A.J. ADAMSON et al. 971

Absorption correction: h=0—-6
refined from AF (DI- k=0—20
FABS;, Walker & Stuart, 1 =—-40 — 40

1983)

Tin = 0.83, Trax = 1.18
3372 measured reflections
3049 independent reflections
1317 observed reflections

[/ > 30(D]

3 standard reflections
monitored every 150
reflections
intensity variation: 1.09%

Refinement

Refinement on F Weighting scheme based on
R = 0.068 measured e.s.d.’s

wR = 0.066 (A/0)max = 0.081

5=425 Aprax =030 e A3

1317 reflections

283 parameters

All H-atom parameters
refined except H on
methyl C18, fixed

Table 7. Fractional atomic coordinates and equivalent

Apmin = —033 ¢ A3

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. 1V)

isotropic displacement parameters 7% for (4)

Ueq = (1/3)2,’2](/,;,’0?0;3,‘.3]'.

X y z Ueq
Fl1 0.9691 (6) 0.0290 (5) 0.5589 (1) 0.050 (2)
F2 0.8437 (6) 0.0300 (6) 0.6321 (1) 0.052 )
F4 0.1739 (6) 0.3322 (6) 0.5990 (1) 0.046 (2)
N10 0.2821 (9) 0.3259 (8) 0.5232 (2) 0.034 (3)
NI11 0.439 (1) 0.1846 (10) 0.6548 (2) 0.049 (4)
Cl 0.772 (1) 0.1084 (10) 0.5679 (2) 0.037 4)
C2 0.712 (1) 0.1089 (10) 0.6054 (2) 0.039 (4)
C3 0.507 (1) 0.191 (1) 0.6173 (2) 0.037 4)
C4 0.372 (1) 0.2570 (9) 0.5884 (2) 0.029 (3)
C4a 0.426 (1) 02579 9) 0.5487 (2) 0.033 4)
Cs 0.194 (1) 0.393 (1) 0.4576 (2) 0.037 4)
C6 0.247 (1) 0.388 (1) 0.4193 (2) 0.044 (4)
c? 0.453 (1) 0.315 (1) 0.4060 (2) 0.041 (4)
C8 0.603 (1) 0.2495 (10) 0.4334 (2) 0.037 (4)
C8a 0.553 (1) 0.2499 (9) 0.4724 (2) 0.032 (4)
c9 0.696 (1) 0.1795 (10) 0.5006 (2) 0.034 (4)
C9a 0.637 (1) 0.1806 (9) 0.5387 (2) 0.032 (4)
Cl0a 0.341 (1) 0.3228 (10) 0.4855 (2) 0.033 (4)
Cl2 0.580 (1) 0.2243 (10) 0.6867 (2) 0.039 4)
C13 0.785 (1) 0.309 (1) 0.6846 (3) 0.046 (5)
Cl4 0.918 (1) 0.345 (1) 0.7160 (3) 0.046 (4)
C15 0.853 (1) 0.295 (1) 0.7528 (2) 0.042 (4)
Cl16 0.646 (1) 0.211(1) 0.7553 (2) 0.050 (5)
C17 0.512(1) 0.175 (1) 0.7235(2) 0.043 (4)
C18 1.002 (1) 0.330(1) 0.7882 (3) 0.069 (S5)
C19 0.507 (2) 0.317 (2) 0.3649 (3) 0.066 (6)

Table 8. Selected geometric parameters (A, °) for (4)

N10—Cda 1.326 (7) C5—C6 137 (1)
N10—Cl0a 1.366 (8) C5—Cl0a 1.403 (9)
NI1—C3 1.375 (9) C6—C7 1.43 (1)
N11—C12 1.408 (9) c7—C8 139 (1)
cl—c2 1.36 (1) Cc7—Cl19 1.48 (1)
C1—C9% 1.401 (9) C8—C8a 1.40 (1)
Cc2—C3 1.43 (1) C8a—C9 1.394 (9)
C3—C4 1.372 (9) C8a—Cl0a 1.449 (9)
C4—Caa 1.421 (8) C9—C9% 1.379 (9)
C4a—C9a 1.432 (9)

C4a—N10—C10a 117.8 (6) C8a—C9—C9a 1209 (7)
N10—C4a—C9a 1233 (7) C4a—C9a—C9 118.4 (6)
C9—C8a—Cl0a 116.4 (7) N10—Cl0a—C8a 123.1 (6)

The crystals of (2) were extremely thin and a rotating-anode
source had to be used. Data collection: MSC/AFC Diffractome-

©1994 International Union of Crystallography
Printed in Great Britain — all rights reserved

ter Control Software (Molecular Structure Corporation, 1988).
Cell refinement: MSC/AFC Diffractometer Control Software.
Data reduction: TEXSAN PROCESS (Molecular Structure Cor-
poration, 1985). Program(s) used to solve structure: TEXSAN,
MITHRIL (Gilmore, 1984). Program(s) used to refine structure:
TEXSAN LS. Molecular graphics: TEXSAN, PLUTO (Mother-
well & Clegg, 1978). Software used to prepare material for pub-
lication: TEXSAN FINISH. Literature survey: CSSR (1984).

