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Structure of 5,6,11,12-Tetrahydro-2,5,8,11-tetramethylphenomazine
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Abstract. 2,5,8,11-Tetramethyl-5,6,11,12-tetrahydro-
dibenzo[b,f][1,5]diazocine, C;sH»nN,, M, =266,
monoclinic, P2,/¢, a=10.130(2), b=7.390 (8), ¢ =
20.770 3) A, B =105.42(1)°, V=14989 A’ Z=4,
D.,=1.17gem™3, A(Mo Ka)=0.71069 A, u=
0.37cm ™', F000) =576, final R=0.077 for 1962
reflections with 7> 3¢(l) out of 2105 unique reflec-
tions measured. The molecule has a twisted boat
configuration with the planes of the two phenyl rings
at an angle of 49.2° to each other.

Introduction. Cooper & Partrige (1957) reported the
preparation of a series of 17 different 5,11-endo-
substituted 5,6,11,12-tetrahydro-2,8-dimethylpheno-
mazines with the eight-membered phenomazine ring
common to all of them. The present work reports the
structure of one of the members of this series, with
methyl as the 5 and 11 endo substituents, and forms
part of a larger program to study the conformational
aspects of the eight-membered phenomazine ring in
various members and the structure-reactivity rela-
tionship among them.

Experimental. Compound (I) obtained as a reaction
product of benzoyl peroxide with N,N-dimethyl-p-
toluidine in chloroform (Roy & Swan, 1966). Color-

CH,
\
CH, N\
CH,

®

less crystals from aqueous ethanol. 0.3 x 0.3 x
0.015 mm crystal. Enraf-Nonius CAD-4 diffractom-
eter, Mo Ka with graphite monochromator. Cell
parameters from 25 reflections automatically
centered in the range 1.5(1.0 + 0.34tané)°. Six stand-
ard reflections measured every 2 h of X-ray exposure.
3123 reflections measured, 6., = 25°, 2105 unique
reflections, 1962 with 7> 3.00(l), R, = 0.029 for 72
common reflections, index range for A, k, [: 0 to 11,
0 to 8, —20 to 20. Absorption ignored. Structure
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solved by direct methods using MULTAN78 (Main,
Hull, Lessinger, Germain, Declercq & Woolfson,
1978). Full-matrix least-squares refinement with
SHELXT76 (Sheldrick, 1976), atomic-scattering fac-
tors from International Tables for X-ray Crystallog-
raphy (1974, Vol. 1V); anisotropic temperature
factors for C and N atoms; individual isotropic terms
for H atoms; >w(F, — F.)* minimized, w = 1/0*(F));
reflections with 7 < 30 (J) excluded from refinement;
max. 4/¢ =0.378 in the final least-squares cycle.
Final R=0.077, wR = 0.089 and S = 4.8 for the 1962
reflections with 7> 30(I). Atomic coordinates are
listed in Table 1.* The PLOTMD program (Luo,
Ammon & Gilliland, 1989) was used to display and
label the ORTEP (Johnson, 1965) drawings.

Discussion. Bond lengths, bond angles and torsion
angles are given in Table 2 and their values are
normal. Fig. 1 shows an ORTEP (Johnson, 1965)
drawing of the molecule and Fig. 2 a packing view of
the molecules in the unit cell. The atoms linked
covalently to the two benzene rings are coplanar with
the respective benzene planes; these planes are
inclined at an angle of 49.2° to each other and the
molecule assumes a twisted boat configuration. The
entire molecule may be considered as made up of
two chemically identical parts — one consisting of
atoms from C1 to N10 and the other from Cl11 to
N20 — which have similar geometry as evident from
the similar bond lengths, bond angles and torsion
angles of the respective pairs. In the phenomazine
ring, both N—CHj; groups are on one side and both
the —CH,— groups on the other side of the mean
plane through the ring giving a cis isomer, although
a more symmetrical trans isomer would have been
energetically more favorable. The structures of other
members of the series should be investigated to give
a better understanding of this aspect. The only inter-
molecular interactions in the structure are of the van
der Waals type with distances all greater than 3.5 A.

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
55395 (17 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England. [CIF reference: CR0269}
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Table 1. Atomic fractional coordinates and equivalent
isotropic temperature factors (A?) with e.s.d’s in

parentheses
By = (87%3)2,2,U;;a*a*a .a;.
x y z B

C1 0.1903 (5) 0.2816 (7) 0.0640 (2) 4.5(2)

Cc2 0.2760 (5) 0.1430 (8) 0.0558 (3) 4.8 (2)

C3 04154 (4) 0.1699 (7) 0.0685 (2) 432

C4 0.4764 (5) 0.3367 (6) 0.0902 (2) 38(2)

Cs 0.3892 (4) 0.4787 (6) 0.1002 (2) 3.7(2)

