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Refinement of the Crystal Structure of 3,5-Diamino-1,2,4-dithiazolium Iodide

By P. F. RODESILER AND E. L. AMMA
Department of Chemistry, University of South Carolina, Columbia, South Carolina 29208, U.S.A.

(Received 17 August 1970)

The crystal structure of 3,4-diamino-1,2,4-dithiazolium iodide (SC:N3H4l) (thiouret hydroiodide)
(DADT*I-) has been refined by full-matrix least-squares methods, including anisotropic temperature
factors from counter data collected at room temperature, to a final R index of 0-032. The crystals are
orthorhombic, space group Pemn, Z=4, a=14-025 (6), b=9-274 (3), c=5-349 (1) A. The structure is
composed of molecular ions, DADT, and iodide ions with somewhat shorter than normal nonbonded
distances B}hﬁr{};nhem. The DADT*" ion, including hydrogen atoms, is planar well within exper-

imental error.
The shortest ‘non

Introduction

Thiourea [SC(NH,),] reacts with a number of oxidizing
agents including some metal ions to form a disulfide
linkage [(NH,),C-S-S-C(NH,),]>+. Dithiobiuret, on the
other hand,isa much stronger reducing agent than thio-
ureaand can be oxidized by iodideion. During a systema-
tic investigation of thiourea and dithiobiuret metal com-
plexes, we prepared3,5-diamino-1,2,4-dithiazoliumiod-

ide, DADT*I- |H,N-CZ NC-NH, |I-, theringclo-

sure oxidation product of dithiobiuret. This particular
ion is also known by the trivial name of the thiouret
ion. We decided it would be of interest to examine the
crystal structure of this compound to see the effect
of the disulfide linkage and electron delocalization on
the C-S and C-N bond lengths and to compare these
distances with those found by us in the metal com-
plexes of dithiobiuret and thiourea. An earlier single-
crystal structure investigation was reported (Foss &
Tjomsland, 1956, 1958) from two-dimensional data.
Unfortunately, we were unaware of this work until
our structure was completed. But since this earlier
research was based on only two-dimensional data, we
decided to report the structure solution based on
three-dimensional counter data.

Experimental

3,5-Diamino-1,2,4-dithiazolium was prepared by dis-
solving dithiobiuret in an aqueous 20% hydroiodic-
acid solution with a pinch of iodine. Single-crystals
suitable for diffraction studies were grown by slow
evaporation of the solution. Preliminary Weissenberg
and precession photographs established the space
groups as Pc2n or Pcmn (International Tables for X-ray
Crystallography, 1952). The latter was assumed and
verified by the structure solution and refinement.
A crystal specimen in the shape of a parallelepiped
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S-S, C-S, C-N distances are 2-:083 (3); 1-752 (5), 1-317 (7); 1-330 (6) A, respectively.
nded’ S- - -1 distance is 3746 (2) A.

(0-22x0:16 x0-36 mm) was mounted about the long
direction (¢) in a glass capillary and used for the collec-
tion of intensity data on a Picker automatic diffrac-
tometer utilizing Zr-filtered Mo Ko radiation. A
capillary was necessary because the crystal reacted
with or dissolved in the common adhesives.

Ten general reflections were accurately centered and
used as a basis for a least-squares refinement (Spofford,
1968) of the cell parameters at room temperature with
Mo Ka radiation (A=0-71068 A). The crystal data are:
a=14-025 (6), b=9-274 (3), c=5-349 (1) A, Dcarc =247
Dobs=2-48 (1); Z=4, F.V. 261-0, V=696-0 A3, space
group Pcmn. (Numbers in parentheses here and else-
where in this paper are estimated standard deviations
in the least significant digits.)

