1973

1929

Crystal and Molecular Structure of 6,7-Diphenyldibenzo[e,g][1.4]1di-
azocine, a Heterocyclic Cyclo-octatetraene !

By Cary J. Finder, M. Gary Newton, and Norman L. Allinger, Department of Chemistry, University of

Georgia, Athens, Georgia 30602, U.S.A.

The crystal and molecular structure of the title compound has been determined by direct methods from 1681 non-
zero reflections measured diffractometrically. Crystals are orthorhombic, space group Pbcn, with a = 14-798(2),
b =10-355(1), and ¢ = 11-992(2) A, Z = 4 and the molecule occupies the two-fold axis of the space group.
Least-squares refinement gave a final R of 0-037. Bond lengths for C-N of 1-424(2) and 1-274(2) A were
determined for bonds of nearly single- and double-bond character.

THE resolution of the 3,10-dicarboxylic acid derivative of
the title compound by Bell 2 in 1952 proved that the
molecule must exist in the tub conformation accepted for
cyclo-octatetraene (COT). The tub form has been
previously shown to exist by X-ray diffraction and
electron diffraction of COT and some of its methyl
derivatives.® In 1963 an attempt was made 4 to racemize
Bell’'s compound thermally. Thermal elimination to
benzonitrile and 9-phenylphenanthridine-2,7-dicarbox-
ylic acid thwarted the attempted racemization but set a
minimum activation energy for racemization at >48
kcal mol-1.

6,7-Diphenyldibenzo[e,g][1,4]diazocine (I) contains
Cyp~Nype linkages which are formally single and double

1 Presented at the Amer. Cryst. Assn. Meeting, Gainesville,
Florida, January, 1973, Paper E10.

2 F. Bell, J. Chem. Soc., 1952, 1527.

3 G. Avitabile, P. Ganis, and V. Petraccone, J. Phys. Chem.,

1969, 78, 2378; J. Bordner, R. G. Parker, and R. H. Stanford,
jun., Acta Cryst., 1972, B28, 1069.

bonds, and which should differ significantly in length
from the C-N bond in pyridine. There is a paucity of
data on the bond lengths of these types of bonds. Burgi

Ph

(Im)

and Dunitz 5 reported the solution of the structure of
benzylideneaniline (II), but experimental difficulties (vide
infra) prevented a precise structure determination.

¢ N. L. Allinger, W. Szkrybalo, and M. A. DaRooge, J. Org.
Chem., 1963, 28, 3007.

5 H. B. Burgi and J. D. Dunitz, Helv. Chem. Acta, 1970, 53,
1747.
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Meunier-Piret ef al.% reported the structure of 4’-methoxy-
4-nitro-N-benzylideneaniline but they also encountered
difficulties. We required accurate data on such bonds
for parameterization of some molecular mechanics work
on nitrogen heterocycles, which we have already carried
out on other classes of compounds.? We therefore
decided to undertake an X-ray structure determination
of (I).

EXPERIMENTAL

Compound (1) was recrystallized from acetic acid. A
suitable needle crystal was cut along the needle axis to
0-2 X 0-3 X 0-6 mm and mounted along the long (¢) axis
of the needle. Initial crystal data were obtained on a
precession camera, and initial cell-dimensions were cal-
culated. The molecule is required to occupy the two-fold
axis of the space group.

Crystal Data.~—~—CyH N, M = 35844, Orthorhombic,
a = 14-798(2), b = 10-355(1), ¢ = 11-992(2) A, U = 18366
A3, D, = 1-289 (by flotation in cyclohexane-carbon tetra-
chloride), Z = 4, D, = 1:295, F(000) = 992. Space group,
Pben, from systematic absences.® Cu-Kj radiation (for
intensity measurement), A = 1-5418 A; p(Cu-Kz) = 5-98
cmL

Structure Deteymination.—Data were collected on an
Enraf-Nonius CAD 4 diffractometer by use of the v—26
scan with CuKj radiation and a graphite monochrometer.
Least-squares refinement of 15 accurately centered reflec-
tions gave the cell dimensions. A total of 3633 points in two
equivalent octants were collected with sin /A < 0-619 out
of a possible 4250 for a quadrant.® Data were corrected for
Lorentz and polarization effects but not for absorption.1?
After elimination of all points with I < 2¢ * above back-
ground and averaging equicalent points,1®{ 1581 unique
non-zero reflections were available for use in the analysis.
Examination of a series of three standard reflections, taken
after every 5lst reflection, indicated that no significant
decomposition of the crystal had occurred during data
collection.