C6 0.2494 (5) 0.4464 (7) 0.0863 (2) 43 (2)

c7 0.0370 (6) 0.254 (1) 0.0498 (4) 6.5 (3)

gg g%g‘;' Eg; gg%? gg gﬁgg 8; ‘;2 8; Fig. 1. An ORTEP diagram of the title compound showing the
N10 0:6171 @ 0.3618 (5) 0.1031 (2) 41(2) atomic numbering scheme. The C and N atoms are shown as
Cl11 0.9582 (5) 0.8058 (7) 0.1903 (2) 48(2) 50% boundary ellipsoids; H atoms are drawn as spheres with B
c12 0.9031 (5) 0.8500 (7) 0.2425 (3) 49(2) =15A2

c13 0.7709 (5) 0.7996 (7) 0.2428 (3) 442

Cl4 0.6877 (4) 0.7020 (6) 0.1894 (2) 37(2)

C15 0.7430 (5) 0.6519 (6) 0.1364 (2) 3.8(2)

C16 0.8752 (5) 0.7066 (7) 0.1384 (3) 44(2)

c17 1.1027 (6) 0.855 (1) 0.1901 (4) 6.5(3)

Cl8 0.6696 (6) 0.5276 (7) 0.0804 (2) 4.1(Q2)

C19 0.5141 (7) 0.6566 (8) 0.2517 (3) 5103)

N20 0.5559 (4) 0.6496 (5) 0.1900 (2) 432

Table 2. Bond distances (A), bond angles (°) and
torsion angles (°) with e.s.d.’s in parentheses

C1—Cé6 1.382 (7) N10—C18 1.463 (6)

C1—C2 1.383 (7) Cl11—CI12 1.384 (7)

C1—C7 1.515 (7) C11—C16 1.388 (7)

C2—C3 1.381 (7) Cl11—17 1.509 (8)

C3—C4 1.398 (6) C12—C13 1391 (7)

C4—N10 1.391 (6) C13—Ci14 1.401 (6)

C4—C5 1.422 (6) C14—N20 1.393 (6)

C5—Cé6 1.389 (6) C14—C15 1411 (6)

C5—C8 1.520 (6) C15—Cl6 1.389 (7)

C8—N20 1.467 (6) CI15—CI18 1.513 (6)

C9—NI10 1.431 (6) CI19—N20 1.455 (6)

C6—C1—C2 117.7 (4) Cl12—C11C16 116.5 (5)

C6—C1—C7 120.8 (5) Cl12—C11—17 122.7 (5)

c2—C1—C7 121.5 (5) Cl16—C11—C17 120.8 (5)

C3—C2—Cl 120.9 (5) Cl11—C12—CI13 1220 (5)

C2—C3—C4 122.0 (5) Cl12—C13—C14 120.8 (5) a

N10—C4—C3 121.5 (4) N20—C14—C13 1209 (4)

N10—C4—C5 121.2 (4) N20—C14—CI15 1209 (4) . . . . : _

C3—Ca—C5 1173 &) C13—C14—C15 1182 (4) Fig. 2. An ORTEP dlagurlam. lllllllstrau.ng tlllle packing of the mol

C6—C5—C4 1188 (4) C16—C15—Cl4 118.7 (4) ecules 1n the umt cell.

C6—C5—C8 118.9 (4) Cl16—C15—C18 118.2 (4)

C4—C5—C8 122.2 (4) C14—C15—CI8 1229 (4)

C1—C6—C5 123.2 (5) Cl11—C16—C15 1239 (5)

N2O—C8—Cs 137 (3) NI0—C15—01s 1140 (&) We are grateful to Professor G. A. Swan pf the

C4—N10—C9 120.8 (4) C14—N20—C19 120.1 (4) Department of Organic Chemistry, University of

@_“—E}O_CO—C}S }}gg g; g}tﬁgo_c"—cg “?53 23 Newcastle-upon-Tyne, England, for the gift of the

65 ’ 05()  CNI—CleCi3 '1395 © crystals; to the National Instrumentation Centre,

Cl—C6—C5—C8 1764 4  C8—N20—Cl4—Cl5 _43:2 ) Bose Ins.t.ltute, Calcutta, for the CAD-4 diffractom-

g—aaa . 5125) gg:ﬁml‘_”gl s i 58 eter facilities; and to Professor H. L. Ammon of

C2—C3—C4—C5 13(7) N10—CI8—C15—Cl6 125955 the Department of Chemistry and Biochemistry,

C2—C1—C6—C5 06(7) NI10—CI8—CI5—Cl4 —486(7) : ; - 3

C3—C2—C1—C6 -10(8) ClI—CI12—CI3>Cl4 4o University of Maryland, USA, for providing com-

C3—C2—C1—C7 179.6(6)  Cl11—Cl16—C15—Cl4 12(n  puter facilities.

C3—C4—N10—C9 -169(6) CI1—C16—CI15—CI8 ~173.6 (5)

C3—C4—N10—C18 13724  C12—C11—C16—Cl5 029

C3—C4—C5—C6 -17(6) Cl12—C13—Cl4—N20 179.2 (5)

C3—C4—C5—C8 1754 (4)  C12—C13—C14—CI5 1.8 (1) References

C4—N10—CI18—C15 1120(5)  C13—C12—C11—Cl6 -0.6 (8)

C4—C5—C8—N20 -502(6) Cl3—Cl2—Cl1—Cl17 ~178.2 (5) .

