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Abstract. M, =273-025, monoclinic, P2,/c, a=
6-155(1), b=11-390(2), c¢=20-2004)A, B=
119-85 (3)°, ¥'=1228-25(1) A3, Z=4, D,,= 1-479,
D,=1.487Mgm3, A(CuKa)=1-5418 A, u(CuKa)
= 3.15mm™!, F(000) = 568, room temperature. Final
R =0.039 for 1671 reflections. The central ring is
almost flat and both unsaturated six-membered rings
exist in the crystal in half-chair conformations with
both C—Cl bonds lying in axial positions, in the trans
configuration.

Introduction.  1,9-Dichloro-1,2,3,4,6,7,8,9-octahydro-
phenazine 5-oxide was first obtained by Fischer &
Weitz (1975) as two isomers which were resolved by
column chromatography on silica gel. The authors
suggested that the compound with m.p. 443 K has the
cis configuration and that with m.p. 439 K the rrans
configuration of Cl atoms. The compound was ob-
tained again and resolved by thin-layer chroma-
tography by Hahn, Muszkiet, Rybczynski & Skrzypek
(1983). One of the isomers has m.p. 447K and the
other decomposes in the temperature range 433—448 K
with no clear melting point. This does not allow
identification of the isomers and we have therefore
investigated the crystal structures of both isomers to

* To whom correspondence should be addressed at the Institute
of General Chemistry.
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identify them. We first solved the structure of the
isomer having no clear melting point.

Experimental. Recrystallization from ethanol, D,, by
flotation, thin colourless single-crystal fragments
~0-4 x 0-4 x 0-1 mm, Syntex P2, diffractometer,
graphite-monochromatized Cu Ko radiation, 6-26
scan, unit-cell parameters refined from accurately
measured 26 values of 25 high-angle reflections, Lp and
empirical absorption corrections (transmission 0-159 to
0-275), sinf/A < 0-546 A-%, 1671 reflections measured
0<h<6,0<k<12,-22<!<19),all unique, 1278
considered observed with F, > 20(F,); three standard
reflections varied in intensity by <3% throughout data
collection. Direct methods [MULTAN78 (Main, Hull,
Lessinger, Germain, Declercq & Woolfson, 1978)]
revealed positions of all non-hydrogen atoms; refine-
ment (on F) by full-matrix least squares with aniso-
tropic temperature factors for non-hydrogen atoms, all
H atoms located in difference Fourier synthesis and
refined isotropically using mixed method, final R
=0.039, R,=0.042, S=1.53 for the observed
reflections, w = 1/6%, (4/6)pay for non-H atoms = 0-38
[U,, for C(D], (4/0),.=0-12, final dp excursions
<10-211e A% atomic scattering factors from
International Tables for X-ray Crystallography (1974)
for neutral atoms, and anomalous-dispersion correc-
tions for non-hydrogen atoms from Cromer & Liber-
man (1970). All calculations except for MULTAN
performed using XRAY76 (Stewart, 1976).
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Discussion. A view of the molecule along [001] with the
atom numbering is shown in Fig. 1. Positional and
equivalent isotropic thermal parameters are given in
Table 1. The bond lengths and angles are given in Table
2.* The central pyrazine ring is nearly planar and the
maximum deviation from the plane is 0-012 (9) A. Both
unsaturated six-membered rings exist in half-chair

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Lending Division as Supplementary Publication No. SUP 38881
(13 pp.). Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CHI1 2HU, England.

Table 1. Final atomic coordinates (x10%) and equiva-
lent isotropic temperature factors for Cl, O, N and C
atoms with e.s.d.’s in parentheses