Solution and Refinement of Structure.—The data were
placed on an absolute scale 2 and E values obtained by use
of FAME.2® An attempt to phase E values > 1-5 by use of
MAGIC, LINK, and SYMPL failed because a complete
origin-set could not be determined. The 194 points with
E > 1-50 were used as input to MULTAN.* One of the
sets of phases produced by MULTAN had all 194 points
phased with weights >95%, and had an absolute figure of
merit >1-40. 'When these phased data were used to generate

* o(Fpu) is obtained from counting statistics !* and is computed
by:  o(Fu) = {(at + VI + 4(B, + By) + («I.)¥s[I — 2(B, +
B;)]}/24/Lp, where I = total measured peak intensity + back-
grounds, B; = left background, B; = right background,
Iy = {(at + 1)/s}] — 2(By + B,), s = scan speed, ! = attenua-
tion filter (¢ = 1 if filter used, ¢ = 0 if no filter), @ = attenuation
filter factor (23-5), x = standard deviation for instrumental
instability (determined {rom control reflections), and Lp =
Lorentz-polarization correction.

t The structure was initially solved by using only one of the
equivalent points with the better sigma giving R 5-79,. Later,
we decided to average equivalent F values in the final least-
squares. The o for Fyy, was calculated by 6avg = [(6,% + 6,%) /4]
R was reduced by 0-19, from the original, and the estimated
standard deviations of positions improved an average of only 1
in the last significant figure. This is not surprising since the
equivalent points had very nearly identical F wvalues. The
averaged data are those reported.
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an E map, initial positions for all non-hydrogen atoms were
obtained; a structure-factor calculation using these co-
ordinates gave an initial R of 39-59%,. These positions and
isotropic temperature factors were refined with unit weights
and then anisotropically using weights of 1/o(Fy).23 R was
then 9-59%,. A difference-Fourier map generated from data
from the least-squares refinement revealed all 9 unique
hydrogen atom positions. At this point, refinement with
weights of 1/c(Fy), treating all hydrogens isotropically, and
all non-hydrogens anisotropically using the average F values
(vide supra) gave a final R of 3-7%. A difference map
utilizing data from the final refinement showed no peak with
electron density >0-25 eA™3,

RESULTS AND DISCUSSION

Data relative to (I), with the crystallographic number-
ing of Figure 1, are given in Tables 1-——4. Table 1 gives

Ficure 1 The molecule of (I) showing the crystallographic

numbering used in this analysis

the final atomic position and thermal parameters with the
bond lengths and bond angles given in Tables 2 and 3;

- o for calculated values are given in parentheses in each

Table. Bond lengths and angles are provided only for
the unique half of the molecule. Final observed and
calculated structure factors are listed in Supplementary
Publication No. SUP 20776 (12 pp., 1 microfiche; see
Notice to Authors No. 7 in J.C.S. Dalton, 1972, index
issue).

Burgi and Dunitz 5 report 1-460(3) and 1-237(3) A for
the two C-N bond lengths and 119-9(3)° for the C-N—C
bond angle in (II). These data appear to be

8 J. Meunier-Piret, P. Piret, G. Germain, and M.
Meerssche, Bull. Soc. chim. belges, 1972, 81, 533.

? N. L. Allinger and J. Sprague, J. Amer. Chem. Soc., 1973,
95, 3893, and earlier papers.

8 G. H. Stout and L. H. Jenzen, ‘ X-ray Structure Deter-
mination, A Practical Guide,” Macmillan, New York, 1968, p. 134.

9 See ref. 8, p. 34.

1 DATRED, by C. J. Finder and M. G. Newton, University
of Georgia, Athens, Georgia, 1972.

11 See ref. 8, pp. 454—458.

12 A, J. C. Wilson, Nature, 1942, 150, 152,

13 FAME, MAGIC, LINK, and SYMPL, a series of direct-
phasing computer programs by R. A. Dewar, A. Stone, and
E. B. Fleischer, University of Chicago, Chicago.