The crystal was accurately centered on the dif-
fractometer by variations of well known methods
(Furnas, 1957). Intensities of 1650 independent hk/
reflections were measured by stationary-counting back-
grounds and scanning peaks by the usual 6-26 tech-
nique with Mo Ko radiation. Reflections 40 through
hk3 were recorded for 108 seconds (1-8° in 26) and the
backgrounds were measured at +0-90° in 26 from the
peak maxima for 40 seconds. For hk4 through hk8
the reflections were recorded for 114 seconds (1:9°)
and the backgrounds were measured at +0-95° in 260
from the peak maxima for 40 seconds. A random
sampling of symmetry-related reflections gave agree-
ment within less than a standard deviation and no
systematic variation was detected; thereafter only the
symmetry-independent data were collected. A standard
reflection was measured after every tenth reflection to
ensure stability of operation and check any crystal
decomposition. The total variation in intensity of this
standard peak during data collection was less than
three standard deviations. But it showed a slow overall
downward drift during the data-collection period,
probably indicating some crystal decomposition by
the X-ray beam. All the data were scaled to the
original standard to correct for this decomposition.
The integrated intensity was calculated from:



ization corrections were

applied to the intensities which were then reduced to

structure factors.
Structure determination

Lorentz—polar
trogen atom in the mirror plane and the iodine

has some effect on the anisotropic temperature factors.
the general positions of Pc2in or in Pcmn with the

ther on the mirror or on centers of symmetry.
An unsharpened Patterson (Sly-Shoemaker-van den
Hende) function was computed and the iodine atom
located in the general positions of Pcmn. A set of

Four molecules of DADT*I~ can be accommodated in
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ing
each reflection. The standard deviation of I(net) was

(B1+By)

tp

Is
[I(Scan) + (ts/tb)z(Bl + Bz)]llz.

A reflection was considered above background when
I(net) was greater than 3-49[B;+ B,]'/2 for hk0 = hk3

I(scan)—

sum of background count
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I(net)
made. Neglect of an absorption correction probably was located on the mirror and the sulfur atoms were

lated linear absorption coefficient (u) was 54-7 cm™!
makes our error estimates somewhat optimistic and

853 nonzero hk/ reflections were retained. The calcu-
with Mo Ka radiation. No absorption correction was

where B, and B, are the background counts, ¢;=scan
and 3-59[B;+ B,]1/2 for hk3>hk8. By this criterion

calculated from of/(net)]

time and ¢
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Table 1. Structure factors

(a) Observed and calculated (first column is 4 followed by Fo-and Fe. F¢/10 is absolute).
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Fig. 1. Perspective view of the DADT* molecule with distances and angles indicated. The two halves of the molecular ion are
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related by a mirror plane and the angles are denoted on one half and the distances on the other half.
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Table 1 (cont.)

(b) Unobserved and calculated. These are on same scale as (a).
The 400, 201, 531, 151 and 002 reflections listed here are in
reality not unobserved but, in fact, not included in the refine-
ment because of poor background measurements or equipment
malfunctions.

Fmta S 1F(calc); < 20% Faia (80)
L= 0 12 9 48 315 4 2 6 4 7 0 74 1 6 65 3 3 71
19 + 65 310 64 L= 2 10 6 63 11 2 45 2 6 58 1 4 66
9 7 §7 1111 62 9 0 5 7 9 61 8 5 46 9 6 Ly 1 5 75
o014 6 1211 58 12 1 L7 L= 4 3 8 54 0 7 55 3 5 61
115 69 112 80 510 47 19 0 4 3 9 52 6 7 58 4 5 52
La 1 412 50 &13 48 11 1 ¥ 6 8 72 10 7 B8 5 5 78
1 0 48 213 51 L= 3 15 3 66 7 9 57 Lte 7 L= 8
11 0 8 713 51 16 0 58 & 8 69 L= 6 4 0 B 1 1 58
16 1 52 114 60 17 0 60 8 8 57 2 2 47 2 1 44 1 2 by
13 56 69 214 72 11 1 45 12 8 50 &4 3 4 10 1t 50 1 3 §3
15 6 52 514 56 6 2 53 9 9 71 1 4 59 1 2 44 5 4 57
10 7 56 614 80 17 2 53 510 46 13 4 50 10 2 59
1M 8 4 215 53 9 5 U5 L=5 155 2 3 8
2:0x Frgn< F(calc) <30x Fain (10)
L= 1 16 105 L= 4 1 1" 2
12 1106 L= 3 110 9 LZ.7| LE§5 3 1no
3.2 97 4 2105 L= 56 1 3108 0 0 95
30x Fmia< F(calc) (12)
L= 0 2 0924 5 3691 0 0906 Le 4 2 9175 La
4 01395 9 2188 1 5 705 L= 3 4 21 L= 6
Le 17 12 2270 L= 2 6 7231 LZ 55 7 160 2 2s

