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N(1)-O(2) distance is 2-85 (2) A, whilst the N(2)—
O(1) distance is 2-88 (2) A. In both cases the hydrogen-
bond distance is less than 30 A, hence these bonds
play an important role in the packing of the molecules
in a unit cell. The unit cell consists of four molecules
with CI(1) and CI(2) as terminal atoms. The molecules
are arranged in two pairs held by van der Waals forces
of attraction and form columns along the screw axis as
a result of the intermolecular hydrogen-bond system.

Thanks are due to Professor K. C. Joshi for
providing all necessary laboratory facilities and to Dr
G. Shrivastava for academic discussions.
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Abstract. M, = 50451, triclinic, P1, a=9-565(2),
b=13-699 (3), ¢=9-463(2)A, a=96-95(2), f=
97.12(2), y=97-05(2)°, V=1209-34 A3 Z=2,
D, =1-385Mgm~3, A(CuKa)=1-5418 A, u(CuKa)
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=0-863 mm~!, F(000)=532, T=290(1)K, R=
0.-072 for 2469 observed reflections. The molecule
contains a seven-membered azepine ring which adopts a
distorted boat conformation such that the dihedral
angle between the best planes through the two dihydro-
pyridazino rings is 88.5° and thus reduces the
crowding of the ester groups on these rings.

© 1984 International Union of Crystallography
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Introduction. There is continued interest in reactions of
conjugated, seven-membered heterocyclic compounds.
In particular, their ability to act as two, four or six n
systems, or in some cases to react via a valence
tautomer, has led to a remarkable variety of cyclo-
addition reactions, which have recently been reviewed
(Mukai, Kumagi & Yamashita, 1981). While oxepines,
1 H-azepines, and 1H-1,2-diazepines have been exten-
sively studied, the 3H-azepine ring system has received
far less attention, although many simple derivatives are
now readily accessible. Recently two of us reported that
2-diethylamino-3H-azepine (1) reacts with the electron-
deficient tetrazine (2) to yield a product assigned
structure (3) on the basis of 'H NMR data (Seitz,
Kédmpchen & Overheu, 1978). This provides the only
report to date of twofold addition to a seven-membered
heterocycle. An X-ray crystal study was undertaken to
confirm the presence of the novel bisdihydro-
pyridazino[4,5-b:4',5'-d]azepine ring system, and to
study the geometry the molecule adopts in order to
relieve crowding of the ester groups on the 1,3-
butadiene moiety of (3).

Experimental. Yellow prisms from methanol. Crystal
0-12 x 032 x 0-37 mm. Hilger & Watts Y290 com-
puter-controlled four-circle diffractometer. Unit cell:
22 reflections, least-squares refinement. No absorp-
tion correction. Intensity measurements by w/28 scans,
count time per step 1 s, range of each scan 0:9°; 8,,,,, =
60°, h=—101to0 10, k=—15to 15,/=0to 10; 4510
reflections recorded including some Friedel pairs, 3545
unique, 1076 with I < 2¢(J) classified as unobserved,
R =0-0293. Intensity variation of three standard
reflections (510, 080, 333) < 1%. Structure solved by
direct methods using MULTANS80 (Main et al., 1980).
Structure refined (on F) by full-matrix least squares
using SHELX76 (Sheldrick, 1976). Final refinement
cycle included anisotropic thermal parameters for the
non-hydrogen atoms; all H atoms determined from a
difference Fourier map but included at calculated
positions, riding on their parent atoms; methyls treated
as rigid groups. Final R = 0-072, R,, = 0-074 for 2469
observed reflections, w = 8-134/[6*(F,) + 0-0025(F,)?].
Atomic scattering factors and values of /' and f”’ from
International Tables for X-ray Crystallography (1974).
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Max. 4/c generally <0-1 for both positional and
thermal parameters. Max. and min. heights in final
difference Fourier map 0-378 and —0-353 ¢ A=%. No
secondary-extinction correction applied. All cal-
culations performed on the University of York DEC 10
computer. Least-squares planes and torsion angles
calculated using XANADU (Roberts & Sheldrick,
1975). Figures drawn using ARTIST (Vallely, 1983).

