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The crystal and molecular structure o f the dithallium salt of the 1,2-dicyanim inocyclobuten-3,4dione dianion and o f 1,2-diiodocyclobuten-3,4-dione. determined by X-ray diffraction, are re
ported and discussed. Results o f FT-IR and calorimetric m easurem ents are also presented.

Introduction
We are carrying out a comprehensive physico
chemical study of 1,2-substituted cyclobuten-3,4diones, mainly directed to the selection of sub-
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stituents which may facilitate the formation of stable
radicals and acceptor species [ 1 ],
In such a context we considered the 1,2-dicyanimino derivative [C4 0 2 (N CN ) 2 ]2_, henceforth
CM CB2- because such a group should have at least
some of the required properties [2], The very heavy
T1 cation had to be accepted, because it was the only
one which gave suitable crystals.
Owing to the very scanty inform ation [3] available
on the cyclobutene-3,4-dione moiety as to both
geometry and force field, we were compelled to con
sider model compounds containing this grouping.
Due to the generally electron-attractive character of
the substituents referred to in the previous para
graph, the most logical model compounds appeared
to be the 1,2-dihalogeno derivatives [4], Out of
these, we first considered the determ ination of the
geometry of the only com pound then known.
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C 4 O 2 CL by means of a gas phase electron diffraction
study [5]. However, also of interest is the new com
pound C 4 0 2 I2, whose structure can be studied by
X-ray diffraction only, due to its very low vapor
pressure.
The crystal and molecular structure of the two
species m entioned above, along with their synthesis
and characterization is the object of the present
paper.

Experimental
1. Syntheses and preparations o f the crystals

The crystals of the TLCMCB were obtained by
slow cooling of an aqueous solution. The compound,
only slightly soluble in cold water, was prepared
from aqueous solutions of thallium acetate and the
disodium salt [7]. Elemental analysis showed that it
crystallized anhydrous.
C 4 O 2 I 2 was prepared from C 4 O 2 CL and (CH 3 ) 3 SiI,
analogously to the dibromo derivative [4] and
characterized by its FT-IR [5] and mass spectrum.
The bright yellow substance was crystallized from
CS2. It is not very stable at room tem perature, even
under vacuum or argon, decomposing with form a
tion of elemental iodine.
Large clear crystals of square bipyramid habit
formed in a few days after carefully layering a
fivefold volume of pentane over a concentrated solu
tion in dichloromethane contained in a closed tube.
2. Thermogravimetry was carried out by using the
corresponding accessory attached to a M ettler
TA3000 System.
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With T12 CM CB, we observed a slight but steady
decrease of weight from 25 to 225 C. At the latter
tem perature, the weight loss was 1 .2 %.
3. The FT-1R absorbance spectrum of a paraffin oil

mull was recorded from 5000 to 50 cm - 1 at a resolu
tion of 1 cm - 1 by means of a Bruker IFS 113v instru
m ent. Apodization triangular, zerofilling factor two.
Below 125 cm - 1 a mercury lamp was used. The ab
sorption of the paraffin oil was subtracted and the
increase of absorbance of the baseline toward high
frequencies was corrected by means of an interactive
procedure provided in the instrum ent software. The
region 2500—50 cm - 1 is shown in Fig. 1. The spec
trum showed no anomalies and was not analyzed.
4. X -ray crystallographic analysis