structure factors was calculated with these atomic
coordinates using program ORFLS (Busing, Martin
& Levy, 1962) with local modifications. The resultant
reliability index, R, was 0-26. The remainder of the
non-hydrogen atoms were located from three-dimen-
sional electron density sections (Harris, 1964) com-
puted with phases based on the sulfur and iodine
positions. A full-matrix isotropic refinement for all
non-hydrogen atoms converged to a conventional R
value of 0-10. Refinement with anisotropic temperature
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factors for iodine converged to an R of 0-057 and
refinement with anisotropic temperature factors for
all non-hydrogen atoms converged to an R of 0-043.
A difference Fourier map at this point clearly resolved
the hydrogen atoms. The inclusion of variables for the
two hydrogen coordinates and a constant isotropic
temperature factor for hydrogen of 3:0 A2 further
reduced R to 0-032. The least-squares refinement was
performed with program ORFLS, modified locally for
use on the on the IBM 7040 computer (Busing, Martin
& Levy, 1962). Atomic scattering factors for the
iodide ion, neutral carbon, nitrogen and sulfur (Cro-
mer & Waber, 1965) were used. Real and imaginary
dispersion corrections were applied to the iodine and
the real correction was applied to sulfur (Cromer, 1965;
Ibers & Hamilton, 1964); H-atom scattering factors
were from Stewart (Stewart, Davidson & Simpson,
1965). We minimized the function >w(|Fo| —|F¢|)?, and
the observations were weighted on counting statistics
and a 4% intensity factor (Busing & Levy, 1957).
Atomic parameter shifts for the last cycle of refinement
were less than 0-0lg. The final disagreement index
R(R=Z||Fol—|F||/Z|F,l), weighted R=[Zw|F,|—
|Fol|// Zw|Fol?]t/2 and standard error [Zw(F,— Fc)?/
(NO-NV)'2, where NO=852 and NV=46, were
found to be 0-032, 0-042 and 1:35, respectively. A
final difference map was relatively featureless with
the largest positive peak + the peak height of the hy-
drogen peaks found earlier.

Observed, unobserved and calculated structure
factors are listed in Table 1. Final atomic coordinates
and thermal parameters are given in Table 2. Inter-
atomic distances, angles and errors, which were com-
puted with the ORFFE program with local modifi-

Table 2. Final atomic positional parameters, thermal parameters and e.s.d.’s*
Anisotropic temperature factors of the form: exp [ —(B1142 + B22k2 + B3312+ 2B12kh+ 21381+ 2f13k1) x 104]

X y z
I(1) 0-6074 (0) 0-7500 (-) 0-3252 (1)
S(1) 0-4151 (1) 0:6377 (2) —0-2294 (3)
N(1) 0-3376 (4) 0-5006 (5) 0-1540 (10)
N(2) 0-3347 (5) 0-7500 (-) 0-1788 (12)
C(1) 0-3572 (3) 0-6286 (6) 0-:0604 (9)
H(1) 0-355 (5) 0-433 (7) 0-008 (16)
H(2) 0-301 (6) 0-498 (8) 0-313 (14)

* Numbers in parentheses here and in succeeding tables are e.s.d.’s in the least significant digits. (-) indicates a fixe

B B22 B33 B2 b3 Ba3
40 (0) 56 (1) 184 (2) 0() 7 (1) 0(-)
39 (1) 58 (1) 159 (4) 3() —=20(1) 4 (2)
48 (3) 56 (5) 224 (17) —=2@3) 26(7) 1409
31 (3) 59 (6) 157 (19) 0() 70 0(-)
21 (2) 62 (6) 136 (15) 1(3) 2(5) —-1(8)
0(-) 0(-) 0(-) 0(-) 0(-) 0(-)
0 0() 0 0-) 0(=) 0()
d parameter.

