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Le Tableau S donne la liste des liaisons inférieures a
3,5 A. Dans la structure TeBr, il y a deux liaisons
NH...O avec l'oxygéne du diméthylsulfoxide. Les
Figs. 3 et 4 montrent ’empilement, respectivement dans
TeCl et dans TeBr, suivant I’axe c.

Les auteurs remercient MM les Professeurs J.
Toussaint et M. Renson pour l'intérét qu’ils ont porté a
ce travail.
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Abstract

The crystal structures of the 2-(1-naphthyl) and 2-(2-
naphthyl) derivatives of 1,3-indandione, C,H,,0,,
were determined from three-dimensional X-ray
diffractometer data. Both unit cells are monoclinic,
space group P2,/c, with a = 10-792 (1), b = 14305
(2), c = 8700 (2) A and # = 101-96 (2)° for the 1-
naphthyl derivative and a = 5-387 (3), b = 8-818 (4),
¢ =28-115(28) A and B = 94-20 (5)° for the 2-naph-
thyl derivative. The structures were solved by direct
methods and refined by least squares to final linear R
values of 0-045 (1208 reflexions) for the 1-naphthyl
derivative and 0-043 (1177 reflexions) for the 2-
naphthyl derivative. Both compounds crystallize in the
diketone form. The crystal structures are held together
by van der Waals forces.

0567-7408/79/040852-05$01.00

Introduction

The 2-aryl-1,3-indandiones exhibit antithrombotic ac-
tivity with varying efficiency. 2-(1-Naphthyl)-1,3-
indandione is a strong oral anticoagulant with a mode
of action and potency comparable with that of
dicoumarol (Molho, 1955). However, its 2-isomer is
practically inactive (Sterkowicz, Guminska & Eckstein,
1972 and references therein). A similar difference exists
between the 1- and 2-naphthyl derivatives of 4-
hydroxycoumarin (Moraux, 1956) and also between
the corresponding derivatives of dicoumarol
(Guminska & Eckstein, 1961). The present X-ray
structure analysis of the 1- and 2-naphthyl isomers of
1,3-indandione was performed as part of a research
program concerning the relationship between anti-
clotting activity and steric conformation.

© 1979 International Union of Crystallography
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Experimental

The title compounds were prepared at the Department
of Technology of Drugs in Krakow (Eckstein &
Kocwa, 1954). Suitable single crystals were grown
from methanol solutions by slow evaporation at room
temperature. Preliminary investigations by X-ray
photographic methods (oscillation and de Jong—
Bouman techniques) showed the crystals of both
compounds to be monoclinic. The systematic absences
were consistent with the space group P2,/c. The unit-
cell dimensions were refined by least-squares fitting of
the preliminary cell parameters to powder data from a
Guinier photograph, taken at 298 K with strictly mono-
chromatized Cu Kaq, radiation (4 = 1-54056 A) and
KCl (a = 6-2930 A) as an internal standard. Three-
dimensional intensity data were collected by a
computer-controlled four-circle diffractometer to a 8
limit of 65°, with graphite-monochromatized Cu Ka
radiation. The intensities of 2370 reflexions were
measured for the l-naphthyl derivative from a single
crystal of irregular shape with approximate dimensions
0-03 x 0-8 x 0-5 mm. 2331 independent reflexions
were collected from a 2-(2-naphthyl)-1,3-indandione
crystal with approximate dimensions 0-4 x 0-1 x 0-1
mm. The net intensities were corrected for Lorentz and
polarization effects, but the rather low absorption
effects (# = 0-65-0-67 mm~') were neglected.