Discussion, The final atomic coordinates for the
non-hydrogen atoms are listed in Table 1 and bond
lengths and angles in Table 2.* The molecular structure
of (4) is shown in Fig. 1 with the atomic numbering
used in the structure analysis. The structure deter-
mination has shown that (3) exists as its tautomer (4).
The seven-membered ring B exists in a distorted boat
conformation relative to the best plane (maximum
deviation 0-035 A) through atoms C(1), N(7), C(8) and
C(15), with C(6), C(9) and C(10) lying ~0-585,
—0.927 and —1-183 A respectively from this plane, the
average value of the standard deviations being 0-006 A.
The double bond is definitely localized at N(7)—C(8).
The endocyclic torsion angles for the azepine ring are
given in Fig. 2. The structural angles a and § between
the plane through C(1), N(7), C(8), C(15) and the two
planes C(1), C(6), N(7) and C(8), C(9), C(10), C(15)
are 50-7 (4) and 51-5 (4)° respectively (Fig. 2). These
compare with the values of 57 (1) and 32 (1)° observed
in two substituted 3H-azepines (Carstensen-Oeser,
1972). The conformation of the azepine ring has been
determined in several other molecules and generally
adopts a distorted boat conformation although the
corresponding endocyclic torsion angles with the
azepine group vary considerably (Paul, Johnson,
Paquette, Barrett & Maluska, 1968; Mattia, Mazzarella
& Puliti, 1982; Barnes, Golnazarians, Iball, Paton,
Paterson & Suschitzky, 1983). The dihedral angles
between the mean plane through the atoms C(1), N(7),
C(8), C(15) of the azepine ring and the dihydro-
pyridazine rings 4 and C are 75-9 (3) and 46-1 (3)°
respectively. The conformation of ring B is such that
rings A and C are approximately perpendicular [the
angle between the normals to the best planes through 4
and Cis 91-5 (4)°].

The dihydropyridazine rings 4 and C are both
non-planar. C(10) and N(13) are 0-41(1) and
0-21 (1) A out of the mean plane through C(11), N(12),
C(14) and C(15) (ring 4) and C(l) and N(4) are
0-16 (1) and 0-06 (1) A from the mean defined by C(2),
N(3), C(5) and C(6) (ring C).

* Lists of structure factors, anisotropic thermal parameters,
torsion angles and details of mean planes have been deposited with
the British Library Lending Division as Supplementary Publication
No. SUP 39612 (25 pp.). Copies may be obtained through The
Executive Secretary, International Union of Crystallography, 5
Abbey Square, Chester CH1 2HU, England.
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Table 1. Final atomic coordinates (x 10%) and equiva-
lent isotropic thermal parameters (x 10*) with e.s.d.’s in

parentheses

Ueq =4(U,, + Uy + Usy + 2U, 5 cosa + 2U 5 cosf + 2U , cosy).

c
c@

N(3)

N(4)

C(5)

C(6)

N(T

c(8)

c©)

c(10)
c(1)
N(12)
N(13)
c(14)
C(15)
c(16)
o(17)
o(18)
c(19)
C(20)
oQen
0(22)
C(23)
C(24)
0(25)
0(26)
c@n
C(28)
0(29)
0(30)
@3
N(32)
C(33)
C(34)
C(35)
C(36)

Fig. 1. Stereoview of the molecular structure showing the atomic

Fig. 2. Endocyclic torsion angles (°) (e.s.d.’s ~0-4°) of the seven-

X
3442 (4)
3955 (4)
4953 (3)
5532 (4)
5033 (4)
4008 (4)
3503 (4)
2216 (4)
1101 (5)
1215 (4)
—250(4)

-1093 (3)
-561(3)
918 (4)
1828 (4)
3411 (4)
2717 (3)
3794 (3)
3265 (6)
5679 (4)
5470 (4)
6521 (3)
7171 (6)
—799 (4)
~103 (3)
-2141(3)
~2716 (6)
1221 (4)
288 (3)
2563 (3)
2939 (5)
1812 (4)
385 (5)
—597(7)
2844 (6)
3735 (8)

y Zz
3577 (3) 1071 (4)
3687 (3) —346 (4)
3249 (2) —851 (4)
2588 (3) —133(4)
2266 (3) 1088 (5)
2689 (3) 1691 (5)
2440 (3) 2907 (4)
2059 (3) 2948 (4)
1703 (3) 1656 (5)
2302 (3) 375 (5)
2284 (3) ~426 (4)
2922 (2) —175 (4)
3680 (3) 988 (4)
3980 (3) 1334 (5)
3366 (3) 941 (4)
4438 (3) —1185 (%)
5042 (2) —688 (3)
4408 (2) —2495 (4)
5117 (4) —3364 (6)
1430 (3) 1623 (5)
1080 (3) 2693 (4)
1072 (2) 720 (4)

227 (4) 1090 (6)
1471 (3) —1576 (4)

828 (2) —1931 (4)
1468 (2) -2150 (3)
630 (4) -3223(D)
5001 (3) 2142 (5)
5495 (2) 2326 (4)
5286 (2) 2674 (3)
6299 (3) 3405 (5)
1925 (3) 4244 (a)
1487 (4) 4449 (6)
2275 (5) 4639 (9)
2275 (4) 5554 (5)
1492 (5) 5958 (7)

numbering scheme.

c(10)

membered azepine ring.

