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The CS2N3
• radical has been shown to fulfill all the criteria

for being classified as a pseudohalogen. It is a strongly bound
planar univalent radical (CS2N3

•), which can form anions ([CS2N3]-,
1), hydracids (HNNNSCdS,2), neutral dipseudohalogen species
((CS2N3)2, 3), and the interpseudohalogen compound (CS2N3-
CN, 4).

The termpseudohalogenwas introduced in 1925 for strongly
bound, linear or planar univalent radicals (Y•, e.g., Y) CN, OCN,
N3, SCSN3), which can form anions (Y-), hydracids (H-Y), and
neutral species (Y-Y, dipseudohalogens) as well as the inter-
pseudohalogens (X-Y, X ) halogen or pseudohalogen)1a-c and
has remained a widely used concept ever since. However, while
many pseudohalogens (e.g., CN, N3, OCN etc.) are known, often
the corresponding pseudohalide acids, dipseudohalogens, and
interpseudohalogens are thermally highly unstable (e.g., HN3,
OCN-NCO, N3SCS-SCSN3)2-4 or elusive species (e.g., N3-
N3, OCN-N3).5,6 The structures of dipseudohalogens, pseudoha-
lide acids, and interpseudohalogens attract great interest as
structural determinations of such species in the solid state by X-ray
crystallography are extremely rare. Moreover, few species actually
fulfill all the original and necessary criteria outlined 75 years ago.

We report here the preparation, characterization (IR, Raman
13C NMR, 14N NMR), and X-ray structure determination of four
molecular pseudohalogen compounds formally derived from the
CS2N3 pseudohalogen radical (Scheme 1): (i) the pseudohalide
anion [CS2N3]- (1) in the salt [Na]+[CS2N3]-‚4H2O, (ii) the
pseudohalide acid HNNNS-CdS (2), (iii) the neutral dipseudo-
halogen (CS2N3)-(CS2N3) (3) and (iv) the interspeudohalogen
compound CS2N3-CN (4).

The synthesis of sodium azidodithiocarbonate ([Na]+[1]-) was
first reported in 1915 by Sommer from the cycloaddition reaction
between CS2 and NaN3.7 However, it was not until 1991 that the
structure of the [CS2N3]- anion was preliminary determined by
X-ray diffraction to be that of a five-membered ring (1).8 In the
present study we found a new solvate and the salt to contain four
molecules of water coordinated (Figure 1, Scheme 2).9

The corresponding free pseudohalide acid, HNNNSCdS (2),
however, has so far not been conclusively identified. In an early
paper on this topic, the authors claimed to have prepared a
compound of the composition HCS2N3.12 While IR spectrum was

reported, the essential question as to whether this species contains
S-H or N-H connectivity remained unanswered. We reacted
sodium azidodithiocarbonate, [Na]+[CS2N3]-‚4H2O with HCl
(Scheme 1)13 and obtained HCS2N3 (2) as a temperature-sensitive,
white solid. Single crystals suitable for X-ray diffraction were
obtained by recrystallization from methanol at low temperature.
The14N NMR spectrum showed the presence of three peaks which
correspond to the three ring nitrogen atoms, (40, 2,-118 ppm,
rel. to MeNO2); however, it was observed that one of the ring
nitrogen peaks was dramatically shifted upfield with respect to
the [CS2N3]- starting material (70, 9,-20 ppm, i.e.,-20f -118
ppm). This indicated the presence of an N-H connectivity. This
conclusion was confirmed for the solid state by X-ray structure
determination (Figure 2).
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Figure 1. Structure of [Na]+[CS2N3]-•4 H2O ([Na]+[1]‚4 H2O). Bond
lengths (Å): S1-C1 1.6964, S2-N3 1.6816(7), C1-N1 1.3403(9), N2-
N3 1.286(1), N3-Na 2.5054(7), Na-O 2.4247(7); bond angles (deg):
C1-S2-N3 91.69(3), S1-C1-S2 124.30(4), S1-C1-N1 126.57(5),
S2-C1-N1 109.11(5), C1-N1-N2 112.27(6), N1-N2-N3 116.91(7)-
S2-N3-N2 110.03(5).