Structure determination and refinement

Preliminary structure-factor phases were derived by
direct methods. 350 |E| values and the best 2000 triple
relations among them were used in both cases in the
MULTAN program system (Main, Lessinger,
Woolfson, Germain & Declercq, 1974) to generate 32
trial phase sets for the 1-naphthyl derivative and eight
trial phase sets for the 2-naphthyl derivative. The E
maps calculated from the solutions with the best figures
of merit showed the positions of all the 21 non-
hydrogen atoms for both structures. The hydrogen
atoms were located from difference electron-density
calculations. The structural models were refined by a
full-matrix least-squares procedure in which only the
most significant observations, with 1., > 3a(I,,,), were
used. The calculation of 6(7,,,) was based on conven-
tional counter statistics. In the final refinement all
carbon and oxygen atoms were allowed to vibrate
anisotropically, while the hydrogen atoms were refined
with isotropic temperature factors. The unweighted
final reliability index R was 0-045 for the 1-naphthyl
derivative (1208 reflexions) and 0-043 for 2-(2-
naphthyl)-1,3-indandione (1177 reflexions). The atomic
scattering factors were those given in International
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Tables for X-ray Crystallograpahy (1974). The frac-
tional atomic coordinates are listed in Tables 1 and 2.*

* Lists of structure factors, anisotropic thermal parameters and
bond lengths and angles have been deposited with the British
Library Lending Division as Supplementary Publication No. SUP
34157 (10 pp.). Copies may be obtained through The Executive
Secretary, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.

Table 1. Fractional atomic coordinates (x10%) for
carbon and oxygen atoms with estimated standard
deviations in parentheses

2-(1-Naphthyl)-1,3-indandione

x y z
o(1) 8756 (3) 7963 (2) 6066 (4)
0(Q) 8831 (3) 4667 (2) 5971 (4)
C 9089 (4) 7156 (2) 6284 (5)
C(Q) 8473 (3) 6316 (3) 5309 (4)
C(3) 9102 (4) 5482 (3) 6258 (5)
C(4) 10965 (5) 5339 (3) 8683 (6)
C(5) 11790 (5) 5837 (3) 9779 (6)
C(6) 11805 (5) 6817 (3) 9759 (6)
C(7) 10976 (5) 7309 (3) 8630 (6)
C(®) 10126 (4) 6810 (3) 7540 (5)
C9) 10111 (4) 5831(3) 7542 (5)
C(10) 7050 (4) 6294 (3) 4812 (4)
C(11) 6495 (5) 6297 (4) 3260 (5)
C(12) 5162 (5) 6248 (5) 2740 (6)
C(13) 4405 (5) 6207 (3) 3785(5)
C(14) 4930 (4) 6216 (3) 5413 (5)
C(15) 4150 (4) 6167 (3) 6513 (6)
C(16) 4663 (5) 6184 (5) 8063 (7)
C(17) 5969 (5) 6259 (5) 8606 (6)
C(18) 6759 (4) 6293 (3) 7581 (5)
C(19) 6264 (3) 6269 (2) 5934 (4)

2-(2-Naphthyl)-1,3-indandione

X y z
o 504 (5) 1294 (4) 9272 (1)
0Q) 7345 (5) 4610 (4) 9209 (1)
C(1) 2250 (7) 2122 (5) 9386 (2)
C(2) 3301 (7) 3346 (5) 9071 (2)
C@3) 5749 (7) 3801 (5) 9352 (2)
C@4) 7520 (8) 3252 (6) 10213 (2)
C(5) 7098 (9) 2469 (6) 10625 (2)
C(6) 5029 (10) 1543 (6) 10651 (2)
C(7) 3324 (8) 1346 (5) 10266 (2)
C(8) 3729 (7) 2138 (4) 9850 (2)
C9) 5779 (7) 3086 (4) 9827 (2)
C(10) 5492 (8) 1586 (6) 7952 (2)
C(11) 5377 (8) 1978 (5) 8418 (2)
C(12) 3445 (7) 2928 (5) 8552 (2)
C(13) 1684 (7) 3441 (5) 8217 (2)
C(14) 1777 (7) 3063 (5) 7729 (2)
C(15) -309) 3579 (6) 7373 (2)
C(16) 176 (10) 3206 (7) 6907 (2)
C(17) 2088 (10) 2254 (6) 6775 (2)
C(18) 3818 (10) 1722(7) 7109 (2)
C(19) 3717(7) 2111(5) 7596 (2)
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Results and discussion