Ueo(AY)

392
383
432
489
406
418
461
407
484
394
360
421
455
405
350
408
549
589
687
489
830
661
709
394
609
531
717
445
749
511
528
546
633
1079
661
978

C 22H28N608

The crystal-packing diagram (Fig. 3) shows the
presence of intermolecular hydrogen bonding between
N(4)---N(12) [N(12) at x — 1, y, z] and N(13)---O(17)
[O(17) at —x, 1—y, —z] with hydrogen-bonding
distances of 3-20 (1) and 2-87 (1) A respectively. There
are also a number of intramolecular contacts which

Table 2. Interatomic distances (A) and angles (°)

C(H-C(2) 1.502 (6) C(14)-C(15) 1.336 (6)
C()-C(6) 1-540 (6) C(14)-C(28) 1.487 (5)
C(D-C(i5) 1.522 (5) C(16)-0(17) 1.210(5)
C(2-N(3) 1.298 (5) C(16)-0(18) 1.333(6)
C(2)-C(16) 1.478 (6) O(18)-C(19) 1.445 (7)
N(3)-N(4) 1-330 (5) C(20)-0(21) 1199 (D
C(5)-C(6) 1-350 (6) C(200-0(22) 1.337 (6)
C(5)-C(20) 1-478 (6) 0(22)-C(23) 1.438(7)
C(6)-N(7) 1:366 (6) C(24)-0(25) 1-208 (5)
N(1)-C(8) 1-284 (5) C(24)-0(26) 1.330 ()
C(8)-C(9) 1-508 (5) 0(26)-C(27) 1.454 (6)
C(8)-N(32) 1.357 (6) C(28)-0(29) 1.202 (5)
C(9)-C(10) 1-552 (6) C(28)-0(30) 1.312(5)
Cc(1o-can 1-504 (5) 030)-C(31) 1-455 (5)
C(10-C(15) 1-509 (5) N(32)-C(33) 1.467 (6)
C(I1-N(12) 1-301 (5) N(32)-C(35) 1.475 (6)
C(1D-C(29) 1.457 (5) C(33)-C(34) 1:523 (9)
N(12)—-N(13) 1.357 (4) C(35)-C(36) 1.507 (10)
N(13)-C(14) 1.410 (5)

N{4)-C($5) 1.402 (6)

C(6)-C(1)-C(2) 110-1 (3) N(13)-C(14)-C(28) 110:6 (3)
C(15)-C(H-C) 112-8 (3) C(15)-C(14)-C(28) 129-2(3)
C(15)-C()-C(6) 106-0 (3) N(13)-C(14)-C(15) 120-2 (3)
C(16)-C(2)-C(1) 118-3 (4) C(10)-C(15)-C(14)  117:2(3)
C(16)-C(2)—N(3) 115-6 (4) C(H-C(15-C(10) 114:3 (3)
N(3)=-C(2)-C(1) 1257 (4) C(H-C(15-C(14) 128-5 (3)
N(4)-N3)-C(2) 119-3 (4) C(2)-C(16)-0(17 121.9 (4)
N(3)-N(4)-C(5) 123.2 (4) C(2)-C(16)-0(18) 114.2 (4)
N(4)-C(5)-C(6) 121-0 (4) C(16)—0(18)—C(19)  116-1(4)
N(4)-C(5)-C(20) 115-5 (4) C(5-C0-021) 126-4 (4)
C(6)-C(5)—-C(20) 123-5 (4) C(5)—C(20)-0(22) 110-8 (4)
C(1)-C(6)-C(5) 119-1(4) 0(21)-C(20)-0(22) 122-8(4)
C(1)-C(6)-N(7) 116-2 (4) C(20)-0(22)-C(23) 116:3(4)
C(5)—-C(6)-N(7) 124.4 (4) C(11)—C(24)>-0(25) 122:2(3)
C(6)-N(71)-C(8) 1242 (3) C(11)-C(24)-0(26) 114-7(3)
N(7)-C(8)—-C(9) 125-4 (4) 0(25)—C(24)-0(26) 1229 (3)
N(7-C(8)-N(32) 118-6 (4) C(24)-0(26)-C(27)  116:9(4)
C(9-C(8)-N(32) 116-0 (4) C(14)-C(28)-0(29) 121-7(3)
C(8)-C(9)-C(10) 114-9 (3) C(14)-C(28)-0(30) 114-4 (4)
C(O)-C(10)-C(15) 109-3 (3) 0(29)-C(28)-0(30) 123-8 (4)
C(-CUO-C(1n 109-0 (3) C(28)-0(30)-C(31}  117-:0(3)
C(1DH-C(10)-C(15) 108-7(3) C(8)-N(32)-C(33) 124.4 (4)
C10)-CUD)-N(12)  123-0(3) C(8)-N(32)-C(35) 118-7(4)
C(10)-C(11N-C(24) 118-7(3) C(33)-N(32)-C(35) 116-8 (4)
N(12)-C(11)-C(24) 118:1(3) N(32)-C(33)-C(34) 111:6(4)
CUID-N(12)=N(13)  117-4(3) N(32)-C(35)-C(36) 1122 (4)
N(12) N(13)-C(14)  120-9 (3) O(IT)-C(16)-0(18)  123-8(4