12 MULTAN, a computer program for the automatic solution
of crystal structure by P. Main and M. M. Woolfson, University
of York, York, and G. Germain, University of Louvain, Leuven,
Belgium.

15 UCLALS, P. K. Gantzel, R. K. Sparks, K. N. Trueblood,
University of California at Los Angeles; modified by M. G.
Newton for the IBM 360.

Van
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TABLE 1

Final atomic positions and temperature factors
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FIGURE 2 A stereodiagram of the unit-cell packing of (I) viewed down c.
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TABLE 4
Dihedral angles (deg.) *

C(4A)-C(12B)—C(1)—C(2) 2-3(2)
C(4A)—C(12B)~C(1)-C(1)H —179-9(08)
C(12A)~C(12B)-C(1)—C(2) —179-9(1)
C(12A)~C(12B)—C(1)~C(1)H 2-3(10)
C(1)—C(12B)—C(4A)~C(4) —1-1(2)
C(1)-C(12B)—C(4A)—N(5) 172-2(1)
C(12A)—C(12B)—C(4A)—C(4) 178-7(1)
C(12A)—C(12B)—C(4A)—N(5) —5-4(2)
C(1)~C(12B)—C(12A)—C(12) —57-0(2)
C(1)~C(12B)—C(12A)—C(8A) 120-6(1)
C(4A)—C(12B)—C(12A)—C(12) 120-6(1)
C(4A)—-C(12B)—C(12A)—C(8A) —61-8(2)
C(12B)~C(1)~C(2)-C(3) 1-0(2)
C(12B)—C(1)-C(2)—~C(2H) 176-6(10)
C(1H)-C(1)~-C(2)-C(3) —178-7(10)
C(1H)—C(1)~C(2)-C(2)H 1-1(14)
C(1)-C(2)—C(3)—C(4) —1-5(2)
C(1)—-C(2)—C(3)-C(3)H 179-8(10)
C(2)H-C(2)—C(3)—C(4) 179-2(10)
C(2)H-C(2)—C(3)-C(3)H 2-1(15)
C(2)-C(3)—C(4)—C(4A) —2-7(2)
C(2)-C(3)—C(4)—C(4)H 175-9(09)
C(3)H—C(3)—C(4)—C(4A) 178-6(10)
C(3)H-C(3)—C{4)—C(9)H —2.8(14)
C(3)-C(4)—C{4A)—C(12B) —1-4(2)
C(3)—C(4)~C(4A)-N(5) 174-9(1)
C(4)H—C(4)~C(4A)—C(12B) 177-2(09)
L(4)H—C(4)—C(4A)—N(5) —3-7(09)
C(12B)—C(4A)-N(5)—C(6) 66-3(2)
C(4)—C(4A)—N (5)~C(6) —120-3(1)
C(4A)—N(5)~C(6)~C(1") —178-7(1)
C(4A)—N\5)—C(6)—C(7) 4-2(3)
N(5)—C(6)~C(1")~C(2") 163-5(1)
N(5)—C(6)—C(1’)—C(6’) —17-6(2)
C(5)—C(6)—C(1)-C(2") —19-4(2)
C(7)—C(6)—C(1")—C(6") 159-5(1)
N(5)—C(6)~C(7)~N(8 —78-8(2)
N(5)—C(6)—C(7)-C(1") 104-1(1)
C(1)~C(6)—C(7)~N(8) 104-1(1)
C(1/)—C(6)—~C(7)—C(1"") 73-0(1)
C(6)~C(1)—C(2")—C(3") 178-3(1)
C(6)—C(1)—C(2)-C(2)H —3-6(10)
C(6")—C(1)~C(2")—C(3") 0-6(2)
C(6)—C{1)—C(2)—C(2)H 177-5(10)
C(6)—C(1)—C(6")—C(5") 177-8(1)
C(6)-C(1)—C(6')—C(6)H —0-8(10)
C(2/)—C(1)~C(6")~C(5") —11(2)
C(2)~C(1)—C(6)—C(6)H 179-7(10)
C(1)—C(2)—C(3")—C(4) —0-5(2)
C(14~C(2)~C(3)—C(3") 178-9(11)
C(2)H~C(2)—C(3)—C(4) 178-7(10)
C(2)H—C(2)—C(3")—C(3H —0-7(15)
C(2)-C(3")—C(4)—C(5) —1.1(2)
C(29—C(3)—C(4)—C(4)H 178-4(12)
C(3H—-C(3)~C(4")—C(5") 178-2(11)
C(3")H—C(3)~C(4)-C(4H —0-9(16)
C(3)—C(4)—C(5")—C(6") —0-6(2)
C(3")—C(4)—C(5}—C(5") 178-9(11)
C(4)H—C(4)—C(5)—C(8") —177-9(12)
C(4)H—C(4/)—C(5")—C(5)H —1-5(17)
C(4)—C(5")~C(6")—C(1") 0-5(2)
C(4)—C(5")~C(6)—C(6)H —179-1(10)
C(5’)H—(‘(5’ —C(69—C(1)’ —180-0 *

