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these result in the slightly shorter H(82)--.C(2) and
C(3) contacts in the present structure. Both six-mem-
bered rings have distorted half-chair conformations;
C(4a) and C(8a) deviate by —0-45 and +0-31 A from
the mean plane of C(1) to C(4), and by +0-36 and
—0-41 A from the mean plane of C(5) to C(8) (e.s.d.
of deviations = 0-004 A). The carbonyl group is planar
to within three standard deviations.

Molecules in the crystal are linked by hydrogen
bonds, O(1)---0O(4) = 2-770 (4) A, O(4)—H(04)---
O(1) = 164(9)°, to form chains along a. The
molecular-packing diagram has been deposited.

Photoproduct

The molecular structure of the polycyclic hemiacetal
photoproduct (II) is shown in Fig. 1, where the atom
numbering of the parent naphthoquinol (I) is retained.
The structures allow the solid-state photoconversion
(I) - (II) to be assigned as H abstraction from C(8) by
C(3), C(2) to C(8) bonding (I'), and finally cyclization
[C(1) to O(4) bonding] to form the hemiacetal (II)
(Appel, Greenhough, Scheffer, Trotter & Walsh, 1980).

The six-membered ring, C(4a), C(5), C(6), C(7),
C(8), C(8a), is in a flattened half-chair conformation,
with C(4a) and C(8a) displaced by +0-08 and —0-49
A, respectively (e.s.d.’s 0-005 A), from the plane of
C(5) to C(8) (in comparison with +0-36 and —0-41 A
displacements in the naphthoquinol starting material,
see above). The C(1), C(2), C(3), C(4), C(4a), C(8a)
ring is a boat, with the oxygen-bridged C(1) and C(4)
atoms displaced by 1-07 and 0-75 A, respectively, from
the C(2), C(3), C(4a), C(8a) plane; these four coplanar
atoms, C(4), and C(8) form a chair-shaped ring [C(8)
displaced by —1.06 Al]. The two hetero-oxygen
five-membered rings have envelope conformations with
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0O(4) displaced 0-750 (3) A from the C(1), C(2), C(3),
C(4) and 0-766 3) A from the C(1), C(4), C(4a),
C(8a) planes. The four-membered ring is folded; C(8) is
0-55 A out of the C(1), C(2), C(8a) plane.

The bond lengths and angles (Table 3) in the
four-membered ring [formed from the starting material
by C(2)—C(8) bonding] are indicative of the strain in
the molecule. The internal angles in this ring range from
86-8 (4) to 90-5 (3)°, with C(2)—C(8) = 1-595 (7) A.
The angle at the bridging oxygen O(4) is 94-7 (3)°,
with other angles in the five-membered hetero-rings
ranging from 98-8 (4)° at C(3) to 103-0 (4)° at C(4).
In view of the possibility of disorder no significance is
attached to minor variations in bond distances and
angles from expected values.

Molecules in the crystal are joined into
centrosymmetric dimers by pairs of hydrogen
bonds, O(1)—H(O)---0(4), with O-.-0 = 2-801 (5),
O(1)—H(0) = 0-73 (6), H(O)---0(4) = 2-07(6) A,
O—H-.-0=173(6)°. Distances between dimers
correspond to van der Waals interactions.
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Abstract

The crystal and molecular structures of 1-oxo-1,2-
dihydro-2,3-diazaphenothiazine [space group Pl, a=
8-00 (1), b=14.03 (1), c=4-36 (1) A, a =87-7(2),

0567-7408/80/081839-08301.00

B=101.5(2), y=101-2(3)°] and of 1-chloro-10-
methyl-2,3-diazaphenothiazine [space group Pbca, a =
19-83 (2), b=15-29(2), c=7-32(1) Al have been
determined by direct methods and refined by least
squares to final residuals R of 0-087 and 0-103
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respectively. The two molecules are non-planar and the
butterfly angles formed by the external rings are 1685
and 147-6° respectively. In both molecules the central
ring has a boat conformation and bond distances and
angles are compared with those observed for other
phenothiazine derivatives.

Introduction

A series of 2,3-diazaphenothiazine derivatives were
synthesized by Pappalardo, Condorelli & Raspagliesi
(1966) in order to study the possible variations of the
pharmacodynamic properties of the molecule with
respect to 1,3- and 2,4-diaza-substituted derivatives.

The X-ray analyses of the present compounds were
undertaken to compare these structures with those
previously studied (Andreetti, Bocelli & Sgarabotto,
1974a,b) and with all other phenothiazine derivatives
which have been analyzed by X-ray methods.

