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2,5-Di-N-chlorothioimirto-3,4-dicyanothiophene: 
A Novel Monomer of Unusual Molecular and 
Solid-State Structure 

Sir: 

The title compound (1) was a molecule we sought as a pos
sible monomer for the preparation of polymers of unsaturated 
sulfur-nitrogen-carbon backbone.1 These polymers are of 
interest because they are expected to exhibit high electronic 
conductivity in the solid state in analogy2 to (SN)x . Here we 
describe the preparation and some properties of this hetero-
cycle and its unique solid-state structure. 

The S-chlorosulfurimino functional group is rare3'4 and was 
isolated only in the case of highly electronegatively substituted 
small molecules.5 It was, therefore, uncertain whether the title 
compound could be prepared and isolated for complete char
acterization. Fortunately, the mild conditions shown in eq61 
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afforded 1 in good yield as red crystals: IR (KBr) 2230 (vw), 
1530 (s), 1500 (s), 1345 (s), 1240 (w), 892 (s), 841 (s), 820 (m) 
cm"1; MS (m/e) 296 (P + 2), 294 (P), 259 (P - Cl), 224 (P 
- Cl2), 192 (P - SCl2), 146 (P - NSCl2), etc. Anal. Calcd for 

Table I" 

Figure 1. Molecular structure of 2,5-di-A'-chlorothioimino-3,4-dicy-
anothiophene. 

C6Cl2N2S3: C, 24.41; Cl, 24.07; N, 18.98; S, 32.54. Found: C, 
24.21; Cl, 23.93; N, 18.66; S, 32.83. Since attempts to deter
mine its 13C NMR spectrum failed owing to low solubility in 
most appropriate solvents and molecular weight determinations 
in solution again failed because of the instability of the com
pound in suitable solvents, we had to resort to X-ray structure 
determination.7 

Data were collected on a 0.2 X 0.2 X 0.2 mm crystal 
mounted on a glass fiber. The orthorhombic C-centered (space 
group Cmcm) solid with extinctions hkl (h + k ^ 2n);h0l (h 
= In, I j ^ 2n) had the following cell constants: a = 6.327 (3), 
b = 9.678 (8), c = 17.337 (17) A; a = /3 = y = 90°; V = 
1061.7 A3; X = 0.710730 A (based on computer centering of 
25 reflections followed by least-squares refinement of the 
setting angles). Calculated density was 1.847 g/cm3 for four 
molecules per unit cell of above dimensions.8 

Intramolecular bond angles and bond distances are shown 
in Table I; molecular and solid-state structures are shown in 
Figures 1 and 2. The most striking features of the molecular 
structure are planarity and the inward folding of the S-Cl 
bonds such that the S-I to Cl-I distance (cf. Table I and 
Figure 1) of 3.29 A is 0.26 A shorter than the sum of Van der 
Waals radii for S and Cl.9 

The solid-state structure reveals uniform stacks along the 
a axis and sheets along the b-c plane. The closest intermo-
lecular contact (3.110 A) is between Cl-I and N-2 of two 
molecules within a sheet in the b direction (cf. Figure 2). 

Although compound 1 could be considered an acid chloride 

atom atom 2 distance 
Bond Distances in Angstroms 

atom 1 atom 2 distance atom atom 2 distance 

S-I 
S-I 
S-2 
S-2 

Cl-I 
C-I 
Cl-I 
N-I 

3.290(1) 
1.775(1) 
2.049(1) 
1.583(1) 

N-I 
N-2 
C-I 
C-2 

C-I 
C-3 
C-2 
C-3 

1.283(2) 
1.136(2) 
1.439(2) 
1.431 (2) 

C-2 C-2 1.363(3) 
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Bond Angles in Degrees 
atom 2 atom 3 angle atom 1 atom 2 atom 3 angle 

C-I 
Cl-I 
S-2 
S-I 

S-I 
S-2 
N-I 
C-I 

C-I 
N-I 
C-I 
N-I 

91.3(1) 
111.29 
138.5(1) 
129.0(1) 

S-I 
N-I 
C-I 
C-I 

C-I 
C-I 
C-2 
C-2 

C-2 
C-2 
C-2 
C-3 

110.2(1) 
120.8(1) 
114.13(8) 
122.5(1) 

C-2 
N-2 

C-2 
C-3 

C-3 
C-2 

123.39(9) 
178.5(2) 

" Numbers in parentheses are estimated standard deviations in the least significant digits. 

0002-7863/80/1502-4283$01.00/0 © 1980 American Chemical Society 



4284 Journal of the American Chemical Society / 102:12 / June 4, 1980 

Figure 2. Stereoview of solid-state structure of molecules depicted in Figure 
1. 