G eneral crystallographic data for both T12CMCB
and C 4 0 2 I 2 are given in Table I. The diffraction
studies were carried out on an autom ated EnrafNonius CAD-4 diffractom eter at room tem perature
using M o—Ka radiation. Unit cell param eters were
determ ined by least-squares refinem ent of 25 highangle reflections. Intensity data were corrected for
Lorentz and polarization factors. Empirical absorp
tion corrections were applied by using the W alker
and Stuart m ethod [8 ]. All other computations were
carried out using the SHELX 76 package of pro
grams [9].
Tl2CM CB. The structure was solved by direct
m ethods which gave the coordinates of thallium
atoms. The positions of the remaining atoms were
located in a Fourier map phased with the heavy
atoms. The structure was refined by full-matrix leastsquares. The chemically equivalent bonds showed
significant differences which we attribute to absorp
tion effects and therefore in the final cycles of refine
m ent bond length constraints were introduced (dis
tances equal within a standard error of 0 . 0 1 A for all
the bonds occurring in equivalent pairs). The ther
mal motion was treated anisotropically only for the
T1 atoms because the light atoms gave non-definite
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positive ellipsoids, another proof of the persistence
of absorption effects after the empirical correction.
The structure model converged to the following
agreem ent indices: R = 9.41% and /?w = 9.99%. In
the least-squares calculations the weighting factor
used was w = k /[cr(F ) + gF2] [where k = 7.51 and g 0.0002]. Fractional atomic coordinates are reported
in Table II.
c 40 2l 2. A well-shaped pseudo-octahedral deeporange crystal was selected, cut into a nearly
equidimensional fragment and sealed into a Lindemann glass capillary. The diffraction experiments
were carried out as for T12 CMCB. On the basis of the
systematic absences (h 0 0 , / odd; 0 0 /, 1 = 4 n) the pos
sible space groups were restricted to the enantiomorphic pair P 4 12]2 and P432]2. The structure was
solved in the space group P4]2[2 by direct methods
which located the iodine atoms. A subsequent
Fourier map revealed the remaining light atoms. The
structure was refined by full matrix least-squares cal
culations using an anisotropic model of thermal mo
tion for all the atoms. The refinem ent gave the fol
lowing agreem ent indices: R = 5.50% , R w = 5.84%.
The calculations were then repeated in the space
group P 432]2 after inversion of the z coordinates and
the following agreem ent indices were obtained: R =
5.46% , R w = 5.78% . The latter refinem ent was tak
en as the correct one for the crystal chosen in the
diffraction experim ent. In the least-squares calcula
tions the weighting factor used was: w = k/[cr(F) +
gF 2] where k = 4.067 and g = 0.0004. The final
difference Fourier map showed peaks not exceeding
+ 1.2 e Ä -3. Fractional atomic coordinates are re
ported in Table III*.

* A full list o f bond lengths and angles, anisotropic thermal
param eters, and tables o f observed and calculated struc
ture factor am plitudes has been deposited at the Cam
bridge Crystallographic D ata Centre as Supplem entary
Publication.

Fig. 1. FT-IR absorption spec
trum o f T1:CM CB powder. Below
400 cm 1 (vertical bar) the ordi
nate scale increases about five
times.
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Table I. Crystal data and intensity collection parameters.
Complex
Formula
M
Crystal size (mm)
System
Space group
a (Ä )
b (Ä )
c (Ä )
ß (deg.)
U (Ä 3)
Z
D c (g-cirT 3)
F(000)
Radiation (graphite monochrom ated) (A, A )
/< (M o-K „), cm 1
Diffractometer
Scan mode
2 1? limits (deg.)
co-scan width, deg.
Prescan rate (deg. m in-1)
Prescan acceptance a(I)/I
Required a(I)/I
Maximum scan time (s)
Standard reflections

q ,n 4o , t i 2

568.83
0.1 x 0.025 x 0.025
m onoclinic
P 2 ,/ a7
3.818(1)
11.744(3)
19.015(9)
92.87(3)
851.6
4
4.43
960
M oK a (0.71069)
381.44
Enraf-Nonius C A D -4
o)-2 ü
2 .5 - 2 5
0.8 + 0.35 tg#
5
0.5
0.01
140
3 remeasured periodically
no decay
1205 {±h, +k, + /)
1174
72
0.0941. 0.0999

Reflections collected
Unique observed reflections used
No. o f refined parameters
R, Rw
R = Z |lF 0l - I F ,l |/ 2 F 0
R w = l | l F 0l - I F cl|w1/2/2 F 0w 1,2

