1 Atom 2 Tr s@i) Distance
C(1) (o] 000 2 3-687 A
(1) C(5) 100 2 3-768
C(5) (1) 010 2 3-768
C(5) C(2) 010 1 3-724
C(5) C(6) 110 2 3-780
C(5) (o) 010 1 3-765
C(6) (o) 000 2 3431

* ‘T’ refers to unit translations along the crystallographic
axis. s(/) refers to the symmetry elements of the space group

s(D=xyz
sQQ)=%+x,3-y,3-2

x>
C7 x>

g
Ty

c

Fig.4. Projections of the structure along b and c axes.
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The Crystal Structures of Allitol and p-Iditol
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The crystal structures of two hexitols, allitol and p-iditol, C¢H,;40s, have been determined with Cu K«
radiation, using direct methods and the tangent formula for phase determination. The crystal data are:
for allitol, P2,/c with a=4-708 (3), 5=13-408 (8), c=6616 (4) A; f=100-1°; Z=2; D,,=1-482, D,=
1-472 g.cm~3; for p-iditol, P2, with a= 8124 (2), b=8:386 (3), c=5-870 (3) A; f=93-82°, Z=2; D,,=
1-516, D, =1-510g.cm~3. Both molecules have bent chain conformations as predicted from previousstudies
of alditol structures. That of allitol has a crystallographic center of symmetry. The bond lengths and angles
are normal, with mean values over both structures of C-C=1-523, C-O0=1422 A, C-C-C=113-3,
C-C-0=109-8°. All hydrogen bonding is intermolecular. That of allitol is normal with each hydroxy!
acting as donor and acceptor to form infinite chains. That of p-iditol is unusual for the alditol series
in that the hydrogen bonding consists of infinite chains with branched chains. This requires that one

hydroxyl is a donor only and that another is a double acceptor as well as a donor.

Introduction

These two structure determinations are part of a study
of the pentitols and hexitols which has included D, L-
arabinitol (Hunter & Rosenstein, 1968), ribitol (Kim,
Jeffrey & Rosenstein, 1969), xylitol (Kim & Jeffrey,
1969), D-mannitol (Berman, Jeffrey & Rosenstein,
1968; Kim, Jeffrey & Rosenstein, 1968) galactitol
(Berman & Rosenstein, 1968), and p-glucitol (Park,
Jeffrey & Hamilton, 1971).

All the stereoisomers, three pentitols and six hexi-
tols, have now been examined except D-altritol. Several
are reported to exist in different polymorphic modifica-
tions, of which only those of D-mannitol have been
studied in detail. Allitol occurs naturally in certain
plants. D-iditol is a synthetic product. The naturally

occurring form is the L stereoisomer which is found
with D-glucitol in mountain ash berries. No poly-
morphs have been reported for either of these hex-
itols.

From previous work it has been predicted by Jeffrey
& Kim (1970) that in the crystalline state neither allitol
nor D-iditol will have the straight-chain conformations
shown in I(4) and II(4), respectively. In allitol, the
unique bent chain centrosymmetrical conformation
I(B) was predicted, while in D-iditol, it was postulated
that the conformation II(B) would be preferred over
H(C).

The primary purpose of these structure determina-
tions was to verify these predictions and to study the
intermolecular hydrogen bonding and molecular pack-
ing.