Lists of structure factors, anisotropic displacement parameters, H-atom
coordinates and complete geometry have been deposited with the IUCr
(Reference: HA1078). Copies may be obtained through The Managing
Editor, International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England.
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Abstract

The crystal structure of the title compound (3-pyridyl
selenocyanate, C¢H4N,Se) has been determined by X-
ray analysis. As expected, the Se—Cg, bond of length
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1.863 (8) A has greater double-bond character than the
Se—Cgz bond of length 1.929 (6) A. The C3—Se—C7
bond angle is 94.8 (3)° and the torsion angle C2—C3—
Se—C7 is 46.1 (6)°. There are two short intermolecular
contacts involving the Se and an N atom of two adjacent
molecules [Se- - N1 2.843 (7) and Se- - -N2 3.387 (6) A},
which, with the two atoms covalently bonded to Se, form

an approximate square-planar geometry about the metal
atom,

Comment

As an extension of our previous conformational stud-
ies on the methylselenylpyridines (Dunne, Summers &
von Nagy-Felsobuki, 1992a), selenobispyridines (Dunne,
Summers & von Nagy-Felsobuki, 1992b) and dipyridyl
diselenides (Dunne, Summers & von Nagy-Felsobuki,
1993), we report the crystal structure of 3-selenocyanato-
pyridine, (I).

AN
@

The Se—C3 bond length (see Fig. 1) of 1.929 (6) A
agrees well with those found in diphenyl diselenide
[1.93(5) A (Marsh, 1952)], di-p-tolyl selenide [1. 92A
(Blackmore & Abrahams, 1955)] and selenoanisole
[1.912(13) A (Zaripov, Golubinskii, Chmutova & Vilkov,
1978)]. The Se—C7 distance of 1.863 (8) A is signifi-
cantly shorter, as expected, due to the greater contribu-
tion of s character by the cyano C atom. Companson of
this bond length in the title compound with those in 1,4-
diselenocyanatobenzene [1.837 (23) A (McDonald & Pe-
tit, 1970)] and methylselenocyanate [1.851 A (Sakaizumi,
Kohri, Ohashi & Yamaguchi, 1978)], suggests that the for-
mer has less double-bond character.

Cs

C4

Fig. 1. The environment around the Se atom in the crystal with atomic
numbering.

C6H4ste

While the cyano C7—N2 distance of 1.139 (10) A
and the C3—Se—C7 bond angle of 94.8 (3)° are con-
sistent with values reported for comparable structures,
the selenocyanate group deviates slightly from linear-
ity [Se—C7—N2 175.3 (6)°] as also noted for selenium
diselenocyanate and 1,4-diselenocyanatobenzene (Mc-
Donald & Petit, 1970). The pyridine ring geometry de-
viates little from previously reported values (Sorensen,
Mahler & Rastrup-Andersen, 1974). The r.m.s. deviation
of the Se and ring atoms from planarity is only 0.014 A,
while the selenocyanate group is twisted from the plane,
as reflected in the C2—C3—Se—C?7 torsion angle of
46.1 (6)°. This is consistent with electron diffraction stud-
ies which report similar torsion angles [40 (13)° in se-
lenoanisole (Zaripov, Golubinski, Chmutova & Vilkov,
1978), 45 (10)° in thioanisole (Zaripov, 1976), 68 (2)°
in benzeneselenenyl bromide (Zaripov, Popik, Vilkov &
Mannafov, 1980) and 72 (3)° in benzenesulphenyl chlo-
ride (Zaripov, Popik & Vilkov, 1980).]

Gas-phase and solution-state conformational studies of
substituted aryl selenocyanates have shown that the para-
substituted phenyl selenocyanates, 4-RCsH4SeCN (R =
H, NO,, NH3), are planar when R is an electron-donating
group (Yarkova, Saliufullina, Chmutova & Bautina,
1979), although the coplanarity of the CsHsSeCN moiety
has been disputed when R is electron withdrawing (Chmu-
tova, Bautima & Vereshchagin, 1976). ortho-Substituted
phenyl selenocyanates, 2-RCsH;SeCN (R = Me, Cl, Br,
NO,), were similarly found to exist as planar or nearly
planar anti conformers. meta-Substituted phenyl seleno-
cyanates, 3-RCcH4SeCN (R = Me, Cl, Br, NO,), were
found to exist as a mixture of syn and anti forms: the pro-
portion of the latter and the torsional angle (C—Se—C—
N) increasing with increasing electron-withdrawing abil-
ity of the substituent R (Chmutova, Bautina & Vereshcha-
gin, 1981). Therefore, it would be anticipated that 3-
selenocyanatopyridine exists in a nonplanar form.