Table II. Fractional atom ic coordinates for T12CM CB.
A tom
T il
T12
Cl
C2
C3
03
C4
04
NI
C5
N2
N3
C6
N4

X

.9774(4)
.1911(4)
.5168(99)
.6928(99)
.7296(99)
.8551(96)
.5539(86)
.4692(76)
.7837(78)
.9100(81)
1.0502(84)
.4075(71)
.2684(79)
.1495(85)

y
.4061(1)
.5734(1)
.7972(29)
.7942(31)
.6725(30)
.5950(29)
.6760(27)
.6062(27)
.8765(28)
.8469(28)
.8281(32)
.8853(25)
.8613(28)
.8501(30)

z
.9189(1)
.6656(1)
.9041(24)
.8379(24)
.8420(24)
.8065(22)
.9107(20)
.9557(18)
.7953(17)
.7388(17)
.6842(19)
.9399(16)
.9961(17)
1.0535(19)

Crystal and Molecular Structure of T12CMCB
The unit cell contains discrete anions and cations
packed as shown in Figures 2 and 3. The packing can
be approximately described in term s of alternating
layers of anions and cations. The coordination

C4O J ,
333.85"
0.4 x 0.4 x 0.4
tetragonal
P 4,2,2
5.997(2)
39.191(7)
1409.6
8
3.15
1168
M oK a (0.71069)
87.47
Enraf-Nonius C A D -4
co-2d
2 .5 - 3 0
0.8 + 0.35 tg
8
0.5
0.01
140
3 remeasured periodically
no decay
1572 (+h, +k, + /)
1349
73
0.0546. 0.0578

Table III. Fractional atomic coordinates for C40 2I2A tom
11
12
Cl
C2
C3
Ol
C4
02

X

.79891(14)
.33304(13)
.7456(19)
.5926(17)
.6767(18)
.6292(16)
.8554(19)
1.0054(18)

y
.30103(14)
.24087(18)
.4760(16)
.4492(18)
.6437(18)
.7299(18)
.6791(18)
.7994(16)

z
-.0 0 5 6 3 (2 )
-.0 8 2 7 4 (3 )
-.0 4 9 8 (3 )
-.0 7 4 8 (2 )
-.0 9 5 6 (2 )
-.1 2 1 9 (2 )
-.0 6 7 0 (3 )
-.0 6 0 1 (2 )

around the cations is shown in Fig. 4, where contacts
in the range 2 .8 -3 .2 Ä are given. T l(l) turns out to
be eight-coordinate and Tl(2) seven-coordinate. No
special coordination polyhedron can be envisaged. It
should be noted that contacts with oxygens are more
num erous around T l(l), while nitrogens dominate
the coordination around Tl(2). It is also of interest to
rem ark that both oxygens and outer nitrogens (com
ponents of the cyano group) total six contacts with
the cations while the inner (adjacent to the ring) ni-
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Fig. 2. Perspective view o f the
crystal packing of TLCMCB on the
be plane.

Fig. 3. View o f the content of
the unit cell of TLCMCB down
the b axis.

inN4

>N2

Fig. 4. Environm ent of the T l+ cations. Sym
metry codes: I = x, y, z; II = l+x, y, z; III 1—x, 1 —y, 2—z; IV = 2—x, 1 —y, 2 —z; V =
1. 5—x, —. 5+y, 1.5-z,- VI = 2 . 5—x, —,5+y,
1 . 5 - z ; VII = x-\,y, z ; VIII = -.5+x, 1.5- y ,
—.5 + 2 ; IX — —,5+ x, 1.5—y, —.5+ 2; X =
—. 5—x, —. 5+y, 1.5—2.
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trogens have only three of such contacts. This packing
geometry is indicative of more pronounced localiza
tion of the negative charge on the outer atoms of the
anion (see later). The anion is essentially planar, the
NCN groupings are oriented away from each other
and deviate slightly from planarity [deviations from
the C 4 0 2 N 2 plane: C5 - .0 9 , C 6 - .0 1 , N2 - .0 8 , N4
.1 0
Ä], see Fig. 2. The point symmetry of the
idealized molecular frame is C2v. Although the ex
perimental uncertainties in the geometrical p ara
meters are rather high (Table IV) comparison of such
data among them and to similar fragments indicates
trends which should be of help in describing the elec
tronic structure. The C —N distances in the sequence
N (o u te r)-C -N (in n e r)-C (rin g ) are 1.21(4), 1.25(3)
and 1.32(4) Ä, respectively, very similar to those in
dicyandiamide N - C - N —C (N H 2 ) 2 (1.22, 1.28,