Experimental

1-Oxo0-1,2-dihydro-2,3-diazaphenothiazine (1)

(I) crystallizes as brown prisms from an ethanol-
benzene mixture. Weissenberg photographs indicated it
to be triclinic. A Wilson (1942) plot suggested the
centrosymmetric space group (Pl), which was con-
firmed by the structure analysis. Cell parameters were
determined by a least-squares analysis of the (6,%,0)u
values of fifteen reflections measured on a Siemens
single-crystal diffractometer.

Crystal data. C,H,N;0S, M,=217-4, triclinic,
space group Pl, a=28-00(1), b=14.03(1), c=
436 (DA, a = 87-7(2), f = 101:5(2), y =
101-2 (3)°, U=470 (1) A%, Z =2, CuKa radiation,
A=1.5418 A, u(Cu Ka) = 2-79 mm~".

A crystal with the approximate dimensions 0:2 x
0:1 x 0-5 mm was used for data collection. 1770
independent reflections were measured at room
temperature on a Siemens diffractometer using Ni-
filtered Cu Ka radiation and the w28 scan technique.
Of these, 1122 were used in the crystal analysis, taking
as unobserved the reflections whose intensities were less
than twice their standard deviations (from counting
statistics). No absorption correction was applied.

Structure analysis and refinement. The normalized
structure amplitude, the absolute scale factor and the
mean isotropic temperature factor were obtained by
Wilson’s (1942) method. For sign determination 194
reflections with |El > 1-47 were used. The structure
was solved by direct methods using the basic set chosen
by the program MULTAN (Main, Woolfson &
Germain, 1974). A structure factor calculation with all
the heavy atoms obtained by the £ map computed
using the most consistent set of signs gave R = 0-26.

THE STRUCTURES OF C,H,N,0S AND C,H,CIN,S

The refinement was performed by block-diagonal least
squares using initially isotropic and then anisotropic
thermal parameters down to R =0-124. A three-
dimensional AF map revealed the approximate
positions of all the H atoms; these were refined
isotropically to a final R = 0-087.*

1-Chloro-10-methyl-2,3-diazaphenothiazine (11)

(II) was recrystallized from a benzene—chloroform
mixture as yellow prisms. Cell parameters were refined
from a least-squares analysis of the (6,y,¢),,, values of
fourteen reflections measured on a Siemens single-
crystal diffractometer.

Crystal data. C,H{CIN,S, M, = 249-7, ortho-
rhombic, space group Pbca, a=19-83(2), b=
15:29(2), ¢=7-32(1) A, U=2219(4) A3, Z=38,
CuKa radiation, 4= 1-5418 A, u(CuKa)=4.61
mm™!,

A crystal with dimensions 0-2 x 0-4 x 0-7 mm was
used for the data collection. The intensities of 2076
independent reflections were measured as before and
635 of these were considered unobserved [ < 20(1)]
and were not used in the crystal analysis. No
absorption correction was applied. During data collec-
tion a check reflection, measured periodically, revealed
a little decomposition of the sample and intensities were
accordingly rescaled.

Structure analysis and refinement. The structure was
solved with the same methods as for (I) using 240
reflections with IEl > 1-49. The coordinates of all
heavy atoms obtained from an E map computed using
the most consistent set of signs gave R = 0-26. The
refinement was carried out by full-matrix least squares
with anisotropic thermal parameters down to R =
0-141 using the program SHELX (Sheldrick, 1975).
The atoms were then fixed at their theoretical positions
(C—H 1-08 A) with the isotropic thermal parameters of
the heavy atoms to which they are bonded. The final
conventional R factor was 0-103.

The final positional parameters (together with their
standard deviations) for both compounds are given in
Table 1.* The atomic scattering factors were those of
Cromer & Mann (1968) for all the heavy atoms and
those of Stewart, Davidson & Simpson (1965) for H.

All the calculations were performed on the Cyber 76
computer of the Consorzio Interuniversitario dell’Italia
Nord-Orientale, Casalecchio (Bologna), with financial
support from the University of Parma.