Table 3. Equations of least-squares plane of the type AX+BY+ CZ—D=07

A= —0-8856, B=0-0001,

C=—0-4644, D= —4-5855

Deviations of atoms from the least-squares plane (A):

S(1) 0-000 (1) S(2) 0-000 (1) N(1) 0-010 (4)
N(2) —0016(5) N(3) 0-010 (4) C(1) —0-002 (3)
C(2) -—0-002(3)
Deviation of atoms from the least-squares plane that were not considered in the plane (A):
I1) -—3767(4) H(1) 0-15 (5) H(Q2) 0-07 (6)
H(3) 0-15 (S) H4) 0-07 (6)

t X, Y, and Z refer to atom positional parameters in A. All atoms across the mirror plane were considered and they were

equally weighted in the least-squares plane (Rollett, 1965).

A C27B - 1*
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cations on the IBM 7040 (Busing, Martin & Levy,
Results and discussion

1964), are shown in Figs. 1, 2 & 3. Table 3 contains

the least-squares plane (Spofford, 1967).
& 3). Bond lengths and angles in the isolated (DADT)+

separated by normal nonbonded distances (Figs. 1, 2
ions are shown in Fig. 1. The overall agreement with
the results of Foss & Tjomsland (1958) is surprisingly
good considering the authors’ analysis was made with
two-dimensional photographic data. Table 3 reveals

The crystal structure may be described as 3,5-diamino-
1,2,4-dithiazolium (DADT)* ions and iodide ions

perimental error. It is noteworthy that the (DADT)*
ion in (DADT)*Br~ (Hordvik & Joys, 1965), (DADT)*

that the (DADT)* ion is planar and well within ex-
Cl.4H,0 (Hordvik & Sletten, 1966) is planar as is the
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degrees of accuracy on five-membered conjugated

cyclic disulfides, of which DADT* is a representative
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and short intermolecular S-X distances. Note that in

@ 681 ‘(@) 9¢-1

(1) 8¢-1

) 661 “(S) 6€-1

@ Le1

(€) op-1

(M os-1 (1) 6¢-1

6) sve-1 ‘(1) ve 1

(©) g1 “(€) Se-1

(9) ogg1
(GEOILIN S

Table 4 one of the shortest S-S distances (3-Ph-1,

(8) 8TL-T “(8) 0TL L
W) evL-1 ‘W TILx
#) LOL-T “(P) 8L9-1

M SL1 (N Ly

(6) €L9-1
‘§) L9-1
(1oLt
@) L9°1
(8) 8291
(L) 9SL-T “(L) L9LT
© -1 “© L1
() esL1

o-S

(©) 1L1

ussoau (jeussur) Sull 0 uoqIed = (D-ONUIN-)
uol WNHONIIP-7*T-0PIUe)0eIP-¢e =, 1LA-Z'[-OVA §°€

Uot WINIOIYIP-Z [-OUNWeIp-¢‘e = LA-TI-VA §'€

uo1 wnIoIIp 1 =+1LA T'T

[Ausyd =yq

ol WNIOZEIYIP-H T [-OUIWEIP-6°E = , LAV

(9) 0z-€ (9) S68-T
@) 61¢-€ “(7) 691-€
<

(S) sLo-T

@) 80T

9) 170-C

(1) 00-C

(8) 8007

(1) €0

() ¥00-C

() £90-T

(8) 180-C

(€) €80-C

S-S

$9IN)BOUSWON

YILA)N
Yd1apd
HELa

-194+1LA-T1-9VA-S‘e

-1:1d " Z°I-va-s‘e

O%H * -1D+1dT1-Ud-¥

~L+XA-TI-Ud-€
-39, 1d-2 1-Ud-b
-I+1a-zt+4d-v
-NOS+LA-T +ud-¥
O%H% " -D+lava
ag.rava
-I.1avda

hig
Ay

(2

)

4143

/(\l\/
—
=
—
.
.