Table IV. Relevant bond lengths, contacts (Ä ) and angles
(d eg.) for Tl.C M CB.
C (l)-C (2 )
C ( 2 )-C (3 )
C ( 3 )-C (4 )
C (3 )—0 ( 3 )
C (2) —N (l)
N ( l) —C(5)
C ( 5 ) -N (2 )
T l(l) •••’0 ( 3 )
Tl( 1) ••• ’0 ( 4 )
T l(l) ••• " 0 (4 )
T l(l) ••• mO(4)

1.46(7)
1.44(4)
1.50(6)
1.24(4)
1.32(4)
1.25(3)
1.21(4)
3.07*
3.14
3.03
2.97

T l(l)
T l(l)
Tl( 1)
T l(l)
Tl(2)
Tl(2)
Tl(2)
Tl(2)
Tl(2)
Tl(2)
Tl(2)

C (4 )-C (l)-C (2 )
C (l)-C (2 )-C (3 )
C (2 )-C (3 )-C (4 )
C ( 3 ) - C ( 4 ) - C ( l)
C(4) —C(3) —0 ( 3 )
C(3) —C(4) —0 ( 4 )
C(2) —C(3) —0 ( 3 )

90(2)
91(2)
88(2)
90(2)
134(3)
137(3)
137(4)

C ( D - 0 (4 ) —0 ( 4 )
C (2 )- N ( l ) - C ( 5 )
N ( D - - C (5 )- N (2 )
N(1 ) - ■C(2)—C( 1)
C (2 )- C (l)-N (3 )
C ( i ) - N (3 )-C (6 )
N (3 )--C (6 )-N (4 )

ivO (4)

M1N (4)
•• VN (2)
•• VIN (2)
•• VIIN (2)
•• VIIIN (4)
-- XN (1)
••XN (3)
•• viiO (3)
•• IXN (4)
" VN( 1)

3.09
3.11
2.89
2.88
3.05
2.95
3.02
3.01
3.02
2.97
3.14
133(4)
117(4)
174(4)
131(3)
130(3)
115(3)
172(4)

* Symmetry code as in Fig. 4.

Table V.
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1.36 Ä in the order, angle at the inner N, 120 [10]).
Thus, the NCN group structure is best represented
as a resonance hybrid of a dominant sequence of two
double and a single bond, and of a small contribution
of a sequence of a triple and two single bonds.
The C —C distances in the ring are in the range
1.44(4) —1.50(6) Ä, similar to that of CDCB2~
(1.42 —1.48 Ä [16]) and indicative of a partially de
localized double bond like in squaric acid ( 1 ,2 -dihydroxycyclobutene-3,4-dione) [1.41 —1.50 Ä] [15] and
in the squarate ion [1.457 Ä] [11],
The C(cycle)—O average distance [1.24(4) Ä] is
equal to that found in C 4 0 2 C 2 (CN ) 4 and in squaric
acid but shorter than that found in C 4 0 4:~
[1.260(7) Ä]. The bond values just discussed indicate
that significant .T-electron delocalization is present in
the anion in order to spread out the negative charge
over most of the ion. A t least three resonance for
mulas in decreasing order of importance can be
given:

The first appears to be the most representative
because it accounts for the principal geometric fea
tures.

