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The Structure of 6,9-Dichloro-2-methoxyacridine
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Abstract

6,9-Dichloro-2-methoxyacridine (DCMA), C,H,Cl,-
NO, is triclinic, PI, with a = 7-735 (1), b = 8651
(1), ¢ = 10-344 (1) A, a = 95-63 (1), f = 101-80 (1),
y = 113.25(1)°, U = 603-7A% Z = 2; D, =
1-52 (2), D, = 1-530 Mg m~3, F(000) = 284, A(Cu
Ka) = 1-5418 A, u = 4.701 mm~'. 2428 reflections
were measured, of which 1999 had significant
intensities. Refinement by full-matrix least-squares
methods gave a final R factor of 0-040. The structure
consists of centrosymmetrically related, stacked
molecules. The acridine mucleus is slightly buckled,
and does not show mirror symmetry along the
C(9)—N(10) line. The addition of the Cl atom at C(9)
has produced significant shortening in adjacent bonds,
compared to acridines with a Cl atom at C(6) alone.

Introduction

The biological activity of acridine derivatives is often
manifest in their mutagenic properties. These have been
attributed (Albert, 1966; Waring, 1972; Neidle, 1979),
at least in part, to interactions with nucleic acids,
particularly DNA. The hypothesis (Lerman, 1961) that

0567-7408/82/010159-04801.00

the planar chromophore common to the acridines is
involved in stacking interactions with the planar
pyrimidine—purine base-pairs, has received support
from a large body of physical and biological data,
including X-ray crystallographic studies on dinucleo-
side complex-model systems [for example Berman ez al.
(1979)1.

The present study reports crystallographic data on
an acridine derivative with two chlorine substituents;
several analyses have been documented on 6-chloro-
substituted acridines (for references see the discussion
section), and one on 9-chloroacridine (Achari &
Neidle, 1977). This analysis reveals the electronic effect
of dichloro substitution on the acridine-ring-system
geometry and the stacking properties of the planar
chromophore. The relationship of these to mutagenic
activity is currently being explored in these
laboratories.

Experimental

Pale-yellow elongated prisms of DCMA were grown
from ethanolic solution. Preliminary oscillation and
Weissenberg photographs indicated triclinic symmetry.
Accurate cell dimensions were obtained from measure-

© 1982 International Union of Crystallography
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ment of 25 6 values on an Enraf-Nonius CAD-4
diffractometer. Space group Pl was confirmed by the
structure analysis.

A crystal of approximate size 0-3 x 0-1 x 0-1 mm
was employed for data collection. Intensity data were
collected on a CAD-4 diffractometer using an w-26
scan technique. A total of 2428 reflections were
measured with Cu Ka radiation (1-5 < 8 < 70-0°) and
of these, 1999 were considered to have significant
intensity [I > 2-50([)]. A periodic check on three
standard reflections showed that there was no crystal
decomposition during data collection.

The structure was solved by direct methods with
MULTAN (Germain, Main & Woolfson, 1971),
implemented on the Enraf-Nonius SDP program
system. Full-matrix least-squares refinement of all
non-hydrogen-atom positional and anisotropic thermal
parameters, together with H-atom positional and
isotropic thermal parameters, converged to a final R of
0.040, and R, of 0-056 for the 1999 observed
reflections. The positions of all the H atoms had
previously been observed in a difference Fourier

Table 1. Non-hydrogen-atom positional parameters
(x10%), and equivalent isotropic thermal parameters

Beq=4(B,, + By, + Byy).

THE STRUCTURE OF 6,9-DICHLORO-2-METHOXYACRIDINE

synthesis. Weights used were of the form w=1/
lo*(F,) + 0-03F2]. Coordinates and thermal param-
eters are given in Tables 1 and 2.* All calculations were
carried out using the SDP package, implemented on a
PDP 11/34A computer.

Results and discussion

The molecular structure of DCMA is shown in Fig. 1,
together with the numbering scheme employed. Tables
3 and 4 detail the bonding geometry of the molecule.

