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Abstract 

The title compound, CI1H22N284 [or C H 2 ( E t 2 D T C ) 2 ,  
where DTC is dithiocarbamate], was unexpectedly 
obtained during studies on the reactivity of cis-di- 
chlorobis(N,N-diethyldithiocarbamato-S,S' )tin(IV) { cis- 
[C12Sn(Et2DTC)2]} with 2-thiouracil in dimethyl sulfox- 
ide. The X-ray structural analysis of the title compound 
shows that two N,N-diethyldithiocarbamate units are 
linked together through a methylene C atom, so that 
the compound can be described as a dithioester, where 
the -CH2(N,N-diethyldithiocarbamate) group itself con- 
stitutes the esteric organic radical. Structural parameters 
and IR spectra are in agreement with the crystal chem- 
istry of this class of compounds. Of major interest is the 
methylene C atom, which presents an S--CH~--S angle 
of 116.9 (2) °, larger than the ideal tetrahedral value of 
109.47 ° . 

Comment 
In the course of our work, which was undertaken 
to obtain a strong metal-nitrogen bond between 
metal complexes and DNA bases, particularly ade- 
nine (Marzotto et al., 1993, 1995), we prepared cis-di- 
chlorobis(N,N-diethyldithiocarbamato-S,S')tin(IV) {cis- 
[CI2Sn(Et2DTC)2]}, (1), in order to study its reactivity 
towards DNA bases. The interest in (1). whose molec- 
ular structure is already known (Bohra et al., 1994; 
Selvaraju et al., 1994), is due to its antitumor activ- 
ity (Smith, 1978; Crowe & Smith, 1980; Crowe et 
al., 1980; Oskarsson, 1983, Cardarelli & Libby, 1984). 
Then, during reactivity studies of (1) with 2-thiouracil 
[which exhibits a marked affinity for melanin-producing 
tissue (W~itjen et al., 1982)], we unexpectedly ob- 
tained white crystals of the title compound, (2), identi- 
fied as methanediyl bis(N,N'-diethyldithiocarbamate) by 
X-ray structure and IR spectroscopic analysis. It consists 
of two dithiocarbamate units, bridged by a methylene 
group, i.e. (C2 Hs )2 N-CS-S-CH2-S-CS-N(C2 Hs )2. 

H5{'2~ ~ /( '2H5 
N-C- S-('Hv-S-C-N 

H~c,/ - II \(,H 
" - S . 5 

(2) 

Compound (1), cis-[Cl2Sn(Et2DTC)2], has been iden- 
tified as hexacoordinate on the basis of the cell param- 
eters, which are in agreement with those found by both 
Bohra et al. (1994) and Selvaraju et al. (1994). The sub- 
sequent interaction of (1) with 2-thiouracil in dimethyl 
sulfoxide yielded (together with other products which 
are under investigation) the title compound, methanediyl 
bis(N,N-diethyldithiocarbamate) [CH_~(Et2DTC)2, (2)], 
which has been characterized using X-ray diffraction 
and IR spectroscopy. The monoclinic cell contains two 
discrete molecules of methanediyl bis(N,N-diethyldithio- 
carbamate). In each molecule, the methylene carbon, 
C l l ,  bridges two N,N-diethyldithiocarbamate moieties, 
which are closely related by a twofold molecular axis 
passing through C ll and the midpoint of the S1, $2, 
$3 and $4 atoms. This axis is nearly perpendicular 
[98.9 (2) °] to the unique b axis, and also to the 21 screw 
axis, so that centrosymmetric (P2~/m) or other space 
groups must be ruled out. 