The electronegative N atom in pyridine withdraws
electron density from the ortho and para positions of
the ring, leaving the meta C atoms somewhat elec-
tron deficient. The increased electron density in the
meta position favours the planar conformation of 3-
selenocyanatopyridine by enhancing the C,—Se3, over-
lap. However, steric interactions between the seleno-
cyanate arm and adjacent ring H atoms tend to displace
the system from coplanarity. The measured torsion angle
(46°) must therefore result from the steric strain between
C7 and H2 and the intermolecular forces exerted on the
substituent arm. Chmutova & Bock (1976), and Dunne,
Summers & von Nagy-Felsobuki (1992a) concluded from
photoelectron spectra of PhXMe and PyXMe systems, re-
spectively, that the conjugation between the valence np
electrons of the XMe group and the ring 7 system and,
accordingly, the probability of planar conformation, de-
creases in the order O > S > Se > Te, as a result of both
electronic and steric concerns.
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Two close contacts between the Se and N atoms less
than the sum of their van der Waals radii, Se--
(, 3 —y, 1 +2)of 2843(7) A and Se---N2 (1 - x,
-y, l -2 of 3.387 (6) A, together with the two atoms
covalently bonded to Se, form an approximate square-
planar geometry around the Se atom (Fig. 1); the five
atoms are coplanar to within 0.13 A and the angles sub-
tended at Se range from 85.9 (4) to 94.8 (3)°. A similar
arrangement was also reported for the structure of 1,4-
diselenocyanatobenzene (McDonald & Petit, 1970). In
that structure, the Se atom makes intermolecular contacts
with neighbouring N atoms of 3.06 and 3.32 A, and the
angles at the Se atom range from 78 to 101°. In the struc-
ture of the title compound, the contact between Se and H2
(2.92 A), while greater than the van der Waals sum, has a
significant influence upon the substituent geometry, pre-
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Table 1. Fractional atomic coordinates and equivalent

isotropic displacement parameters (A?)

Beq = (87 /3)2 Y jUyar a a;.a;.

x y z Beg
Se 0.21493 (8) 0.12455 (9) 0.39283 (6) 3.17Q2)
N1 —0.0268 (7) 0.2196 (7) 0.0059 (6) 3.5(2)
Cc2 0.0893 (8) 0.2029 (8) 0.1237 (6) 3.02)
C3 0.0398 (8) 0.1463 (7) 0.2250 (6) 2.6(2)
C4 -0.1410 (9) 0.1031 (8) 0.2072 (8) 3.4(2)
Cs ~0.2654 (9) 0.1266 (9) 0.0855 (8) 42(2)
C6 —0.2023 (9) 0.1828 (9) —0.0102 (8) 39(2)
c7 0.3914 (8) 0.0225 (9) 0.3357(7) 3.6(2)
N2 0.5072 (7) —0.0394 (9) 0.3092 (6) 4.7(2)

Table 2. Selected geometric parameters (A,°)

cluding the planar conformation.

Experimental

Crystals were obtained by the procedure described by Dunne,

Summers & von Nagy-Felsobuki (1992¢).

Crystal data

C6H4ste

= 183.1
Monoclinic
PZ]/C
a=7710 (1) A
b=8132(1)A
c=11024(2) A
B = 108.16 (1)°
V=656.8 (3) A’
Z=4

= 1.851 Mg m~3

Data collection

Rigaku AFC diffractometer
w/(26 scans
Absorption correction:
SHELX76 Gaussian
(Sheldrick, 1976)
Tin = 0.208, Tiax =
0.370
1246 measured reflections
1032 independent reflections
752 observed reflections
[F > 10.00(F)]

Refinement

Refinement on F
R=0.038

wR = 0.058

§=282

752 reflections

85 parameters

Only H-atom U’s refined
w = 1/[c(F) + 0.00035F%)
(A/O’)max = 0.001

Cu Ka radiaation

A=15418 A

Cell parameters from 25
reflections

9 = 23-39°

g =713 mm

T=291 (1)K

Prismatic

0.220 x 0.135 x 0.090 mm

Colourless

-1

R = 0.028

Omax = 65.0°

h=-9—-9

k=0—>9

I =0->13

3 standard reflections
monitored every 50

reflections

Apmax = 058 ¢ A3

Apmin = —0.68 € A3

Extinction correction:
SHELX76 (Sheldrick,
1976)