Beq=§n*3,2,U atata,.a,

L7 ot Baad’ i bad M

X Y z Beg(A?)
cl) —1714 (3) 2228 (2) 275 (1) 3.8(2)
Cl(9) 1600 (3) 3381 (2) 3726 (1) 4.1 (2)
(0} 4589 (6) —827(3) 2795 (2) 3.3(4)
N(5) 3315 (M) 147 (4) 2582 (2) 2:3(4)
N(10) 651 (7) 2211 (4) 2128 (2) 2-4 (4)
C(l) 1452 (8) 2436 (4) 1076 (3) 2-7(4)
c@) 3383 (9) 2088 (5) 850 (3) 3.1(4)
C@3) 3486 (10) 756 (5) 781 (3) 3.44)
c(d) 4217 (10) 144 (5) 1534 (3) 3.2(4)
C(6) 2778 (10) —179 (5) 3692 (3) 3.2(4)
(e{()] 1971 (10) 605 (5) 4179 (3) 3.6 (4)
C(8) —516 (10) 1244 (5) 3686 (3) 3.44)
C9) —285(9) 2133 (4) 3158 (3) 2.8(4)
C(11) 1696 (8) 1751 (4) 1742 (3) 2-4(4)
C(12) 3015 (8) 706 (4) 1942 (3) 2-4(4)
C(13) 2332 (8) 597 (4) 2999 (3> 24 (4)
c(14) 976 (8) 1634 (4) 2743 (3) 2.4 (2)

Table 2. Bond lengths (A) and angles (°) with e.s.d.’s in
parentheses

Cl(1)}—C(1) 1-826 (4) Cl(—C(1)-C(2)  110-4 (3)
CI(9)—C(9) 1-832 (5) Cl()}—C(1)-C(11)  108-3 (4)
0-N(5) 1.302 (5) C@)-C(H-CA1)  112.9 (4)
N(5)-C(12) 1.368 (7) C(1)-C(2)-C@B) 111-1(5)
N(5)—C(13) 1.359 (8) C(2)-C(3)-C(4) 111-6 (5)
NQ10)—C(11) 1.340 (8) C(3)-C@)-C(12)  111:9(5)
N(10)-C(14) 1-331 (7) C(N-C)-C13)  112-0(5)
c(1)-C(2) 1522 (9) C(6)-C(7)—C(8) 111-4 (4)
c(1—c(11) 1.498 (8) C(7)—C(8)—C(9) 111.0 (5)
C(2-C(3) 1.528 (8) CI9-CO-CH®)  109-1(3)
C(3)-C(@) 1.524 (8) CI(9)—-C(9)-C(14)  107-4 (4)
C(4)-C(12) 1.498 (9) CE—C®)-C(14)  113.0(5)
C(6)—-C(7) 1519 (10) N(10—C(11)—C(l)  117-1(4)
C(6)-C(13) 1-500 (8) N(10}—C(11)}—C(12) 1234 (5)
C(1)-C(@®) 1.532(7) C(1-C(I1)~-C(12)  119-5(6)
C(8)-C(9) 1528 (8) NG)-C(12)-C(@d)  116-7(4)
C(9)-C(14) 1-509 (9) N()-C(12)—C(11)  117-4(5)
c(11-cq2) 1-382(7) C@)—-C(12)-C(11)  125-9(5)
"C(13)-C(14) 1-389 (7) N(5)-C(U3)}-C(6)  117-0(4)

N()-C(13)—-C(14)  117-5(5)
0-N(5)-C(12) 119.0 (5) C(6)-C(13)-C(14)  125-4 (6)
O-N(5)-C(13) 119-8 (4) N(10)-C(14)—C(9)  116-9 (4)
C(12-N(5)-C(13)  121-1(4) N(10}—C(14)—C(13) 123-4 (6)
C(11)-N(10)—C(14) 117-2(4) C(9-C(14)-C(13)  119-6(5)

trans-1,9-DICHLORO-1,2,3,4,6,7,8,9-OCTAHYDROPHENAZINE 5-OXIDE

Fig. 1. View of the molecule along [001] showing the atom

numbering.

conformations with asymmetry parameters (Duax &
Norton, 1975) AC%3 =4.9 (8), AC! =24.5(10), |y
=29-8(12)° for the first and ACY®=3.5(9), ACS
=25.0(10), Iyl =30-2 (10)° for the other ring. Both
C—Cl bonds are in axial positions, in the trans
configuration. The C—Cl bond lengths [1-826 (4) and
1.832 (5) A] are longer than in 2,3,7,8-tetrachloro-
phenazine (Riganti, Locchi, Curti & Bovio, 1965a)
[1-726 (12) and 1.731(14) Al, containing all un-
saturated rings, and in 1,4,6,9-tetrachlorophenazine
(Riganti, Locchi, Curti & Bovio, 1965b) [1-708 (17)
and 1.727 (17) Al.

The authors thank Dr B. Muszkiet for supplying
crystals. This research was supported by project
MR.L9 from the Polish Academy of Sciences.
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