, respectively.

o
4

r

axis. The e.s.d.’s of S-I, I-I, H-I and H-H are 0-002, 0-001,

Fig. 2. Perspective view of the molecular packing down the ¢
0:07 and 0-1 A



P. F. RODESILER

2-DT+) is accompanied by one of the shortest I-S
intermolecular distances (3-37 A). A similar situation
exists for 4-Ph-1, 2-DT+SCN-. Therefore, it seems
unlikely that charge is simply transferred from X to
the sulfur and in particular to an antibonding S-S ¢
molecular orbital as has been postulated. If, indeed,
charge is accepted by DADT*, it would go into a
relatively low lying n* molecular orbital (Rodesiler &
Amma, 1970). The acceptance of electronic charge
into a delocalized n* molecular orbital would also
make the S-S difference not as sensitive to intermolec-
ular interactions as would otherwise seem. It is
worthy of note that ‘short’ nonbonded S-S distances
exist, intrachelate and interchelate, in both Ni(DTB),
(Lith, Hall, Spofford & Amma, 1969) and Pd(DTB),
(Girling & Amma, 1968). It is unfortunate that the
3,5 DA-1,2-DT+*I- structure is not complete since
this would give a measure of the effect of the ring
nitrogen atom and the external amide group on the
S-S and C-S distances. At this point the S-S distances
seem to be more readily rationalized in terms of
electron-attracting groups relative to sulfur, e.g.
—NH, and —-CO-NH,, rather than intermolecular
sulfur-halogen interactions.

The S-C distance in DADT™ is definitely longer
than in DTBH (Spofford & Amma, 1970) as one
would expect from delocalization of the 7 electrons
involved in the C-S bond. Unfortunately, owing to
the magnitude of the standard deviations, little com-
parison can be made of the C-S distances in the
compounds listed except to note that in the dithiolium
s:Its this distance is ~1-68 A and in the dithiazolium
salts it is~1-75 A.
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The C-N internal distances in DADT* have also
been elongated over those of free dithiobiuret and this
also can be understood in terms of electron delocaliza-
tion. On the other hand, the terminal C-N distances
found in DADT* and dithiobiuret do not seem to
differ significantly.

The angles in DADT* (Fig. 1) are somewhat dif-
ferent from those of dithiobiuret simply because of the
ring closure and the C-S-S angle of 927 (2)°. This may
also contribute to some of the differences in distances
between dithiobiuret and DADT™.

We wish to acknowledge support from the National
Institutes of Health, Grant No. GM-13985.
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and 2-Bromothiophene. A Note
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The conclusions from the electron diffraction study of Harshbarger & Bauer are discussed. It is thought
that they have not established that the thiophene ring deviates from C,, symmetry.

Introduction

In their investigation of the molecular structures of
thiophene, 2-chlorothiophene and 2-bromothiophene,
Harshbarger & Bauer (1970) (hereafter to be abbre-
viated to HB for convenience), made the attempt to
establish whether the thiophene ring geometry is im-
mutable upon substitution, as it must be assumed to be
in benzene and s-triazene. To this end HB determined
the structures of 2-chlorothiophene and 2-bromothio-
phene by gas-phase electron diffraction. They conclu-
ded that their investigation clearly shows that in these
compounds the thiophene ring deviates from C,, sym-
metry when halogen atoms are attached to the 2 posi-
tion, and that, although their diffraction analyses did
not distinguish between two slightly different molecular
models, other physical and chemical evidence favoured
one of these.

However, a careful comparison of these two models,
A and B, and of the standard deviations of the geometry
parameters (see Tables 1 and 2) suggests that a sym-
metric C,, structure which is an ‘average’ of 4 and B
or even a completely undistorted thiophene ring might
also fit nicely in with the electron diffraction data, the

more so as the convergence difficulties involved in the
greatly correlated parameter set in the unrestrained
unsymmetrical refinement as described by HB, might
decrease considerably by introducing parameter con-
straints vig a symmetrical ring. At least, one could
investigate quantitatively the significance of .the un-
symmetric ring used by HB in relation to a C,, ring
or a thiophene ring by least-squares refinements of all
these structures, and subsequent comparison of resid-
uals, standard deviations ezc.

In this note the results of such a comparison are pre-
sented.

Results

The HB procedure was followed as closely as possible
(Bonham & Bartell, 1959). Their observed intensities
were reproduced by careful reading of their photogra-
phically enlarged Figs. 5 and 7 for integral g values.
This of course introduces additional, though small,
random errors compared with HB’s data. Scattering
factors for Br were taken from Cromer, Larson & Wa-
ber’s (1964) tables, and those for C, H, S and Cl from
Hanson, Herman, Lea & Skillman’s (1964) data. All
refinements were carried out with our ALGOL-60



