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Two Polymorphs of 4,5-Dichloro-6(1H)-pyridazinone
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Abstract. C,H,CLLN,O, M, = 164-99; form (I): mono-
clinic, P2,/e, a=5-1967(12), b=9-046 (2), c=
12:901 (3) A, B =100-090 (15)°, ¥ =597-1(2) A3,
Z=4,D,=184gcm™ Mo Ka,A=0-71069 A, u =
9-93 cm™!, F(000)= 328, T=163K, R=0.028 for
1552 reflections; form (II): monoclinic, P2,/c, a
=5-3384 (7), b=13-827(2), c=17-9107 (12) A, f=
94.397 (14)°, V=1582.20(14)A’>, Z=4, D, =
1.88 gem™3, Mo Ka, 4=0-71069 A, u=10-18 cm™,
F(000) =328, T=163 K, R=0-025 for 1597 reflec-
tions. The compound, in each form, exists in the oxo
form and crystallizes as hydrogen-bonded dimers.
Infinite layers of dimers result from C—H---O- and
C—H---Cl-type H bonds for forms (I) and (II),
respectively [H---O 2-25 (2), C---O 3-076 (2); H---Cl
2-74 (2), C---Cl 3-534 (1) A]. There are only minor
differences in the bond distances and angles of the two
forms.

Introduction. Syntheses of many heterocyclic systems
containing a pyridazine ring rely on the pivotal and

0108-2701/85/121807-04%01.50

highly versatile starting material 4,5-dichloro-6(1H)-
pyridazinone. For example, syntheses of 2,3-diaza-
phenothiazines (Yoneda, Ohtaka & Nitta, 1965, 1966;
Scapini, Duro & Pappalardo, 1968; Maki, Suzuki,
Toyota & Takaya, 1973) and the isosterically related
phenoxathiins (Womack, Martin, Martin & Smith,
1982; Musmar, Martin, Lynch & Simonsen, 1985) have
been based on this precursor. Electronically, the 4-halo
substituent is the most readily displaced, and the
molecule behaves like a S-halovinyl ketone (Benson &
Pohland, 1964). Interestingly, when 4,5-dichloro-
6(1H)-pyridazinone was reacted with the disodium salt
of 2-mercaptophenol (Womack et al., 1982) both of the
possible phenoxathiins, 1-oxo-1,2-dihydro- and 4-oxo-
3,4-dihydro-2,3-diazaphenoxathiin, were formed. The
pathway for the reaction was hypothesized to be via a
Smiles rearrangement (Truce, Kreider & Brand, 1970)
which would require the pyridazinone to be in the oxo
form throughout the reaction rather than in its hydroxy
tautomeric form. In an effort to support partially the
proposed reaction pathway, we report the crystal
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structures of the title compound. In an attempt to
obtain a suitable sample, we observed two different
crystalline modifications. The structures were deter-
mined for the two modifications because of the
possibility that several of the different tautomeric forms
had crystallized.