* Lists of structure factors and anisotropic thermal parameters
have been deposited with the British Library Lending Division as
Supplementary Publication No. SUP 36252 (19 pp.). Copies may
be obtained through The Executive Secretary. International Union
of Crystallography. 5 Abbey Square. Chester CH1 2HU. England.
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Fig. 1. The molecular structure of DCMA showing the atomic
numbering.

x y z B, (AY)
Cl(1) 5484 (1) 8600 (1) 1108 (1) 4-93 (1)
Cl(2) 5489 (1) 1540 (1) 3930 (1) 4.31 (1
0(2) 10386 (2) 3274 (2) 8786 (2) 5-18 (3)
N(10) 8592 (2) 7363 (2) 5454 (2) 3-45(3)
(1 8461 (3) 3366 (3) 6652 (2) 3-82 (4)
C() 9783 (3) 4119 (3) 7874 (3) 4.15 (4)
Cc@3) 10698 (3) 5961 (3) 8298 (3) 4.15(5)
C) 10273 (3) 6977 (3) 7506 (2) 3.83(5)
C(5) 7029 (3) 7842 (3) 3414 (2) 3.66 (4)
C(6) 5770 (3) 7198 (3) 2161 (2) 3-85(4)
c 4665 (3) 5389 (3) 1651 (2) 3.75(4)
C(®) 4932 (3) 4269 (3) 2401 (2) 3.54 (4)
Cc9) 6662 (3) 3760 (2) 4519 (2) 3.26 (4)
can 8916 (3) 6255 (2) 6203 (2) 3.33(4)
C(12) 7991 (3) 4411 (2) 5790 (2) 3.39 (4)
C(13) 6263 (3) 4843 (2) 3710 (2) 3.24 (4)
C(14) 7314 (3) 6679 (2) 4225 (2) 3274
C(2Me) 9445 (4) 1418 (3) 8490 (3) 5-87(6)
Table 2. Hydrogen-atom positional parameters (x10%)
and isotropic thermal parameters
x y z B (A%
H(1) 784(3)  217(3)  638(2)  4.9(6)
H(3) 1156 (3) 636 (3)  915(3)  6-2(D)
H(4) 1093(3)  829(3) 780(2)  4-5(5)
H(5) 771(3)  906(3)  377(2)  4-4(5)
H(7) 382(3)  509(2) 78(2)  3-7(5)
H(8) 421(3)  307(3) 204(2)  5-0(6)
H1(Me) 959 (3) 100 (3) 764 (3) 6-4(7)
H2(Me) 801 (4) 98(3) 846(3)  7-9(8)
H3(Me) 1012 (4) 113 (3) 926 (3) 8-0(8)

The average C—H bond distance is 0-96 (2) A.

Table 3. Bond distances (A) in DCMA, together with
distances in other acridine structures

DCMA (a) (b) (c) (d)

CIi(1)-C(6) 1-744 (1) 1.726  1.743  1.738

Cl(2)-C(9) 1-730 (1) 1-744
C(1)—-C(2) 1.360(2) 1-359 1370 1-363 1-381
C(1)-C(12) 1-418(2) 1-420 1.418 1.420  1-421
C(2)-C(3) 1.427(2) 1.410 1-395 1.409  1-409
C(2)-0(2) 1.360(2) 1380 1-371 1-366

C(3)-C@4) 1.338(2) 1-350 1-340 1-361 1-355
C(4)—-C(11) 1:430(2) 1-414  1.422  1.433 1-437
C(5)-C(6) 1.361(2) 1.364 1-345 1.360 1-358
C(5)—C(14) 1-416(2) 1.413  1-425 1-428  1.433
C(6)—-C(7) 1.420(2) 1-402 1-395 1-406 1.416
C(N—C(8) 1.343(2) 1.357 1.359  1.357 1.361
C(8)—C(13) 1.426 (2) 1430 1-418 1.437 1.429
C(9)-C(12) 1.395(2) 1-449  1-441 1-425  1-407
C(9)-C(13) 1.389(2) 1.431 1421 1-419  1.397
N(10)-C(11) 1-340(2) 1-362 1-356 1.352  1.338
N(10)-C(14) 1.349(2) 1-356  1-350  1-34] 1.362
C(11)-C(12) 1.435(2) 1-408 1-414 1.421 1-449
C(13)- C(14) 1.437(2) 1.425 1.428  1.437 1.434
C(2Me)-0(2) 1-431(2) 1.417 1-416 1.422

(@) Quinacrine;  6-chloro-9-{|4-(diethylamino)- I-methylbutyl]-
amino}-2-methoxyacridine (Courseille. Busetta & Hospital. 1973).
E.s.d.’s range from 0.003—0.004 A.