* Lists of structure factors and thermal parameters for both
compounds have been deposited with the British Library Lending
Division as Supplementary Publication No. SUP 35143 (12 pp.).
Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CHI1 2HU, England.
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Table 1. Fractional coordinates (x 104, for H x 10°) with e.s.d.’s in parentheses
Compound (I) Compound (II)
x y z x y z

Ci 4987 (1) 2163(2) -—1227(3)

S 3574 (2) 3417 (1) —4051(5) 6845 (1) —82 (1) 1716 (3)

o 3420(6) —243(3) —3096 (12)

N(1) 954 (6) 1073 (3) —8831(13) 4928 (3) 490 (5) 2670 (10)

N(2) 1657 (6) 364 (3) —7110(13) 4759 (3) 1065 (4) 1327 (8)

NQ@3) 4982 (6) 1612 (3) —1020(13) 6415 (2) 1268 (4) —1062 (6)

C(l) 5548 (8) 3386 (4) —1363(15) 7349 (3) 795 (4) 901 (8)

C(2) 6637 (9) 4254 (4) —454 (19) 7997 (4) 853 (5) 1471 (9)

C@3) 8137 (9) 4295 (5) 1844 (19) 8406 (3) 1489 (5) 747 (9)

C@) 8517 (8) 3451 (5) 3129 (20) 8175 (3) 2076 (5) —507 (10)

C(5) 7486 (8) 2562 (4) 2207 (18) 7520 (3) 2019(5) —1126(8)

C(6) 5990 (8) 2513 (4) —145 (16) 7091 (3) 1367 (4) —435(8)

(ol@)] 3681 (7) 1465 (4) —3612(15) 5912 (2) 1000 (4) 198 (7)

C(8) 2962 (7) 490 (4) —4484 (15) 5244 (3) 1335 (5) 199 (9)

C(9) 1610 (8) 1946 (4) —7895 (16) 5500 (4) 162 (5) 2938 (12)

C(10) 2940 (8) 2203(4) —5186 (16) 6050 (3) 431 (5) 1561 (8)

C(11) 6305 (3) 1567 (6) —2823(8)

H(1) 634 (7) 492 (4) —141(13) 819 42 251

H(2) 894 (7) 493 (4) 253 (13) 893 153 119

H(3) 957(7) 348 (4) 488 (13) 851 251 —105

H(4) 775 (7) 192 (4) 315(14) 733 249 -210

H(5) 526 (7) 101 (4) 18 (14) 585 121 -320

H(6) 109 (7) —36 (4) —787 (14) 674 123 —335

H(7) 115(7) 246 (4) —-919 (14) 629 222 -339

H(8) 562 =27 407

Table 2. Bond distances (A) and angles (°) with e.s.d.’s in parentheses
D (In ()] an W)
Cl-C(8) 1-718 (7) C()-CQ) 1:375(8)  1.354(9) H(1)-C(2) 1.06 (6)
S—-C(1) 1.776 (1) 1-776 (6) C(1)-C(6) 1.395(9)  1-408 (8) H(2)-C(3) 1-01 (5)
S—C(10) 1.743 (6)  1-764 (6) C@2)-C@3) 1-395 (10) 1373 (10) H(3)-C(4) 1.01 (5)
0-C(8) 1251 (8) C(3)-C(4) 1-351(11)  1-363 (10) H(4)-C(5) 1-02 (6)
N(1)-N(2) 1.362(T)  1-361(9) C(4)-C(5) 1.382(9)  1-378(8) H(5)-N(3) 1.01 (6)
N(1)-C(9) 1.284 (7)  1-256 (10) C(5)—C(6) 1-405(9)  1-405 (9) H(6)—N(2) 1-07 (5)
N(2)-C(3) 1.379(8)  1-333(8) C(1)-C(8) 1-414 (8)  1-420(7) H(7)—C(9) 0-98 (6)
N(3)-C(6) 1-385(7)  1-425(7) C(7)—-C(10) 1.383(9)  1-352(8)
N(3)-C(7) 1368 (8)  1-419 (6) C(9)-C(10) 1.429(9) 1541 (10)
N(3)—C(11) 1-385 (7)
I (I I an )] an