The molecules of the 2-(1-naphthyl) and 2-(2-naphthyl)
derivatives of 1,3-indandione are displayed in Fig. 1(a)
and (b). They crystallize in the diketone form. The
corresponding bond lengths and bond angles in these

Table 2. Fractional atomic coordinates (x 103) for the
hydrogen atoms with estimated standard deviations in
parentheses

2-(1-Naphthyl)-1,3-indandione

x y z
H(2) 884 (3) 632 (3) 437 (4)
H®4) 1089 (5) 467 (3) 873 (5)
H(5) 1235 (4) 550 (3) 1060 (5)
H(6) 1246 (5) 713 (3) 1053 (5)
H(7) 1094 (5) 799 (3) 859 (5)
H(11) 705 (5) 632 (4) 249 (6)
H(12) 479 (6) 628 (5) 161 (8)
H(13) 348 (4) 619 (3) 345 4)
H(15) 323 (4) 612 (3) 601 (4)
H(16) 412 (6) 621(4) 883 (7)
H(17) 634 (4) 620 (3) 975 (5)
H(18) 764 (3) 633 (3) 798 (4)
2-(2-Naphthyl)-1,3-indandione

x y z
H(2) 218 (6) 423 (4) 908 (1)
H@4) 901 (8) 386 (5) 1020 (2)
H(S5) 831(9) 261 (6) 1089 (2)
H(6) 484 (8) 94 (5) 1095 (2)
H(7) 186 (7) 66 (5) 1028 (2)
H(10) 679 (8) 96 (5) 785(2)
H(11) 680 (8) 156 (5) 867 (2)
H(13) 40 (7) 412 (5) 829 (2)
H(1S —137(8) 417 (5) 747 (2)
H(16) —105 (8) 360 (5) 667(2)
H(17) 221 (8) 195 (5) 644 (2)
H(18) S11(9) 108 (6) 704 (2)

)

Fig. 1. Perspective drawings of the molecules of (a) 2-(1-naphth-
yl)-1,3-indandione and (b) 2-(2-naphthyl)-1,3-indandione. The
carbon and oxygen atoms are represented by their thermal
ellipsoids, while the hydrogens are drawn as spheres.

2-(1-NAPHTHYL)-1,3-INDANDIONE AND 2-(2-NAPHTHYL)-1,3-INDANDIONE

two derivatives, shown in Figs. 2 and 3, agree within
experimental uncertainty. Two endocyclic angles in the
benzene rings, C(5)—C(4)—C(9) and C(6)—C(7)—C(8),
are significantly smaller than 120° in both structures as
is characteristic for molecules having a five-membered
ring fused to the phenyl ring.

The geometry of the five-membered ring, in par-
ticular around atom C(2) (¢f. Fig. 2), shows significant
variation among 1,3-indandione derivatives. The geom-
etries found in the present studies of the two naphthyl
derivatives correspond with that found for 2-phenyl-
and 2-ethyl-2-phenyl-1,3-indandiones (Bravic, Gaultier
& Hauw, 1974a,h) and for 1,3-indandione itself
(Bravic, Bechtel, Gaultier & Hauw, 1976). The C(2)
atom is tetrahedrally substituted in these structures, the
endocyclic C(2)—C bond lengths and C—C(2)—C bond
angles are 1-51-1-54 A and 102-104°, respectively. In
other derivatives, e.g. 2-methylsulfuranylidene-1,3-
indandione (Christensen & Thom, 1971), 2-nitro-1,3-
indandione (Simonsen & Jacobsen, 1977), 2-pivaloyl-
1,3-indandione (Csoregh & Norrestam, 1976),
2-dicyanomethylene- 1,3-indandione (Silverman, Kru-
konis & Yannoni, 1974) and 2’-dionylidene-indane-
3-indanone (Bravic, Bravic, Gaultier & Hauw, 1976),
the C(2) atom is sp? hybridized. This results in C(2)—C
bond distances ranging from 1-42 to 1.50 A and
C—C(2)—C angles from 111 down to 106° within the
five-membered ring, depending on the electrophilic
nature of the substituent at C(2). All the other bond
lengths and angles within the indandione moiety, shown
in Figs. 2 and 3, agree well with the corresponding
values found in other indandione derivatives (see above
references). The C—C bond-length alternation within
the naphthyl substituents follows the usual scheme,