(5" H—C(5")—C(6")—C(6")H 1-4(16)

* Angles in the form I-J—K-L, signed down J—K vector
with J closest to eye; positive represents vector K—L clock-
wise from vector J—I, negative vector K—L counterclockwise
from vector J—I. The function used to evaluate the ¢ values
for dihedral angles is unreliable below ca. 0-05°.
footnote in text.

See also
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significantly different from the C-N bond lengths which
we find for (I). However, in light of the more probable
o values of 0-01 A and 1-0° quoted in ref. 5,* there is no
significant difference between the C-N bond lengths and
the C-N-C bond angles of (I) and (II). By comparison,
all these molecules do have bond lengths significantly
different from the values for the C-N bond of pyridine
[1-340(5) A] and the C-N-C angle (116-7°).16

The dihedral angles of (I) are given in Table 4.+ There
are four dihedral angles of particular interest in this
molecule. These are the phenyl twist around C(1’)-C(6),
the biphenyl twist about C(12A)-C(12B), the benzil twist
about C(6)~C(7) and the imine twist about C(4A)-N(5).
Of the four, the most interesting is the second which is
—57-0(2)°. This is in fair agreement with the gas-phase
angle obtained by electron diffraction studies in biphenyl
(41-6°).17

As can be seen from the unit-cell diagram (Figure 2),
the molecules are tightly packed. Burgi and Dunitz 3
report no intermolecular carbon-carbon contacts <3-5 A,
whereas in (I) C(4') approaches C(11) and C(12) of the
molecule related to the & glide and translated one cell
along x and one along —y to ca. 345 A; and C(4")
approaches C(1) and C(2) of this molecule related by
the b glide by 3-47 A. Furthermore, Burgi and Dunitz
find no intermolecular contacts of less than van der
Waals radii. In (I), C(11)H and C(3')H of the molecule
translated one unit cell along —y are 2-42(2) A apart.
There are a total of 24 intermolecular contacts of less
than 3 A.

In addition, C(1)H and C(12)H have an intramolecular
approach distance of 274 A. In the planar transition-
state envisaged earlier,* these are the two hydrogens
which must push past each other. Even at the twist
angle of 57° found in (I), these two hydrogens are already
within the H-H van der Waals radii.

As would be expected, the phenyl rings each form a
plane with a maximum deviation of 0-005 A. The benzo-
ring forms a plane with a maximum deviation of 0-015 A.
The nitrogen attached to the benzo-ring, however,
deviates from the plane by 0-14 A.

[3/7561 Received, 9th April, 1973

* See p. 1757 of ref. 5. Experimental difficulties encountered
by Burgi and Dunitz [libration, maximum 6 = 25°, very thin
crystal (0-056 mm) and low m.p. (47—49°)] do not occur with (I)
[small, nearly spherical thermal parameters, maximum 6 = 65°,
block-like crystal, and high m.p. (236—238°)].

t o Values quoted for the dihedral angles have been calculated
by evaluation of the square root of the sums of squares of the
12 partials involved in the dihedral angle function multiplied
by their ¢ values.

16 B. Bak, L. Hansen, and J. Rastrup-Anderson, J. Chemr.
Phys., 1954, 22, 2013.

17 O. Bastiansen and M. Traetteberg, Tetrakedron, 1962, 17,
147.