C(1)-S—C(10) 101-1(7)  98-4 (6) C(2-C(3)-C(4)  118-1(14) 121.9(12)  CI-C(8)-N(2) 113-0(8)
N@-N(D-C(9)  115-5(9) 126-4(13)  C(3)—C(4)—C(5)  122-1(13) 119-8(11)  CI—C(8)—C(7) 122-8(7)
N()-N(2)—-C(8)  126.8(13) 118:0(11)  C(4)—C(5)-C(6)  120-1(13) 119-8(10)  O—C(8)-C(T) 125-6 (12)
C(6-N@3)-C(T)  123-3(12) 118.9(8) N(3)-C(6)-C(1)  123-3(11) 120-0(9) 0—C(8)-N(2) 119-0(11)
C(6)-N(3)—C(11) 114-4 (9) N@3)—C(6)-C(5)  118-9(11) 122-0(9) N@2)-C@®)—C(T)  115-5(10) 124.2(9)
C(7)-N(3)-C(11) 126-1 (9) C(I)-C(6)—C(5)  117-8(12) 118:1(10)  N(1)-C(9)—C(10)  124.8 (13) 115-5(11)
S—C(1)-C(2) 118:2(10) 118:7(8) N@3)—C(7)-C(8)  116-8(11) 123-5(8) S—C(10)—C(7) 123-2(9)  121-0(7)
S—C(1)-C(6) 121.7(10)  119:9(7) N@3)—C(7)-C(10)  123-6 (13) 121-6 (9) S—C(10)-C(9) 119:3(10) 118-1(8)
C(2)-C(1)~C(6) 1202 (11)  121-2Q11) C@8)-C(1—C(10)  119-3(11) 114.9(10)  C(7-C(10)-C(9) 117-6(12) 120-8(11)
C(1)-C(2)-C(3) 121.5(13)  119-2(11)

Molecular geometries

Table 2 lists the bond distances and angles of the two
compounds.

Compound (1)

The stereochemistry of the molecule is illustrated in
Fig. 1 which shows the arbitrary numbering scheme

used in the analysis. Table 3 contains the equations of
some mean planes. The molecule as a whole is not
planar and the butterfly angle formed between the
benzene ring and the mean pyridazone ring is 168-5°.
The S and N atoms of the central ring are displaced
from the benzene plane by 0-164 (7) and —0-028 (8) A
respectively.

The central ring has a flattened boat conformation
with N(1) and S out of the basal plane formed by C(1),
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Table 3. Analysis of the planarity of compounds (I)
and (II)

(@) Distances (A x 10%) of atoms from least-squares planes
Compound (I)
Plane (1): C(1)-C(6)
C(1) 25 (9), C(2) —13 (10), C(3) —8 (10), C(4) 11 (10),
C(5) 6 (10), C(6) —23 (9), S 164 (7), N(3) —28 (8)
Plane (2): S, C(10), C(7), N(3)
S 0(7), C(10) —1 (10), C(7) 1 (9), N(3) -209)
Plane (3): C(7), C(8), O, N(2)
C(T) —1 (10), C(8) 2 (10), 0 —1 (9), N(@2)-1(9)
Plane (4): C(8), N(2), N(1), C(9)
C(8) 2 (10), N(2) —4 (9), N(1) 4 (9), C(9) -2 (10),
0 44 (9), C(7) =51 (10), C(10) 32 (10)
Compound (IT)
Plane (1): C(1)—C(6)
C(1) -9 (6), C(2) 1 (7, C(3) 12 (7), C(4) —12 (8),
C(5) —1(7),C(6)9 (6), S 107 (3), N(3) 53 5)
Plane (2): N(1), N(2), N(3), C(7), C(9), C(10)
N(1) 2 (8), N(2) —1 (6), N(3) —4 (6), C(7) 5 (6),
C(9) —11 (8), C(10) 7 (7), C(8) —61 (7), S 150 (2)
Plane (3): N(1), N(2), C(8), C(9), C(10)
N(1) =3 (8), N(2) 18 (6), C(8) =23 (7), C(9) —22 (8),
C(10) 18 (7), C(7) 39 (6), S 154 (2), N(3) 51 (6)
Plane (4): C(7), C(8), C(9), C(10)
C(7) 7 (6), C(8) =5 (7), C(9) 7 (8), C(10) —10 (7),
N(1) 66 (8), N(2) 81 (6), C1 —192(3),S 68 (2)
Plane (5): N(1), N(2), C(8), C(9)
N(1) =9 (8), N(2) 5 (6), C(8) —4 (7), C(9) 5 (8),
C(7) 99 (6), C(10) 82 (7), C1 —207 (3)
Plane (6): C(7), C(8), C(9), C(10), N(1), N(2)
C(7) 15 (6), C(8) —39 (T), C(9) —20 (8), C(10) 2 (7),
N(1) 5 (8), N(2) 18 (6), S 129 (2), N(3) 10 (6)
(b) Angles (°) between planes

Compound (I)

(1)-(2) 14.4 3@ 2.3 2-(4) 42
Compound (II)
(1)~(6) 147-6 (1)-(4) 145-9 @5 4-0

C(6), C(7), C(10) by 0-277(9) and 0-233(7) A
respectively. The pyridazone ring is non-planar;
however, the two portions formed by C(7), C(8), O,
N(2) and C(8), N(2), N(1), C(9) are planar. Bond
distances in the pyridazone ring are of the same order
of those observed in 6-aminocarbonyl-3-pyridazone
(Cucka, 1963).