® H10 Hi8

Fig. 2. Intramolecular bond distances (A) between the non-
hydrogen atoms of the (a) 2-(1-naphthyl) and (b) 2-(2-naphthyl)
derivatives of 1,3-indandione. The e.s.d.’s of the bond lengths
lie in the range 0-003-0-007 A in both studies. The atoms are
numbered for reference to the text.
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Table 3. Equations of the least-squares planes, and
deviations (A) of the atoms from the planes

The planes are expressed as Ax + By + Cz = D, where x, y, and z
are in A along the axes a*, b and c. The atoms indicated with
asterisks were omitted from the calculations of the least-squares
planes. A negative sign means that the atom lies between the plane
and the origin.

2-(1-Naphthyl)-1,3-indandione
(1) The best LS plane through the indan rings

Atom  Deviation Atom  Deviation
A = 0650 on* -0.-187 C(5) —0.024
B = —0-006 o@2* -0-029 C(6) —0-007
C =-0-760 C(l) —0-038 C(M 0-025
D= 3.600 C(2)* 0-087 C(8) 0-022
C@3) 0-006 C(9) 0-017
C(4) ~0-001

The r.m.s. deviation from the plane of the atoms without asterisks is
0-021 A.

(2) LS plane through the naphthyl rings

Atom  Deviation Atom  Deviation
A =-0-057 C(10) —0-025 C(15) -0-014
B = 0.998 C(n 0-003 C(16) —0-011
C = 0-008 C(12) 0-012 C(17) 0-019
D= 8609 C(13) 0-008 C(18) 0-011

C(14) 0-000 C(19) —0-004

The r.m.s. deviation from the plane of the atoms without asterisks is
0-013 A.

2-(2-Naphthyl)-1,3-indandione
(1) The best LS plane through the indan rings

Atom  Deviation Atom  Deviation
A =-0-534 on* -0-173 C(5) —0-010
B = 0-766 o@2)* —-0-055 C(6) 0-014
C = 0.356 C(1) —0-025 C(7) 0-008
D = 10-182 cQy»* 0-170 C(8) 0-005
C(3) 0-022 Cc9) 0-005
C(@4) —0-020

The r.m.s. deviation from the plane of the atoms without asterisks

is 0-016 A,
(2) LS plane through the naphthyl rings
Atom  Deviation Atom  Deviation
A = 0-567 C(10) 0-003 C(15) 0-011
B =—-0.804 C(11) —0-005 C(16) —0-015
C= 0-179 C(12) —0-009 C(17) —0-002
D= 1159 C(13) 0-007 C(18) 0-004
C(14) 0-001 C(19) 0-005

The r.m.s. deviation from the plane of the atoms without asterisks

is 0-008 A.

discussed by, among others, Cruickshank (1962) and
Daudel (1962).

The C—H bond distances range between 0-93 and
1.07 A, with an average value of 0-98 A for both
structures; these are normal values for C—H bond
lengths determined by X-ray diffraction (Stewart,
Davidson & Simpson, 1965).

Two parts of the molecules may be examined for
planarity: the indandione group and the naphthyl

substituent. Deviations of the atoms from these planes
are listed in Table 3. The angle between the normals of
the least-squares planes is 87-1° in the 1-naphthyl
derivative and 75-5° in the 2-naphthyl derivative.