(b) ICR-191-OH: 2-]3-(6-chloro-2-methoxy-9-acridinylamino)-
propylaminolethanol (Carrell, 1972). E.s.d.’s average 0-003 A.

(¢) ICR-170-OH: 2-[3-(6-chloro-2-methoxy-9-acridinylamino)-
propyl(ethyl)aminolethanol (Berman & Glusker. 1972). E.s.d.'s
average 0-006 A.

(d) 9-Chloroacridine (Achari & Neidle. 1977). E.s.d.'s average
0-006 A.
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The acridine nucleus of DCMA does not show exact
mirror symmetry along the C(9)—N(10) line, as has
been found for simple acridines such as 3,6-diamino-
acridine (Jones & Neidle, 1975). This is not unexpected
in view of the electronic effect of the non-symmetrical
ring substitution pattern. Thus, bonds C(5)—C(6) and
C(3)—C(4) differ in length by over 10c: other pairs

Table 4. Bond angles (°) in DCMA

C(2)-C(H-C(12) 120-0(1)  CUD=N(10)-C(14) 117-8 (1)
C(DH-C(2)-C(3) 120-5(1) NU0O)-C(11)-C(4) 118:2(1)
C(DH)-C(2)-0(2) 125:9(1) N@0)—C(11)-C(12) 124-5(1)
C(3)-C(2)-0(2) 113-6(1) C@)-C(11)-C(12) 117-2(1)
C(2)-C(3)-C(4) 120:8(1) C(1)-C(12)—C(9) 124-2(1)
C(3)—-C4)-C(11) 121:5(1) C(1)-C(12)-C(11) 120-0(1)
C(6)—C(5)—C(14) 119:3(1) C(9-C(12)-C(11) 116-8(1)
C(5)—-C(6)-C(7) 122:3(1) C(8)-C(13)-C(9) 124-9 (1)
C(5)—C(6)-CI(1) 120-2(1) C(8)—C(13)—-C(14) 118-0(1)
C(NH-C(6)-CI(1) 117-4(1) C(9-C(13)-C(14) 117-1(})
C(6)-C(N-C(8) 119-1(1) C(5)-C(14)=N(10) FI7-8(1)
C(NH-C(B)—C(13) 121:8(1) C(5)-C(14)—-C(13) 119-4(1)
C(12)—C(9)-C(13) 121-9(1)  N(10)—C(14)-C(13) 122-9(1)
C(12)—C(9)-CI(2) 119-0(1) C(2)-0(2)—C(2Me) 117-6(1)

C(13)-C(9)-CI(2) 119-1(1)

Fig. 2. The stacking of two centrosymmetrically related molecules.

Table 5. Deviations (in A) of atoms from various
least-squares planes

Atoms marked with an asterisk were excluded from the planes’
calculation. E.s.d.’s are 0-002-0-003 A.

Plane 1 Plane 2 Plane 3
C(1) 0-001 0-031
C(2) —-0-001 0-033
C@3) 0-005 0-012
C@4) —0-008 —-0-029
C(5) —0-006 0-027
C(6) 0-017 0-060
C(7) -0-012 0-000
C(8) —0-003 -0-030
C(9) —0-002* 0-073* —-0-030
C(11) 0-007 0-038* —0-008
C(12) —0-004 0-087* —0-004
C(13) 0-010* 0-014 -0-027
C(14) 0-043* —0-009 —0-019
C(2Me) —0-065* 0-025*
0Q2) 0-026* 0-088*
N(10) 0-030* —0.008* —0-026
Cl(1) 0-099* 0-193
CI(2) 0-002* 0-026

Angle between planes 1 and 2: 3-1 (2)°.