Molecules are arranged in zigzag chains running
along [100] joined by N(3)-.-O' = 2-88(1) A
[H(5)---O! = 1.92 (6) A; (@) -1 — x, —y, —z] and by
N(2)---N(1) = 2-96 (1) A [H(6)---N(1)!' = 2-07 (6)
A; (i) —x, —y, 2 —z] hydrogen bonds (see Fig. 2).
Other contacts are consistent with van der Waals
interactions; packing distances less than 3.50 A are
reported in Table 4.

THE STRUCTURES OF C,H,N,0S AND C,HCIN,S

H(D
H
C(1) g
)\4 C”o)/L\cm

C@
H3© AN
o)

A /J \
C(©) /c%n /ﬁ,
c J \
N @ H(6)
9 O
H(4) HS

O
Fig. 1. Perspective view and numbering of the atoms for a molecule
of (I).

HQ)
Q

(e )]
N1

Fig. 2. Packing of (I).

Table 4. Contacts less than 3-5 A
Compound (I)

N(3)—C(9) 3.37(1) N(DH-N@)™ 3-48 (1)
C(T)~-C(©9)! 341 (1) C(10)-N@3)¥ 3-49 (1)
N(@3)-C(10) 3-49 (1) N(1)-C(T)¥ 3-27(1)
o-ot 3.30(1) C(9)—-C(NV 3.41 (1)
N(3)-O! 2.88 (1) N(1)—C(8)" 3.40(1)
C(5)-0t 3.22(1) N(2)-N(2)" 3.49(1)
H(4)-O" 2:36 (5) N(D)-N(D¥ 3.21(1)
H(5)-0" 1.92 (6) N(2)-N(H* 2.96 (1)
o-om 3.25 () N(Q2)-N@)" 3.31(1)
C(8)-0oM 3.35(1) H(6)-N(2)* 2.77(5)
N(2)-O" 3.41 (1) N(1)—H(6)* 2-07(5)
Compound (I1)

CI-N(2)"" 3.28 (1)

Roman numerals as superscripts refer to the following equivalent
positions relative to the reference molecule at x,y,z:

(l) Xy )y Z— 1 (V)

@) —x-1,-y-z (vi)
@) —-x—-1,-y1—-2z (vii)
Giv) xyl+z

—X, =y, 1=z
—x,—J’az—Z
X 4—-py, 4+ 2z
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Compound (II)

Fig. 3 shows a projection of the molecule and the
atomic numbering scheme. In Table 3 the least-squares
analysis of some planar parts of the molecule is
reported. The molecule is not planar and the butterfly
angle formed between the benzene plane and the mean
pyridazine ring is 147.0°. S and N of the thiazine ring
are out of the benzene plane by 0-107 (3) and 0-053 (5)
A respectively. The central ring has a boat conforma-
tion with N(3) and S out of the plane formed by C(1),
C(6), C(7), C(10) by 0-361(6) and 0-559 (2) A
respectively. The pyridazine ring is slightly distorted,
but lies in a plane: for that part of the plane formed by
N(1), N(2), C(7), C(9) and C(10), C(8) is out by
0-066 (7) A; for N(1), N(2), C(8), C(9) and C(10),
C(7) is out by 0-039 (6) A; and for N(1), N(2), C(8)
and C(9), C(7) and C(10) are out by 0-099 (6) and
0-082 (7) A respectively. The CI—C(8) bond distance
[1-718 (7) Al is slightly shorter than that observed in
chlorpromazine [1-74 (1) A; McDowell (1969)].

Van der Waals interactions less than 3-50 A between
the molecules are listed in Table 4 and a picture of the
packing is given in Fig. 4.

HU s

Cmi
H(2) /)\Qli H(B)
N~ coo
C

‘C(J' ©
/\ T N\ N(l)
%C(N T NQ)Y—( \C(T

H) c(s)
\ H(S) Cin N(Zi
H() C(S}
H(6)

Fig. 3. Perspective view and numbering ofthe atoms for a molecule
of (II).

Qo
o1

Fig. 4. Packing of (II).

Discussion

In Table 5 are reported some geometrical and
conformational parameters concerning diazapheno-
thiazines and phenothiazines which have been pub-
lished so far.