Crystal and Molecular Structure of C.4O 2I2
The crystals of C 4 0 2 I 2 contain molecular units with
idealized symmetry C2v packed together in an enantiom orphous pattern as shown in Fig. 5. The packing
can be described in terms of pairs of parallel ar
ranged molecules related by twofold rotational sym
metry and with an inter-planar distance of 3.9 A.
The molecular pairs do not overlap and show only
nearly antiparallel superimposition of two C —I

Bond distances (Ä ) in 1,2-diiodo- and other 1,2-substituted cyclobutene-3,4-diones.

R1

R:

C 1 -C 2

C 1 -C 4

C 3 -C 4

c=o

Ref.

I
C H ,- ( C H ,) ,- C H = C c 6fi 5—
Cl
OH
R 1. R2 —[CH = CH —CH = CH] —

I
H
H
Cl
OH

1.35(1)
1.395(18)
1.358(6)
1.358(6)
1.409(1)
1.384(10)

1.52(1)
1.483(18)
1.485(4)
1.516(6)
1.458(1)
1.493(10)

1.57(2)
1.547(18)
1.543(6)
1.574(9)
1.501(1)
1.569(13)

1.18(1)
1.198(18)
1.205(10)
1.191(2)
1.229(1)
1.197(12)

■

a This work; b gas phase electron diffraction.

12
13
5h
14
15
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bonds. The molecular pairs are organized in spirals
around the 4 3 screw axes. The molecule is strictly
planar [maximum deviations from the best plane
+0.03 Ä], The C —I average distance 2.04(1) Ä
(Table VI) is that of a single bond, the estimated
distance on the basis of the covalent radii [I = 1.33,
C (sp2) = 0.73 Ä] being 2.06 Ä. The C 4 ring shows
m arked differences in the C —C bonds with the short
est and longest interactions between the iodine and
oxygen-bearing atoms 1.35(1) and 1.57(2) Ä, re
spectively. Quite long distances are exhibited by the
remaining C —C interactions [average 1.53(1) A].
The CO bonds are short [1.18(1) Ä] and indicate
localized double bonds. Such bond lenghts distribu
tion indicates that electrons are localized in the
C l —C2 and C = 0 bonds and therefore the by far
dom inant structure is: that shown in the Introduction
with X replaced by I.
A comparison with the values in neutral species
containing the same cyclobuten-3,4-dione ring
(Table V) shows that the same general features are
present in all these species and that the bonds locali
zation is a maximum for the present species.
A comparison with the values in the anionic
species (see preceding section) shows that the latter
species exhibit more pronounced delocalization be
cause the principle of charge equalization is compel-

Table VI. Relevant bond lengths (Ä ) and angles (deg.) for
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c4o 2i2.
C ( l) —1(1)
C (2) —1(2)
C (l)-C (2 )
C (l)-C (4 )

2.05(1)
2.02(1)
1.35(1)
1.54(1)

U
1

u
1

C ( l) —C (4) —C(3) 85(1)
C (4) —C (3) —C(2) 87(1)
C (3) —C (2 )—C (l) 94(1)
I ( 2 ) - C ( 2 ) - C ( 3 ) 131(1)
1(2) —C ( 2 ) - C ( l ) 135(1)
C (2) —C ( l ) —1(1) 131(1)

C (2 )- C (3 )
C (4 )- C (3 )
C (3) —0 ( 1 )
C (4) —0 ( 2 )
C (2) —C (3 )—0 ( 1 )
C (4) —C(3) —0 ( 1 )
C (3) —C(4) —0 (2 )
C ( l) —C(4) —0 (2 )

1.51(1)
1.57(2)
1.18(1)
1.18(1)
135(1)
136(1)
137(1)
140(1)
135(1)

ling. W here charge is absent, on the other hand, the
need of relieving the a-bond strain becomes domin
ant and increases the deform ation of the C 4 ring into
a trapezium by means of the jr-bonds localization.
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