(sulfenyl chloride), it is stable to the atmosphere in the solid 
state and can be recrystallized from chlorinated solvents but 
is unstable in solution in polar (e.g., acetonitrile) or Lewis basic 
(e.g., THF) solvents. Nucleophiles and reducing agents attack 
this molecule readily.10 Reaction paths are complicated; for 
example, treatment with excess tetrabutylammonium iodide 
in homogeneous solution affords a conducting (260 Qcm 
compaction), black, amorphous solid of empirical formula 

C 3 8 H 3 6 N 1 8 S 9 =UC 2 2 N 1 7 S 9 ) - • (C4H9J4N+] , , !1 

The (C4Hg)4N+ ion can be exchanged completely by TTF+-
[TTF3(BF4)2] in benzonitrile to produce a solid 
[(C18H4N8Sg)n] which exhibits a compaction conductivity10,11 

of 19 fi cm. 
The physical, chemical, and solid-state properties of mate

rials derived via condensation and reduction reactions of the 

title compound are being actively pursued10 and will be de
scribed elsewhere and in future publications. 
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Supplementary Material Available: Positional and thermal pa
rameters and temperature factors for 1 (1 page). Ordering information 
is given on any current masthead page. 
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Book Reviews 
Kirk-Othmer Encyclopedia of Chemical Technology. Volume 6. Edited 
by M. GRAYSON. Wiley/lnterscience, New York. 1979. xxiii + 869 
pp. $120.00. 

From Chocolate and Cocoa to Coffee, from Chromium to Copper, 
from Contact Lenses to Contraceptive Drugs, with diversions to Coal, 
Color, and Computers, this is a fascinating volume. As usual for the 
series, the articles include some historical background, some eco
nomics, a quantity of chemistry that varies according to the subject, 
and many tables and illustrations. There are 34 entries, which thus 
average over 20 pages each, contributed by experts drawn largely from 
American industries. The editing has been thorough, such that the 
treatment of such pervasive subjects as physical units, chemical no
menclature, structural formulas, etc., is consistent throughout. The 
quality of both production and content is high. 

Aldehydes—Photometric Analysis. Volume 5. Formaldehyde Pre
cursors. By EUGENE SAWICKI and CAROLE R. SAWICKI. Academic 
Press, London and New York. 1978. xi + 408 pp. £22.00. 

A great variety of compounds can give rise to formaldehyde under 
environmental or biological conditions or in the laboratory. The re
activity of the formaldehyde provides a means for analysis, utilizing 
one of the several color-forming reactions with such reagents as 
chromotropic acid (naphthalene-l,8-diol-3,6-disulfonic acid). Ter
minal olefins, all varieties of /V-methyl compounds, methyl sulfoxides, 
etc., are amenable to this sort of determination. This book is a thor
ough treatment of the subject, covering both established analytical 
methods and reactions with analytical potential. For each type of 
substance, a wealth of ancillary information is given, with emphasis 
on environmental and biological occurrence and significance. Ex
perimental procedures are described, and the reactions involved are 
elucidated by structural equations. Access to desired information is 
provided by a detailed index, plus an extensive table of precursor 
substances with the reagent used to generate formaldehyde from them, 
and references. The bibliography contains 1537 references. 

* Unsi gned book reviews are by the Book Review Editor. 

Advances in Heterocyclic Chemistry. Volume 24. Edited by A. R. 
KATRITZKY and A. J. BOULTON. Academic Press, New York. 1979. 
xi + 461 pp. $48.00. 

Advancing knowledge has made out of date so many areas of het
erocyclic chemistry that were adequately reviewed ten to fifteen years 
ago, that a major effort is warranted to bring the subjects abreast of 
current understanding. In this volume, no less than seven subjects of 
earlier chapters have been brought up to date: Quinazolines (WJ.F. 
Armaregs); Three-membered Rings with Two Heteroatoms (E. 
Schmitz); Physicochemical Aspects of Purines (J.H. Lister); Reissert 
Compounds (F.D. Popp); Pyridazines (M. Tiller and B. Stanovnik); 
Selenium-Nitrogen Heterocycles (I. Lalezari, A. Shafiee, and M. 
Yalpani); and Pyrrolizindines (DJ. Robins). There are two chapters 
on new subjects: Benzo[c]cinnolines (J.W. Barton), and 1,4-Thiazines 
(RJ.Stoodley). 

Certain of the contributors have been careful to state the period over 
which they have reviewed the literature (e.g., "through 1976", "to the 
middle of 1976", etc.), but others have unfortunately made no mention 
of this important matter, and one has written "the past 25 years", 
without stating the year of termination, and another has written the 
vague description "during or after 1979". One misses a subject index 
in a work such as this, although it must be conceded that it would have 
to be fairly large. There is the usual cumulative index of titles of 
chapters beginning with Volume 1, however. The quality of this vol
ume maintains the high standard of the series, and it continues to be 
an invaluable reference; the number of references in a chapter ap
proaches 1000 in some cases, and the patent literature has not been 
neglected. 

Organic Electronic Spectral Data. Volume XV. 1973. Edited by J. P. 
PHILLIPS, D. BATES, H. FEVER, and B. S. THYAGARAJAN. 
Wiley/lnterscience, New York. 1979. xiii + 1194 pp. $55.00. 

This series continues vigorously, collecting the enormous amount 
of new data on the visible and ultraviolet spectra of organic substances. 
A team of contributors have made the bibliographic searches, and the 
information has been processed at the University of Louisville to 