With the exception of the methylene blue thio-
cyanate (Kahn-Harari, Ballard & Norris, 1973), all the
molecules are non-planar, with the thiazine ring in a
boat conformation and with ‘butterfly’ angles (the
dihedral angle formed by the external rings) ranging
from 134-4 to 173-6°. Butterfly angles greater than
168° are observed only when the molecules are cations
or when the substituents of the external ring, at a
carbon f with respect to S or N, could interact by
‘one-way’ 7 delocalization with these atoms [compound
(I); Andreetti et al. (1974a,b)].

Molecular features to be discussed are (a) S—C bond
lengths and C—S—C bond angles; (b)) N—C bond
lengths and C—N—C bond angles; (¢) displacements of
the S and N atoms from the mean plane of the two
external rings; (d) pyramidality of the N atom in the
thiazine ring and the orientation of the substituents at
N; (e) conformation of the thiazine ring.

(a) For structures reported in Table 5 with butterfly
angles less than 168° and with e.s.d.’s < 0-006 A, the
mean C—S bond length is 1-762 (1) A* with a very
limited spread, while in the case of compounds with
butterfly angles greater than 168°, the S—C bond
length decreases slightly to 1-742 (3) A. As has already
been pointed out (Ammon, Watts & Stewart, 1970),
unsymmetric conjugation involving S seems to be
favored and the variation of S—C bond length with the
amount of conjugation is always very small and at the
limit of significance. C—S—C bond angles range from
94-4° in 2-methoxyphenothiazine (Phelps & Cordes,
1975) to 104° in a complex of phenothiazine with
7,7,8,8-tetracyano-p-quinodimethane (Kobayashi,
1974) with a mean value of 98-5 (2)° (considering only
the values with reported e.s.d.’s). Larger values are
usually observed when the molecules are nearly planar,
but some exceptions are observed in 4-oxo-3,4-dihydro-
2,3-diazaphenothiazine monohydrate (Andreetti et al.,
1974a,b) and in simple phenothiazine (McDowell,
1976).

(b) N—C bond distances range from 1329 (20)
A in methylene blue thiocyanate (Kahn-Harari er al.,
1973) to 1-47(2) A in triflupromazine (Phelps &
Cordes, 1974). The shortest values are observed for
molecules with butterfly angles greater than 168°
[compound (I); 4-oxo0-3,4-dihydro-2,3-diazapheno-
thiazine monohydrate (Andreetti et al., 1974a,b);
methylene blue thiocyanate (Kahn-Harari et al., 1973)]
with the exception of the ion radical molecular complex

* The formulas used to calculate the mean values are: x =
(38, (/oD S, (1/07); 6, = 1 20, 10, — 2 P/R V1N — 1) x
2[ 1(1/02)”“2
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of cis-bis[bis(trifluoromethyl)ethylene-1,2-dithiolato]-
nickel with phenothiazine (Singhabhandhu, Robinson,
Fang & Geiger, 1975).

The average of the N—C bond distances for
compounds with butterfly angles < 168° and with
e.s.d.’s <0-006 A is 1-413 (2) A, and for compounds
with butterfly angles greater than 168° and with e.s.d.’s
< 0-006 A the average value is 1-393 (5) A [for
compound (I) and for 4-oxo-3,4-dihydro-2,3-diaza-
phenothiazine monohydrate (Andreetti et al., 1974a,b)
only the distances towards the ring with conjugative
ability have been taken into account].

The C—N—C bond angles range from 115 (1)° in
triflupromazine (Phelps & Cordes, 1974) to 134° in
7-hydroxychlorpromazine (McDowell, 1977); an
enlargement of this angle roughly corresponds to a
flattening of the molecule, even if the relationship is not
quantitative.

(¢) With the exception of methylene blue thio-
cyanate (Kahn-Harari ef al., 1973) a significant feature
of the majority of phenothiazines studied up to now is
the out-of-plane bending of the hetero-atoms from the
mean planes of the external rings. The effect is greater
for S than for N and it has been shown by
Domenicano, Vaciago & Coulson (1975) to be related
to the hybridization changes induced by substitution at
the benzene ring. In the case of phenothiazines the
displacements are not constant; sometimes both are in
the same direction, sometimes opposite, even if the
nature of the substituents, in most cases at the thiazine
N, is similar as regards electron-withdrawing or
-releasing properties. It seems probable that the
electronic effects of the substituents, mainly at N,
influencing the conformation of the molecule, as we will
see in (d), perturb the hetero-atoms which behave as
though they had different abilities to modify the s or p
character of the C atom o-bonded to them (Del
Buttero, Maiorana, Andreetti, Bocelli & Sgarabotto,
1975).