The atom joining the two dithiocarbamate units was 
identified as carbon by Fourier synthesis, which shows 
four positive maxima around it; the two highest peaks 
(0.43 and 0.41 e~, -3) occupy the positions expected 
for methylene H atoms, and the other two peaks 
(0.19 and 0.24e ~-3)  may be interpreted as bonding 
electrons. Three additional reasons support this choice: 
(i) the CI I - -S1  and C l l - - $ 2  distances of 1.792(3) 
and 1.789 (3)A,, respectively, correspond exactly to a 
C w,--S single bond; (ii) the S 1 - - C l l - - S 2  angle of 
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116.9(2) ° is larger than the ideal tetrahedral value 
(109.47°), probably due to repulsion of the C1 l - - S 1  and 
C l 1 - - $ 2  bonding electron pairs; (iii) a structure-factor 
calculation including the two H atoms gives R = 0.0293, 
whereas, excluding the two H atoms, it gives a higher 
value of 0.0341, for 1636 reflections with I > 2o-(/). 
The C I - - $ 3  and C 6 - - $ 4  bond lengths of  1.668(3) 
and 1.661 (3),~, respectively, are slightly longer than 
a normal C = S  double bond (ca 1.61 A; Pauling, 1960), 
while the C I - - $ 2  and C6- -S1  distances of  1.775 (3) 
and 1.789 (3),4,, respectively, are clearly single bonds. 
The C1- -N1  and C 6 - - N 2  bond lengths of 1.334(3) 
and 1.333 (3)~,, respectively, are in good agreement 
with the values reported in the literature (Allen et al., 
1979) and indicate a marked double-bond character. In 
fact, the shortening of  the C - - N  single bond and the 
lengthening of  the C=-S double bond indicate that the 
N-atom lone pair participates strongly in the 7r system 
of the thiocarbonyl group (Heinemann et al., 1992), 
a fact originally discovered through IR spectroscopy 
(Chatt et al., 1956). The two dithiocarbamate planes are 
slightly bent; C1, $2, $3 and N1 are perfectly coplanar 
and the two methylene C atoms, C2 and C4, are on 
opposite sides of  this plane, with deviations of 0.094 (4) 
and 0.092 (5),~, respectively. Similarly, atoms C6, S l, 
$4 and N2 are coplanar, with C7 and C9 on opposite 
sides of  the plane, with deviations of 0 .142(5)  and 
0.074 (4)~,, respectively. This situation is common for 
the dithiocarbamate moiety in all its forms, whether as 
a neutral molecule, an anion or a dithioester (Clemente 
et al., 1987; Oskarsson & Ym~n, 1983). 

The most closely related compound is bis(N,N- 
diethyldithiocarbamate),  (Et2NCS2)2, in which two N,N- 
diethyldithiocarbamate units are directly linked through 
an S - - S  disulfide bridge with a bond length of 
2.001 (3)~, (Shi & Wang, 1992), but a detailed com- 
parison is not possible given the spread of  the reported 
equivalent distances. Crystal packing shows normal van 
der Waals contacts, the most stabilizing interaction being 
between C4 and $3 i [symmetry code: (i) x, y -  1, z]. 

Fig. 1. ORTEPII (Johnson,  1976) plot showing the molecular  structure 
and atomic numbering scheme of (2). Displacement ellipsoids are 
drawn at the 50% probability level and H atoms are shown as 
spheres of arbitrary radii. 

Experimental 
Compound (1), cis-[CI2Sn(Et2DTC)2], was prepared essen- 
tially according to the method of Srivastava & Bhargava 
(1978) by reacting 2 mmol of SnC14.5H20, dissolved in 10 ml 
of methanol, with 4 mmol of NaDTCEt2.3H20, dissolved in 
10 ml of the same solvent. The resulting yellow solution was 
heated to 328 K and stirred for 3 h, and the yellow precipitate 
obtained was filtered off and washed, both with methanol and 
with water, to remove excess reagents and the NaCI which 
is formed. The compound was then dried under vacuum at 
333 K. Pale-yellow crystals were obtained by slow evapora- 
tion from an acetone solution. Yield 85%, m.p. 488 K. Found: 
C 24.64, H 4.07, N 5.67, S 26.54, CI 14.50%; calculated 
for CmH2oCI2N2S4Sn: C 24.71, H 4.14, N 5.76, S 26.38, CI 
14.58%. White crystals of the title compound, (2), were ob- 
tained after two weeks by reaction of cis-[CI2Sn(Et2DTC)2] 
with 2-thiouracil in dimethyl sulfoxide at 328 K. Found: 
C 42.48, H 7.19, N 9.00, S 41.02%; calculated for 
C~IH22N2S4: C 42.54, H 7.14, N 9.02, S 41.29%. 

Crystal data 

CliH22N284 Mo Kc~ radiation 
M, = 310.55 A = 0.71073 ]k 
Monoclinic Cell parameters from 25 
P2j reflections 
a = 9 . 7 5 5 ( 2 ) ~ ,  0=  12-16 ° 
b = 7.430 (2) ,~ p = 0.574 mm- 
c = 11.255 (2) A T= 293 (2) K 
3 = 99.80 (10) ° Irregular 
V = 803.9 (3) ,~3 0.80 x 0.30 x 0.20 mm 
Z = 2 White 
D~ = 1.283 Mg m -3 
O,, not measured 

Data collection 
Philips PW1100/20 diffrac- 

tometer 
~-20 scans 
Absorption correction: 