C5—Co—c1—c 1799 () Cli—Cl4—N20—C19 “146 () COZC;;I;E8R,2§3C. & PARTRIGE, M. W. (1957). J. Chem. Soc. pp.

C5—C4—N10—C9 1614(4) C13—C14—C15—Cl6 -21(6) —2893.

gﬁg—:lmﬁ —I-S.; g; g:ﬁ}«é:ccllszcc}g mg 8 JounsoN, C. K. (1965). ORTEP. Report ORNL-3794. Oak Ridge
—N20—Cl4 - : National Laboratory, Tennessee, USA.

C5—C8—N20—C19 -925(5)  CI5S—C14—N20—Cl19 162.7 (4) ’ i :

C6—C5—C4—N10 180 (1) C16—C15—C14—N20 -179.6 (4) LUO, J., AMMON, HL & GILLILAND, G. L. (1989). J. App[. Cryst.

C6—C5—C8—N20 1270 (4)  C18—C15—C14—N20 -51 (D) 22, 186.
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Dimanganese Octacarbonyl Complexes with Bridging Phosphanido Ligands

By U. FLORKE AND H.-J. HAuPT

Anorganische und Analytische Chemie, Universitdt-GH Paderborn, Warburgerstrasse 100, D-4790 Paderborn,
Germany

(Received 4 December 1991; accepted 8 July 1992)

Abstract.  Octacarbonyl-1«*C,2«*C-bis-u-(dicyclo-
hexylphosphanido-1:2«? P)-dimanganese, [Mn,-
(C\.H,,P)(CO)g), (1), M, =728.5, triclinic, Pl, a =

8.945(2), b=10.098(2), c¢=11376(3)A, a=
109.76 (2), B=93.30(2), y=11432(1)°, V=
857.7A% Z=1, D,=1410 Mgm™ 3 A(Mo Ka) =

0.71073 A, © =0.84mm™!, F(000)=380, T=
296 (1) K, R=0.046, wR=0.041 for 2221 unique
intensities. Octacarbonyl-1x*C,2«*C-bis-u-(phenyl-
phosphanido-1:2«?P)-dimanganese, [Mn,(CsH¢P),-
(CO)g], (I), M, = 552.1, triclinic, P1, a=6.848 (1),
b =8.720(2), c=10.805(2) A, a =100.16 (1), B =
99.43 (1), y=106.22 (1)°, ¥V =594.1 A% Z=1, D, =
1.543 Mg m 3, A(Mo Ka) =0.71073 A, nw=
1.20 mm ™!, F(000) =276, T=298 (1) K, final R=
0.055, wR = 0.053 for 2003 unique intensities. Both
compounds consist of two edge-sharing coordination
octahedra with planar Mn,P, rings. Of the two
possible isomers of (II), the one with anti position of
the P ligands is realized. The average Mn—P bond
lengths are 2.411 (2) A for (I) and 2.358 (1) A for
.

Experimental. Compound (I) was prepared by reac-
tion of Mn,(CO),, with HP(C¢H,,), dissolved in
xylene in a glass tube at 433 K for 10 h; for (II),
Mn,(CO),, and H,P(C,Hs) were treated at 453 K
under the same conditions. Both substances were
recrystallized from CH,Cl,/pentane.

For (I), a yellow crystal of size 0.08 x 0.20 x
0.24 mm was used for data collection on a Siemens
R3m/V diffractometer with graphite-monochromated
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Mo Ka radiation. Lattice parameters were refined
from 25 reflections (15 <26 < 25°). w-26 scans were
used to collect 4166 intensities for 3 <26 < 55°, — 11
<h<1l, —13=<k<13,0=</<14. Three standards,
monitored every 400 reflections, showed only
random deviations. Lp corrections were applied, as
well as an empirical absorption correction (lamina)
via ¢ scans; minimum/maximum transmission 0.812/
0.999. 3968 unique intensities were obtained after
merging (R, = 0.032), of which 2278 had F > 4¢(F).
The structure was solved by Patterson and Fourier
methods. Full-matrix least-squares refinement (based
on F) of 199 parameters, with anisotropic refinement
for all but H atoms, H atoms fixed at idealized
positions with common isotropic displacement
parameters Ui, = 0.08 A2, converged to R =0.046,
wR=0.041 [l/w=o*(F)+0.0001F%, S=1321.
Maximum (4/0) = 0.001, minimum/maximum height
in the final AF map —0.33/0.29¢ A™2.

For (II), a yellow crystal of size 0.15x 0.19 x
0.57 mm was used with a diffractometer as above.
Lattice parameters were refined from 25 reflections
(10 = 20 < 27°). Data collection was as above for
2845 intensities with —8<h =<8, —11<k<11,0<
I < 14. Three standards, monitored every 400 reflec-
tions, showed decay of 4%; intensities were scaled on
the standards. Other corrections were as above, with
minimum/maximum transmission for absorption
0.430/0.464, 2703 unique intensities were obtained
after merging (R, = 0.013), of which 2067 had F >
40(F). Structure solution and refinement was as
above for 133 parameters, with phenyl groups
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