Experimental. The title compound was synthesized
according to the procedure of Mowry (1953). Form (I):
colorless, block-like crystal, 0-31 x 0-24 x 0-46 mm,
from ethanol. Form (II): faintly pink plate-like crystal,
0-24 x 0-58 x 0-56 mm, from chloroform. Identical
experimental conditions for both form (I) and form (II).
Syntex P2, diffractometer, graphite monochromator,
Syntex LT-1 low-temperature delivery system. Lattice
parameters from least-squares refinement of setting
angles of 45 reflections [26 range 22.7-29-6° for form
- () and 24.0-29-9° for form (II)]. Space group
uniquely determined from systematic absences. w-scan
technique [1754 unique reflections for form (I) and
1695 unique reflections for form (II)], 28 range 4-60°,
1° w scan at 3-6°min~! [k0to 7, k0to 12,/ —18 to
17 for form (I); 0 to 7, k0 to 19,/ —11to 11 for form
(ID]. Four reflections [020, 006, 121, 100 for form (I)
and 040, 400, 111, 002 for form (IT)] remeasured after
every 96 reflections to monitor instrument and crystal
stability. Decay correction on I of <0-02 for form (I)
(Henslee & Davis, 1975). No decay correction for form
(II). Data corrected for Lp effects and absorption
[based on crystal shape; transmission-factor range
0-75-0-82 for form (I) and 0-61-0-82 for form (II)].
Data reduction described in Riley & Davis (1976).
Reflections having F, < 40(F,) considered unobserved
[202 for form (I) and 98 for form (II)]. Structures
solved using MULTAN78 (Main, Hull, Lessinger,
Germain, Declercq & Woolfson, 1978) and refined by
full-matrix least-squares procedures with anisotropic
thermal parameters for non-H atoms. H atoms located
from a difference map and refined with isotropic
thermal parameters. 90  parameters refined.
2Iw(1 F,I—1F,1)?] minimized, where w = 1/[o(F,)]?
and o(F,) = 0-5(kD)~"*{[a(D)]* + (0-041)*}"2 Intensity,
I, given by (Ipcax—Ibackground) (Scan rate); 0-04 is a factor
used to downweight intense reflections and to account
for instrument instability and % is the correction due to
Lp effects, absorption and decay. o(J) estimated from
counting  statistics; o(J) = (scan  rate) (Jpes +
Lackgrouna)?. Final R =0-028 for 1552 reflections,*
with wR = 0-040 (R,, = 0-033, wR,, = 0-041) and a
goodness of fit of 1-50 for form (I), while for form (II)
the final R = 0-025 for 1597 reflections, wR = 0-042

* Lists of anisotropic thermal parameters, least-squares planes
and structure factor amplitudes have been deposited with the British
Library Lending Division as Supplementary Publication No. SUP
42355 (22 pp.). Copies may be obtained through The Executive
Secretary, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.

TWO POLYMORPHS OF 4,5-DICHLORO-6(1H)-PYRIDAZINONE

Table 1. Positional and thermal parameters for atoms
of both forms of 4,5-dichloro-6(1 H)-pyridazinone

For anisotropic atoms Ueq = %)_,-}_J.U,.ja"}a"}a,..aj.

X y 4 Ueq,UiSD(Az)
Form (I)
Cl(4) 0-75247 (7) 0-05292 (4) —0-11518 (3) 0-02919 (12)
CI(5) 0-73791 (6) 0:22367 (4) 0-10314 (3)  0-02449 (11)
0(6) 0-2877 (2) 0-43257 (11) 0-07665(7)  0-0217 (3)
N(1) 0-1361 (2) 0-37831 (14) —0-09511(9)  0-0208 (3)
N(2) 0-1410 (2) 0-31240(15) —0-18851(9)  0-0245 (3)
C(3) 0-3272 (3) 0-2171(2) —0-19100(11) 0-0249 (4)
C4) 0-5198 (3) 0-1823(2) —0-10159(11) 0-0204 (4)
C(5) 0-5146 (3) 0-2527(2) —0-00877(11) 0-0188 (3)
C(6) 0-3099 (3) 0-36072 (15) —0-00328 (10) 0-0179 (3)
H(N1) 0-011 (3) 0-435 (2) —0-0953 (14) 0-023 (4)
H(C3) 0-325 (4) 0-169 (2) —0-262 (2) 0-037 (5)
Form (II)
Cl(4") 0-19343 (5) 0-18564 (2) 0-03907 (4)  0-02625(10)
CI(5") 0-26202 (5) —0-03412(2) 0-16228 (4)  0-02558 (10)
0(6') 0-7242(2) —0-05343(7) 0-39885 (12) 0-0257 (3)
N(1") 0-8273 (2) 0-10642 (8) 0-39655(14) 0-0235 (3)
N(2') 0-7962 (2) 0-19970 (8) 0-35167 (15) 0-0267 (3)
C(3") 0-6047 (2) 0-22025 (9) 0:2463 (2) 0-0242 (3)
C@4") 0-4324 (2) 0-14878 (8) 0-18041 (14) 0-0197 (3)
C(5") 0-4639 (2) 0-05540 (8) 0-23054 (14) 0-0185(3)
C(6") 0-6778 (2) 0-02943 (9) 0-34732 (15) 0-0198 (3)
H(N1") 0-979 (4) 0-093 (2) 0-454 (3) 0-044 (5)
H(C3") 0-592 (3) 0-2865 (13) 0-220(2) 0-030 (4)
(R =0-027, wR,,=0-043) and goodness of