"O scan (North et al., 
1968) 
Train = 0.758, Tmax = 0.892 

2264 measured reflections 
2090 independent reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2o'(F2)1 = 0.029 
wR(F 2) = 0.076 
S -- 0.975 
2090 reflections 
153 parameters 
Only coordinates of H atoms 

refined 
w= I/[o'2(F,~) + (0.0461P) 2] 

where P = (F f; + 2F,2)/3 

1636 reflections with 
I > 2o(1) 

Ri,, = 0.019 
om.~ = 28.01 ° 
h-- - 1 2 - - ,  12 
k=  0-- ,  9 
l = 0---, 14 
3 standard reflections 

every 52 reflections 
intensity decay: none 

(zS/Cr)m~x = -0.001 
z21pmax = 0.206 e ,~-3 
Apmin = --0.197 e ~-3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Absolute structure: Flack 
(1983) 

Flack parameter = 0.01 (10) 

Table 1. Selected geometric parameters  (A, °) 
C I I - - $ 2  1.789{31 N1--CI  1.334 131 
C I I - - S I  1.792/31 N I ~ 2  1.468{3) 
S 1 ~ 6  1.789/3; N I -C4 1.472 (4) 
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$2--CI 1.775 (3) N2--C6 1.333 (3) 
$3--CI 1.668 (3) N2--C7 1.468 (4) 
$4~C6 1.661 (3) N2--C9 1.474 (4) 

$2--CI I--SI 116.9(2) $3--C1--$2 122.5(2) 
C6--SI--C11 102.12 (14) N2--C6---$4 125.0 (2) 
CI--S2--C11 102.65(14) N2--C6---S 1 112.9(2) 
NI---CI--S3 124.1 (2) $4---C6~S1 122.1 (21 
N 1---CI--$2 113.4 (2) 

The systematic extinctions (0k0: k = 2n + 1) indicate two 
possible space groups, P2~ (No. 7) and P2~/m (No. 11). The 
non-centrosymmetric space group was chosen since the cell 
contains two molecules, each formed by two N,N-diethyldi- 
thiocarbamate moieties, closely related by a twofold symmetry 
axis and not by a mirror plane (see Comment). The structure 
was solved by standard Fourier and Patterson methods. The 
refinement was carried out with anisotropic displacement 
parameters for all non-H atoms, while H atoms were refined 
isotropically. The U displacement parameters of the methyl- 
ene and methyl H atoms were fixed at, respectively, 1.2 and 
1.5 times the U~q of  the atom to which they are bonded. In 
addition, the C - - H  distances were constrained to be 0.97 A, 
for methylene and 0.96 A, for methyl groups. 

Data collection: Philips P W l l 0 0 / 2 0  software. Cell refine- 
ment: locally modified Philips PWll00/20  software. Data re- 
duction: RIFLUP80 (Biagini et al., 1980). Program(s) used 
to solve structure: SHELXS86 (Sheldrick, 1990). Program(s) 
used to refine structure: SHELXL93 (Sheldrick, 1993). Molec- 
ular graphics: ORTEPII (Johnson, 1976). 

MURST (40%) and Programma Finalizzato CNR- 
Rome are gratefully acknowledged for financial support. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SK1097). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The molecular structures of five 3,4-dihydro-2H,5H- 
pyrano[3,2-c] [ 1 ]benzopyran-5-one derivatives, namely, 
cis, anti- 7,7a, 8,9-tetrahydro - 7 - phenyl - 6H, 10all- furo- 
[2',3':2,3]pyrano[5,6-c] [ 1 ]benzopyran-6-one [C20H1604, 
(I)], cis-2-ethoxy-3,4-dihydro-4-furyl-2H,5H-pyrano[3,2- 
c][ 1 ]benzopyran-5-one [C18 H16 05, (II)], cis-2-ethoxy-3,4- 
dihydro-4-phenyl-2H,5H-pyrano[3,2-c] [ 1 ]benzopyran- 
5-one [C20H1804, (III)], cis-2-ethoxy-3,4-dihydro-4- 
(2-nitrophenyl)-2H,5H-pyrano[3,2-c] [ 1 ]benzopyran-5- 
one [C20HI7NO6, (IV)] and methyl cis-2-ethoxy-3,4- 
dihydro-5-oxo-4-phenyl-2H,5H-pyrano[3,2-c][ 1 ]benzo- 
pyran-4-carboxylate [C22H2006, (V)] have been studied 
by single-crystal diffractometry. The conformation of the 
dihydropyran ring is compared with that found in 36 
entries in the Cambridge Structural Database [version 
of 28 February 1997; Allen & Kennard (1993). Chem. 
Des. Autom. News, 8, 31-37]. A scatterplot of the 
conformation of 46 independent molecules is shown. 
These molecules present a more or less distorted half- 
chair conformation, with few exceptions; in particular, 
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