The molecular packing in the two crystals is illus-
trated in Fig. 4. In the crystal structure of the 1-
naphthyl derivative, the naphthyl rings are perpen-
dicular to the b axis. They are stacked upon each other

Fig. 3. Intramolecular bond angles (°) involving the non-hydrogen
atoms of the (@) 2-(1-naphthyl) and (b) 2-(2-naphthyl) deriva-
tives of 1,3-indandione. The estimated uncertainty varies from
0-2to 0-5° in both cases.

‘4“, . (®)

Fig. 4. Stereoscopic packing diagrams of the crystal structures of
the (@) 2-(1-naphthyl) and (b) 2-(2-naphthyl) derivatives of 1,3-
indandione.
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Table 4. Intermolecular distances (A) less than 3-6 A
between non-hydrogen atoms

Atom B is generated from the coordinates of Table 1 with the
unit-cell translation shown, together with the following symmetry
operations:

Atom at Superscript
Xy Vs z none
—x, $+p, -z (l‘)
—X, ) -z (“)
X, 41—y, }+z (iii)

The estimated standard deviations are given in parentheses.
2-(1-Naphthyl)-1,3-indandione

Translation along the
axes of the unit cell

A B a b ¢ Distance
0(2) c(@3h 2 1 1 3.252(5)
0(2) C(7h 2 -1 1 3-393(5)
o(1) C(4 2 0 1 3.415(5)
0(2) o2h 2 11 3-449 (6)
C(1) C(7% 0 1 -1 3.466 (7)
o(1) C(17M 0 1-1 3-493 (6)
c@3) c@3n 2 1 1 3.494 (9)
o(l) C(181 0 1 -1 3502 (5)
C(11) C(18ih 0 1 -1 3-519(7)
o(1) C(7 0 1 -1 3.534 (6)
C(4) C(4h 2 1 2 3.537(10)
0(2) C(9") 2 1 1 3.549 (5)
o(D) C(11i 01 0 3-556 (6)
C(12) C(16%) 1 1 1 3-561(10)
C(14) C(14M) 1 1 1 3.562(9)
c(11) c(17) 0 1-1 3-565 (9)
C(12) C(15% 1 1 1 3-565(8)
C(13) C(14") 1 1 1 3.579 (6)

2-(2-Naphthyl)-1,3-indandione
Translation along the
axes of the unit cell

A B a b ¢ Distance
o(1) 0(2) -1 0 0 3.381(5)
C(7 C(7 1 0 2 3-395 (9)
o(1) Cc@3) -1 0 O 3.403 (5)
C(@3) C(4h 1 1 2 3-415(7)
o(l) C(™ 0 0 2 3-428 (6)
0(2) C(1) 1 0 O 3.442 (5)
0(2) C(2) 1 0 O 3.445 (5)
o(1) C(9) -1 0 O 3.463 (5)
o) C(6" 1 0 2 3.467 (6)
[o@)] C(8") 1 0 2 3.484 (6)
C(10) C(15) ‘1 0 0 3.494 (7)
C(4) c(n 1 0 0 3.543 (6)
C(1) C(6" 1 0 2 3.553 (7
o(1) c(sh 1 0 2 3.565 (6)
0(2) c(sh 1 1 2 3.570 (6)
o(1) C(11) -1 0 0 3.576 (6)

with an interplanar spacing of 3-56 A. The inter-
molecular distances (Table 4) are of the same mag-
nitude as the van der Waals approach. Van der Waals
interactions also play the leading part in the crystal

2-(1-NAPHTHYL)-1,3-INDANDIONE AND 2-(2-NAPHTHYL)-1,3-INDANDIONE

structure of 2-(2-naphthyl)-1,3-indandione. Remar-
kable in the latter case is that all the intermo-
lecular contact distances shorter than 3.6 A occur
between molecules related by the symmetry operation
x,y,z, or —x,—y,—z (Table 4). The shortest contact
distances between molecules related by the symmetry
operations —x, 3 + y,4 — z (i) and x, § — y,  + z (iii) are
3.648 A [0(2)—C(17")] and 3-789 A [C(6)-C(171)],
respectively.
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