Scheme 1
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The dipseudohalogen3 was first reported by Sommer, Browne
et al. as the oxidation product of [Na]+[1]- with either perman-
ganate or H2O2 as a white solid which is highly explosive even
when kept under water.7,17 We found that3 can best be obtained
from oxidation of [Na]+[1]- in H2O with XeF2 in acetone (Scheme
2) and recrystallization from cold acetone.18 The molecular
structure of this dipseudohalogen is shown in Figure 2.

The new interpseudohalogen CS2N3-CN (4) can be obtained
from the reaction of [Na]+[CS2N3]-‚4 H2O and cyanogen bromide,
BrCN (Scheme 1).20 The unstable CS2N3-CN species was
unambiguously identified by low-temperature NMR (13C, 14N),
Raman, and FT-IR spectroscopy. The low-temperature13C NMR

spectrum shows two singlet resonances, one at+171 ppm (cf.
[CS2N3]-, δ 13C +194.8 ppm),22 and the other at+106 ppm (cf.
Et-SCN,δ 13C +112 ppm).23 In the14N NMR spectrum four well-
resolved peaks are observed. The three peaks at+82, +23, and
-5 ppm are attributed to the three ring nitrogen atoms and com-
pare with those of the starting material ([Na]+[CS2N3]-, +70,
+8, -21 ppm).22 The peak at-90 ppm is assigned to the SCN
moiety (cf. Et-SCN,δ 14N -103 ppm).24a,b Crystals suitable for
an X-ray diffraction study were grown by the rapid evaporation
of acetone from a saturated solution, with the crystals obtained
being stable for several days if at-25 °C. The X-ray structure
shows the presence of the exocyclic sulfur-cyanide bond (Figure
2).

As the CS2N3• radical fulfills all of the requirements outlined
by Birkenbach1c for a species to be considered a pseudohalogen
(see above), the reported species [CS2N3]- (1), HNNNS-CdS
(2), (CS2N3)-(CS2N3) (3), and CS2N3CN (4) can be classified
conclusively as a pseudohalide (1), a pseudohalide acid (2), a
dipseudohalogen, and an interpseudohalogen (4). The calculated
absolute electronegativity ofø(CS2N3) ) 7.0 eV25,26lies between
that of iodine and bromine (ø(I) ) 6.8 eV, ø(Br) ) 7.6)27 and
therefore the more familiar analogues to1, 2, 3, and4 would be
either [I]-, HI, I2, and I-CN or [Br]-, HBr, Br2, and BrCN.

Caution: [Na][CS2N3]‚4 H2O and (CS2N3) are explosive and
thermally unstable species, BrCN is highly toxic and appropriate
safety precautions should be taken.
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Figure 2. Structures of HNNNSCdS (2), (CS2N3)2 (3) and CS2N3-CN
(4) (ORTEP plots).2: bond lengths (Å): S1-N3 1.706(3), S2-C 1.661-
(3), N1-C 1.346(4), N2-N3 1.260(4), C-S1 1.722(3), N1-N2 1.351-
(4); bond angles (deg): C-N1-N2 117.8(3), N1-N2-N3 112.7(3), S1-
N3-N2 112.2(2), N1-C-S2 127.1(2);3: bond lengths (Å): S2-S2’
2.041(1), S2-C 1.741(3), S1-N3 1.674(3), S1-C 1.692(3), N3-N2
1.278(4), N2-N1 1.358(4), N1-C 1.310(4); bond angles (deg): C-S2-
S2′ 100.5(1), C-S1-N3 89.8(1), S1-N3-N2 111.6(2), N1-N2-N3
115.6(3), C-N1-N2 110.7(3).4: bond lengths (Å): S1-C2 1.699(2),
C2-N4 1.305(2), N4-N5 1.364(3), N3-N5 1.276(3), S1-N3 1.670(2),
C2-S6 1.756(2), S6-C7 1.697(2), C7-N8 1.139(3); bond angles
(deg): S1-C2-S6 122.7(1), N4-C2-S6 124.6(1), C2-N4-N5 110.2-
(2), N3-N5-N4 115.9(2), S1-N3-N5 111.8(2), C2-S1-N3 89.5(1),
C2-S6-C7 97.5(1), S1-C2-N4 112.7(2), S6-C7-N8 172.6(2).
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