(d) In all cases [apart from the perfectly planar
methylene blue thiocyanate; Kahan-Arari ef al. (1973)]
the substituents at N are quasi-equatorial and the
angles S...N—C, which give their orientation with
respect to the thiazine ring, range from 150-6 to
178-2°, The pyramidality of N is a constant feature of
all phenothiazines, though it varies significantly from
compound to compound. Usually, but not always, there
is a relationship between the pyramidality of N and the
butterfly angle: in fact, when N (see column I of Table
5) is more than 0-18 A out-of-plane the butterfly angle
is never greater than 140°, the only exception being
N-methylphenothiazine (Chu & van der Helm, 1974).
It can be deduced that the electronic situation at N is
an important factor that controls the conformation of
the molecule even if, in the solid state, packing forces
could slightly influence the ‘frozen’ conformation. This

has already been pointed out by Malmstrom & Cordes
(1972).

(e) The thiazine ring always has a boat conforma-
tion with the four basal atoms quite often significantly
deviating from the least-squares plane (column M of
Table 5). So for the tricyclic system there is no plane of
symmetry through the S—N axis even in the un-
substituted phenothiazine (Bell, Blount, Briscoe &
Freeman, 1968).

The authors are indebted to Professor R. Mondelli
who provided the crystalline samples.

References

AMMON, H. L., WaTTs, P. H. & STEWART, J. M. (1970).
Acta Cryst. B26, 1079—1088.

ANDREETTI, G. D., BoceELL, G. & SGARABOTTO, P.
(1974a). Cryst. Struct. Commun. 3, 519-522.

ANDREETTI, G. D., BOCELLI, G. & SGARABOTTO, P. (19745).
Cryst. Struct. Commun. 3, 547-549.

BELL, J. D., BLOUNT, J. F., BRISCOE, O. V. & FREEMAN, M.
C. (1968). J. Chem. Soc. Chem. Commun. pp. 1656—1657.

CHU, S. S. C. & vaAN DER HELM, D. (1974). Acta Cryst. B30,
2489-2490.

CHuy, S. S. C. & vaN DER HELM, D. (1975). Acta Cryst. B31,
1179-1183.

CHU, S. S. C. & vAN DER HELM, D. (1976). Acta Cryst. B32,
1012-1016.

CHuy, S. S. C. & vAN DER HELM, D. (1977). Acta Cryst. B33,
873-876.

CHu, S. S. C. & YANG, H. T. (1977). Acta Cryst. B33,
1892-1896.

CHU, S. S. C, YANG, H. T. & vAN DER HELM, D. (1976).
Acta Cryst. B32, 2567-2570.

CROMER, D. T. & MANN, J. B. (1968). Acta Cryst. A24,
321-324.

CuUCKA, P. (1963). Acta Cryst. 16, 318-319.

DEL BUTTERO, P., MAIORANA, S., ANDREETTI, G. D.,
BocELLL, G. & SGARABOTTO, P. (1975). J. Chem. Soc.
Perkin Trans. 2, pp. 809-816.

DOMENICANO, A., VACIAGO, A. & CouLson, C. A. (1975).
Acta Cryst. B31,221-234.

FRITCHIE, C. J. JR (1969). J. Chem. Soc. A, pp. 1328-1334.

FRrITCHIE, C. J. JR & TRrus, B. L. (1968). J. Chem. Soc.
Chem. Commun. pp. 833-834.

KAHN-HARARL, A., BALLARD, R. E. & Norris, E. K.
(1973). Acta Cryst. B29, 1124—1126.

KoBavasHi, H. (1973). Bull. Chem. Soc. Jpn, 46, 2945—
2949,

KogBayasHi, H. (1974). Acta Cryst. B30, 1010-1017.

McDoweLL, J. J. H. (1969). Acta Cryst. B25, 2175-2181.

McDoWELL, J. J. H. (1970). Acta Cryst. B26, 954-964.

McDoweLL, J. J. H. (1975). Acta Cryst. B31, 2256-2264.

McDowELL, J. J. H. (1976). Acta Cryst. B32, 5-10.

McDoweLL, J. J. H. (1977). Acta Cryst. B33, 771-774.

MAIN, P, WooOLFsON, M. M. & GermaIN, G. (1974).
MULTAN. A Computer Program for the Automatic
Solution of Crystal Structures from X-ray Diffraction
Data. Univs. of York, England, and Louvain, Belgium.



1846

MALMSTROM, S. M. C. & CORDES, A. W.. (1972). J.
Heterocycl. Chem. pp. 325-330.

MaLmsTrROM, S. M. C. & CoORDES, A. W. (1973). J.
Heterocycl. Chem. pp. 715-720.