such as C(6)—C(7), C(2)—C(3), and C(7)—C(8),
C(1)—C(2) are also non-equivalent, the latter rather
more so. Table 3 highlights some comparisons of
DCMA bond lengths with those in other Cl-substituted
acridines. The introduction of the strongly electro-
negative Cl atom at C(9) has, compared to quinacrine
(Courseille, Busetta & Hospital, 1973), ICR-191-OH
(Carrell, 1972) and ICR-170-OH (Berman & Glusker,
1972), markedly shortened the C(9)—C(12) and
C(9)—C(13) bond lengths. This shortening in DCMA,
of an average of 0-04 A, is also shown in 9-chloro-
acridine (Achari & Neidle, 1977). The resulting
increase in electron deficiency of the acridine nucleus in
DCMA compared to the non-C(9)-chlorinated com-
pounds could result in an enhanced propensity for
stacking interactions with other planar moieties, for
example, in a nucleic acid.

Examination of Table 4 shows that the majority of
valence angles have their expected trigonal-hybridi-
zation values. There is significant distortion around
C(2), with angle C(3)—C(2)—0(2) having a low value
and C(1)-C(2)—O(2) a high one. Similar angle
asymmetry has been noted in other 2-methoxy-
acridines; in the present case it may be explicable in
terms of the stacking association of adjacent molecules
(Fig. 2). CI(1) of one molecule lies close to the
2-methoxy group of another; the two groups would
tend to repel each other, resulting in angle asymmetry
around C(2) and C(6).

Table 5 shows that both the outer benzene rings of
the acridine are closely planar, but are not coplanar
with each other. The ring system overall thus has a
slight degree of buckling, a phenomenon commonly
observed in acridine structures (Jones & Neidle, 1975).

The DCMA molecule in the crystal forms a
centrosymmetric stacking association (Figs. 2, 3), with
a ca 3-4 A plane separation. The overlap between two
adjacent molecules (Fig. 2) involves all three six-

Fig. 3. View of the crystal structure.
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membered rings of the acridine nucleus. More extensive
overlap would involve sterically unacceptable inter-
actions between CI(1) and the 2-methoxy group.

This research was supported by the Cancer
Research Campaign (Grant SP1384), who are also
thanked for a Career Development Award.
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Abstract

Available crystal structure data have been used to
calculate the dependence of van der Waals potential
energy on molecular reorientation of two forms of
naphthalene—pyromellitic dianhydride (N—PMDA), a
weak charge-transfer crystal. In the yellow form, the
results of the calculations agree with the results of
X-ray analysis and NMR, i.e. an ordered structure with
possible occurrence of large in-place reorientations of
180° for naphthalene molecules. In the orange form,
the calculations made at 293K and 153K are
consistent with a disordered room-temperature struc-
ture and an order—disorder transition. In-plane re-
orientations of naphthalene molecules of about 40°
occur at room temperature, but no large reorientations
seem possible. The possible existence has been found of
another orientation for naphthalene molecules, which
may be occupied by a small percentage of the
molecules. A satisfactory correlation was found be-
tween the root-mean-squared amplitudes of libration
and the results of potential-energy calculations.

0567-7408/82/010162-07$01.00

Introduction

Les structures a température ambiante des deux formes
jaune et orange du complexe 1/1 naphtaléne—dian-
hydride d’acide pyromellitique, un des complexes de
type n—n* a faible transfert de charge, ont été publiées
(Le Bars-Combe, Chion & Lajzérowicz-Bonneteau,
1979). Le changement de phase ordre—désordre que
présente la forme orange a 188 K ainsi que la structure
de la forme basse température (LT) ont également été
etudiées (Le Bars-Combe & Lajzérowicz-Bonneteau,
1981).

Dans cet article, nous utilisons ces renseignements
structuraux pour évaluer dans les différents cas,
I’énergie potentielle intermoléculaire. Ceci a plu-
sieurs objectifs: voir si 'on retrouve au niveau des
calculs d’énergie les situations d’ordre ou de désordre
observées pour les molécules de naphtaléne, confirmer
les hypotheses sur les réorientations moléculaires qui
avaient été avancées a partir des mesures de RMN,
comparer les résultats sur I’agitation thermique des
molécules déduits des courbes d’énergie avec ceux issus
des données de la diffraction X.
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