fit of 1-75. Max 14/61 <0-01 in the final refinement
cycle for both structures and the min. and max. peaks
in the final difference map were —0-30 and 0-42e A3,
respectively, for form (I) and —0-28 and 0-56e A3,
respectively, for form (II). Scattering factors for
the non-H atoms from Cromer & Mann (1968) with
anomalous-dispersion corrections from Cromer &
Liberman (1970), while scattering factors for the H
atoms from Stewart, Davidson & Simpson (1965);
linear absorption coefficient was calculated using values
from International Tables for X-ray Crystallography
(1974). The least-squares-planes program was supplied
by Cordes (1983); other computer programs are listed
in reference (IT) of Gadol & Davis (1983).

Discussion. Positional and thermal parameters are
listed in Table 1 with the atoms of form (II) labeled with
a prime. Bond distances with the atom-labeling scheme
are shown in Fig. 1(a) while the bond angles are shown
in Fig. 1(b). Views of the H-bonding network for forms
(1) and (II) are shown in Figs. 2 and 3, respectively.
There are only very minor differences in the bond
distances and angles of the molecules of the two forms
and, therefore, they will be discussed together.

The title compound can exist in one of four possible
tautomeric forms as represented in Fig. 4. Tautomer (a)
more closely describes the observed structures. The
C—O distances are clearly indicative of a carbonyl
group although slightly elongated due to H bonding.
O(6) is within H-bonding distance of H(N1) and N(1)
[related by —x, 1—p, —z in form (I) and by 2—x, —p,
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1—z in form (II)] with distances of 2.01(2) and
2.830 (2) A, respectively, in form (I), and 1:97 (2) and
2.881 (1) A, respectively, in form (II). There does
appear to be some delocalization of electron density
around the ring. The distances between C(5) and C(6)
are in the normal range for a C(sp?)—C(sp?) single
bond while the C(2)—C(4) distances are short for this
type of interaction, indicating some partial double-bond
character. In addition, N(1) is coplanar with the atoms
bound to it, N(2), C(6) and H(NI), implying sp®
hybridization and thus some delocalization of its lone
pair of electrons through the 7 system of the molecule.
The geometry of the rings is quite similar to that of
4,5-dichloro-3,6-pyridazinedione ~ (Ottersen, 1973)
which exists as the monolactim tautomer. There are
also only minor changes in the ring geometry upon

1.7067(13)
1.7019(12)

1.7135(15)
() 1.7084(11)

1.456(2)

1.457(2) ofel A~

1.241(2)

1.235(2)
CL43] CL6]
1.424(2) 1.367(2)
1.422(2) 1.369(2)
g NCLD
101%3] (] 1.349(2) A 0.82(2)
- 0.91(2)

1.301(2)
1.300(2)

127.66
127.80

123.16

Fig. 1. (a) View of molecule of form (I) showing the atom-labeling
scheme with bond distances (A). (b) Same view as in (@) showing
bond angles (°) (e.s.d.’s are in the range 0-09-0-13° for non-H
atoms and [-1-1-3° for angles involving the H atoms). Values
for atoms of form (I1) are located below those of form (I).
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replacement of the Cl atoms with S and O in
4-oxo0-3-phenyl-3,4-dihydro-2,3-diazaphenoxathiin
(Kimura, 1980) and with S and N in 1-oxo-1,2-dihydro-
and 4-oxo0-3,4-dihydro-2,3-diazaphenothiazine (An-
dreetti, Bocelli & Sgarabotto, 1974, 1980).