MARSEAU, P. (1971). Acta Cryst. B27, 42-51.

MARSEAU, P. & BUSETTA, B. (1973). Acta Cryst. B29,
986-991.

MARSEAU, P. & Cam, Y. (1973). Acta Cryst. B29, 980-986.

MARSEAU, P. & CaLas, M. R. (1971). Acta Cryst. B27,
2058-2062.

MARSEAU, P. & GAUTHIER, J. (1973). Acta Cryst. B29,
992-998.

PAPPALARDO, G., CONDORELLI, P. & RASPAGLIESI, M.
(1966). Gazz. Chim. Ital. 96, 1147—-1157.

Acta Cryst. (1980). B36, 18461855

THE STRUCTURES OF C,;H,N,0S AND C,H,CIN,S

PHELPS, D. W. & CORDES, A. W. (1974). Acta Cryst. B30,
2812-2816.

PHELPS, D. W. & CORDES, A. W. (1975). Acta Cryst. B31,
2542-2544.
SHELDRICK, G. (1975). SHELX. A program for crystal
structure determination. Univ. of Cambridge, England.
SINGHABHANDHU, A., ROBINSON, D. P., FANG, J. H. &
GEIGER, W. E. Jr (1975). Inorg. Chem. 14, 318-323.

STEWART, R. F., DAvVIDSON, E. R. & SiMpsoN, W. T. (1965).
J. Chem. Phys. 42,3175-3187.

Wakayama, N. 1. (1971). Bull. Chem. Soc. Jpn, 44,
2847-2848.

WILSON, A. J. C. (1942). Nature (London), 150, 151-152.

The Structures of Four Reaction Products of 1,2,2a,3,4,5-Hexahydropyrrolo-
[3,2,1-jk]carbazole with p-Chlorobenzenesulphonyl Azide
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Abstract

The crystal structures of 12-(p-chlorophenylsulphonyl-
amino)-6,7,10,1 1-tetrahydroazocino[ 1,2-alindol-
8(9H)-one, C,H,,CIN,0,S (I) [monoclinic, a =
10-404 (3), b = 9-091 (4), ¢ = 10-213(1) A, § =
102.48 (2)°, Z = 2, space group P2,, 2050 reflex-
ions, R, = 0-043], 14-(p-chlorophenyl)-8-( p-chloro-
phenylsulphonylamino)-13-oxa-14-thia-l,15-diazapen—
tacyclo[10.4.2.0%7.08:16_(12.16]octadeca-2.4,6,14-te-
traene S-oxide, C,(H,;CI,N;0,S, (II) [triclinic, a =
8-127(2), b = 12:476 (4), ¢ = 12.732(5) A, a =
100-73 (3), B=90-77 (3), y = 94-93 (3)°, Z = 2, space
group Pl, 2378 reflexions, R,, = 0-054], 6-( p-chloro-
phenylsulphonylamino)-2,2a,3,4,5,6-hexahydro-2a,6-
methano-1H-azeto[1,2-al[ 1]benzazocin-12-one,
CyH,sCIN,0,S (III) [triclinic, @ = 6-781 (2), b =
9-781(2), ¢ = 14-151(2) A, a = 98-88(2), § =
97-85(2), y = 96-74 (2)°, Z = 2, space group PlI,
2386 reflexions, R, = 0-044], and 8-(p-chloro-
phenylsulphonylamino)-4-hydroxyimino-1,2,3,4,5,6,7,-
8-octahydro-1,8-methanol 1]benzazecin-13-one  pyri-
dine solvate, C,,H,,CIN,0,S.C;H,N (I1V) ltriclinic,
a=9981(2),b=11624(2),c=13-088(2) A, a =

65:46 (1), B=T71-74 (1), y = 63-34 (2)°, Z = 2, space
group Pl, 2112 reflexions, R, = 0-057] have been
determined.

Introduction

p-Chlorobenzenesulphonyl azide  reacts with
1,2,2a,3,4,5-hexahydropyrrolo[3,2,1-jk]carbazole  in
CCl, in accordance with the scheme on page 1847
(Bailey, Scott & Vandrevala, 1980). The structures of
the products (I-1V) were determined by X-ray methods.

Experimental

Transparent plate-like crystals of all four compounds
were prepared. After survey photography by Weissen-
berg and precession techniques, the crystals were set up
on a Nonius CAD-4F, PDP8-controlled x-geometry
diffractometer which used Mo Ka radiation from a
graphite monochromator. Cell dimensions and the
orientation matrix were obtained by least squares from
the setting angles of 25 reflexions.
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