Atomic scattering factors
from International Tables
for X-ray Crystallogra-
phy (1974, Vol. 1V, Table
2.3.1)

Se—C3 1.929 (6) C3—Ca 1.391 9)
Se—C7 1.863 (8) C4—C5 1.398 (10)
N1—C2 1.335 (8) C5—C6 1.371 (13)
N1—C6 1.342 (9) C1—N2 1.139 (10)
Cc2—C3 1.368 (10)

C3—Se—C7 94.8(3) C2—C3—C4 119.5 (5)
C2—N1—C6 116.7 (5) C3—C4—C5 117.3 (5)
N1—C2—C3 123.7 (5) C4—C5—C6 118.8 (6)
Se—C3—C2 121.6 (4) N1—C6—C5 123.9 (6)
Se—C3—C4 1189 (5) Se—C7—N2 175.3 (6)

During data collection, the intensities of the standard reflec-
tions gradually decreased to 7.8% of their original values.
The data were scaled accordingly. The structure was solved
by the heavy-atom method and refined by full-matrix least
squares with SHELX76 (Sheldrick, 1976). The H-atom coordi-
nates were calculated and the atoms given a common isotropic
temperature factor [5.8 (10) A?). Calculations were performed
on a VAX8800 computer. Molecular graphics: ORTEPII (John-
son, 1976). Software used to prepare material for publication:
Xtal3.0 (Hall & Stewart, 1990).

Lists of structure factors, anisotropic displacement parameters and H-
atom coordinates, as well as a molecular structure diagram and a stere-
oview of the unit cell have been deposited with the IUCr (Reference:
AS1090). Copies may be obtained through The Managing Editor, Inter-
national Union of Crystallography, 5 Abbey Square, Chester CH1 2HU,
England.
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Abstract

The title compound, C4HgNgO,, has a calculated crys-
tal density of 1.84 Mg m—>. It lies on a crystallographic
twofold axis passing through the midpoint of the C4—C4!
bond [symmetry code: (i) —x, —y, z]. The five-membered
nng has a flattened envelope conformation with C4 ly-
ing 0.17 A out of the plane of the other four atoms. The
geometry at one of the ring N atoms (N1) is planar and
that at the other (N3) is slightly pyramidal. There is a cis
junction between the fused five-membered rings (H—C—
C—H = —13.1°) with a dihedral angle of 62.7° between
the ring planes. The hydrogen-bonding system contains
one intra-intermolecular bifurcated bond and one linear
intermolecular bond.

Comment

The title compound, (I), is a nitramine explosive with un- -

usually high thermal stability since it decomposes with-

©1994 International Union of Crystallography
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CgH4N,Se

out melting at 599K (Kony & Dagley, 1994). The pre-
dicted density for this compound (assuming all the N—H
protons are hydrogen bonded) is 1.84 Mg m~3 (Cichra,
Holden & Dickinson, 1980), which is in agreement with
the calculated crystal density.

Q

N N O‘N,o N N ;N,o
; .
N N N N
/ [
O~N N N N
(‘ N N o +
+ 0o
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- -/
N N
0
N N N
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This X-ray structure analysis (Fig. 1) was performed
to compare the structural features of (I) with those found
for other energetic molecules containing N—H bonds and
nitro groups. The bond lengths around C2 indicate that
the double bond is delocalized, giving rise to three pos-
sible resonance forms (shown above). The X-ray results
show that for (I) there are three unique N—H- - -O hydro-
gen bonds. H1 is the donor in a bifurcated bond, compris-
ing an intramolecular bond to O2B and an intermolecu-
lar bond to 024’ (N1—HI1 = 0.940, N1.--02B = 2.621,
HI...02B = 2.075, N1..-024’ = 2.863, H1.--024' =
2.015A, NI—H1-.-02B = 1154, N1—H1---024' =
149.1 and O2B- . -H1---024’ = 88.4°), while H3 is the
donor atom in a single linear intermolecular hydrogen
bond to a second symmetry-related 024 (N3—H3 =
0.927, N3...024” = 2.899, H3---024" = 1.975 A and
N3—H3. . 024" = 174.6°). In all, each molecule partic-
ipates in ten hydrogen bonds which link it to eight neigh-
boring molecules (Fig. 2).

2-Nitroiminoimidazolidine, the monocyclic analogue
of (I) (Nordenson, 1981) shows a similar pattern of intra-
and intermolecular hydrogen bonding. However, it dif-
fers from this structure in that the linear bond is an
N—H: - N interaction rather than an N—H- --O inter-
action and, as a result, one of the two nitro O atoms
does not participate in any hydrogen bonds. Similar
hydrogen bonding was also found in the high-melting
compounds nitroguanidine (Bryden, Burkardt, Hughes

Fig. 1. Structure of (I) showing 20% probability displacement ellipsoids.
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