The pyridazinone rings are planar. The CI atoms lie
on opposite sides of the plane in both forms. The
Cl---Cl and the CI.--O intramolecular distances are
3.2248 (8) and 2-980 (1) A, respectively, in form (I),
and 3-2040 (4) and 2-993 (1) A, respectively, in form
(II), which are less than the sum of their van der Waals
radii (Bondi, 1964). The staggered arrangement of the
Cl atoms and the values of the exocyclic angles at C(4),

Fig. 2. View of one layer of molecules of form (I) showing the
H-bonding network and the orientation in the unit cell.

’DO
[«
P

A s
o 1%
a.g,z;' B

Fig. 3. View of one layer of molecules of form (I1I) showing the
H-bonding network. The orientation of the unit cell is the same as
that in Fig. 3.

cl cl c . a
uﬁ/j\o‘ c UOH cl Wo c o
X P T
»\H '1];
H
(a) (&) (c) (d)

Fig. 4. Representation of the tautomeric equilibria possible for
4,5-dichloro-6(1H)-pyridazinone.
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C(5) and C(6) are suggestive of unfavorable steric
interactions between the Cl atoms and between CI(5)
and O(6). The Cl---Cl distance is within the range of
values observed for the S...S distances in thianthrenes.
Although the H-bonded dimers lie around a center of
symmetry in both forms, the relative orientation of these
dimers is different. This difference in orientation arises
from what appear to be C—H(C3)---X-type H bonds,
where X is O(6) in form (I) and CI(5) in form (II). In
form (II), the molecules with short C—H---ClI contacts
are nearly parallel with each other, having a dihedral
angle of 18-02 (4)° between the ring planes. While in
form (I), molecules with short C—H---O contacts are
nearly perpendicular to each other, having a dihedral
angle of 86.50 (5)° between the ring planes. Such an
orientation minimizes Cl---Cl contacts between dimers
separated by a translation in b (Fig. 2). In form (I), the

H(C3)---0O(6) and the C(3)---O(6) contacts are
2-25(2) and 3-076 (2) A, respectively, while the
C—H:--O angle is 176 (2)°. In form (II), the

H(C3)---Cl(5) and C(3)---CI(5) contacts are 2-74 (2)
and 3-534 (1) A, respectively, while the C—H-.-Cl
angle is 142 (1)°. The H(C3).--X contacts are sig-
nificantly less than the sum of the van der Waals radii
(2-95 A for Cl---O and 2-7 A for O---H, Bondi, 1964).
The fact that in both forms short H(C3)---X contacts
are observed is suggestive that these interactions are
attractive. It has been observed that molecules with
C—H groups adjacent to N atoms frequently have short
C—H---X contacts where X is O, N or Cl (Taylor &
Kennard, 1982). The C—H---X-type H bonding results
in the formation of infinite layers of interconnected
dimers parallel to the bc plane in form (I) and lying at
an angle of 38-07 (1)° to the ab plane in form (II).

The authors would like to thank the Robert A. Welch
Foundation, grants No. F-017 to SHS and E-792 to
GEM, for support of this work.
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Structiire and Stereochemistry of (+)-Demethoxycarbonyl-3a- and -3f-nauclechine
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Abstract. Demethoxycarbonyl-3a-nauclechine (la) as
an ethyl acetate solvate, C,H,,N;0.0.5C,H 0,, M,

=349.4, monoclinic, P2,/e, a=11.255(1), b=
11-515(2), c=13-657 (4)A, B=91-29(2)°, U=
1769 A%, D,=131Mgm=3, Z=4, A(MoKa)=

0108-2701/85/121810-05%01.50

0-71069 A, u=0-0801 mm~', F(000)= 744, T=
298 K, R =0-072 (wR =0-091) for 1369 reflections
with 7> 2.50(I). Demethoxycarbonyl-34-nauclechine
(2a) as a monohydrate, C,(H,,N;0.H,0, M, = 323-4,
monoclinic, P2,/c, a=8-253 (4), b= 18-449 (6), ¢

© 1985 International Union of Crystallography