Fig. 3. View of the packing in the unit cell. The dotted lines indicate
intermolecular hydrogen bonds.
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play an important role in the molecular packing. There
are five intramolecular contacts between the ring N
atoms and the O atoms of the ester groups: N(3)---
0O(18) 2-601 (7), N(4)---0(22) 2-560 (8), N(7)---O(21)
2-814 (9), N(12)---0(26) 2-627 (6) and N(13).--0(29)
2-633 (8) A. In addition there is a short contact
between O(17) and O(30) [3-182 (6) A] of the ester
groups of rings 4 and C respectively.
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Reinvestigation of the Structure of Thiourea §,S-Dioxide, CH,N,0,S
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Abstract. M, =432.46, orthorhombic, Pnma, a=
10.644 (2), b=10-106 (3), c=3-9348(4) A, V=
423.27A% Z=4, D,=166, D, ,=1.697gcm™3,
A(Mo Ka) =0-7093 A, u=5-89 cm~!, F(000) =224,
T=298K, R=0-046 for 562 observed reflections.
The C—S bond length 1-8615 (4) A, close to that of the
previous investigation, is much longer than that in
thiourea at 123 K [1-716 (8) Al. This indicates weaken-
ing of the C—S bond upon the oxidation of thiourea.
The two crystallographically independent N—H:-.O
hydrogen bonds are roughly equal [2-84 Al.

Introduction. The structure of the title compound has
been determined by Sullivan & Hargreaves (1962)
using Weissenberg photographs. This work presents the
redetermination using a CAD-4 diffractometer in order
to obtain better parameters. We are interested in the
rather long C—S bond length, —SO, conformation and
the intermolecular hydrogen bondings.

Experimental. Sample prepared by oxidation of
thiourea using hydrogen peroxide. Crystals grown from
water, 0-4 x 0.47 x 0.-13 mm, CAD-4 diffractometer,
unit cell: 20 reflections, 26 range 15 to 40°. D,, by
flotation (CHCI;/CHBTr,). 26,5, = 60°. Two equivalent
sets hkl, hkl averaged to yield 649 unique reflection

* To whom correspondence should be addressed.

0108-2701/84/111937-02$01.50

data with 2(4I/D) of 0-6%, where AI indicates the
difference between the sets, I the arithmetic average
intensity of the equivalent sets; the summation is over
all the reflections measured. A <14, k<14, [ <4.
Three standard reflections monitored every 0-5h;
variation 2%. 562 observed with I > o(7). Empirical
absorption correction based on y scans from four
reflections with 28 values from 8 to 42°. H atoms (from
AF map) refined isotropically, remainder aniso-
tropically, function minimized JXw(F,—F.)’ R=
0.046, R,=0-027, S = 3-89; weighting scheme from
counting statistics. (4/6)ma = 0-9 (for H atom). Peaks
on final dp map 0.-95e¢A-3 (around S atom).
Secondary-extinction coefficient 0-241 (length in um).
Atomic scattering factors from International Tables for
X-ray Crystallography (1974). Computing programs:
NRCC SDP PDP-11 package (Gabe & Lee, 1981).

Discussion. The atomic coordinates and isotropic
temperature factors are shown in Table 1.F The bond
lengths and angles are approximately the same as those
of the previous work (Sullivan & Hargreaves, 1962).
The only significant differences are in the hydrogen

 Lists of anisotropic thermal parameters and structure factors
have been deposited with the British Library Lending Division as
Supplementary Publication No. SUP 39624 (7 pp.). Copies may be
obtained through The Executive Secretary, International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.
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