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Introduction

In comparison to sulfur—nitrogen (S—N) chemistry,? the study
of selenium-nitrogen (Se-N) compounds has been relatively
limited.> In S-N chemistry, S4N, is widely used as a starting
material for the preparation of other cyclic and acyclic S-N
derivatives.? There has been increasing interestin the preparation
of novel Se-N compounds from Se,N, as exemplified by the
preparation of the cations SesN;* and (S;N;**),,* metal
derivatives of the SesN-and Se;N,2- anions,’ and the coordination
complexes [CIM(NSeCl)]; (M = W, Mo).5 These examples
demonstrate that this Se-N heterocycle is a useful source of new
Se—N systems.

There are two well-established methods for the synthesis of
Se;N4. The first involves the reaction of (CH3;CH;0),;SeO with
gaseousammonia in benzene.” The disadvantages of this method
arelow yields® and the time-consuming synthesis of (CH;CH,0),-
SeO. The second method uses the reaction of SeX,4 (X = Br, Cl)
or SeO, with liquid ammonia at 70-80 °C, which produces Se;N,
in up to 75% yields but requires high-pressure apparatus.*®® An
easier, high-yield synthesis of SesN, would therefore be useful.}©

We describe here two practical routes for the preparation of
small amounts of Se;Ny4: (a) the reaction of (Me;Si);NLi with
a mixture of Se,Cl; and SeCl, (designed to give a Se:Cl ratio of
1:3) and (b) the reaction of [(Me;Si);N],Se!!"}2 with SeCl,.!3
Both reactions are carried out in dichloromethane at —78 °C.
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Experimental Section

Reagents and General Procedures. Solvents were dried and freshly
distilled under a nitrogen atmosphere before use: dichloromethane (P40;0)
and diethy! ether (Na/benzophenone). All reactions and the manipu-
lations of air- and moisture-sensitive reagents were carried out under an
atmosphere of nitrogen (99.99% purity), passed through P4Ojo. The
commercially available reagents Se,Cl, (Aldrich), (Me3Si);NH (Aldrich),
and n-BuLi (1.6 M solution in hexanes, Aldrich) were used without further
purification. Literature procedures were used for the preparation of [(Me;-
Si):N1:Se [6('H) (in CH2Cly) 0.25 5, cf. lit. 0.27 s (in CCly)!! and 0.33
s (in C¢Dg);'28(""Se) (in CHyCla) 1129 ppm, cf. lit. 1130 ppm (in C¢Dg)!?],
SeCly,'¥ and SesN4.2 The identity of SeCly!4 and Se4N4!S was confirmed
by comparison of IR spectra with those reported in the literature.

Instrumentation. Infrared spectra were recorded as Nujol mulls
between KBr disks on a Mattson 4030 spectrometer. 'H NMR spectra
were obtained by use of a Bruker ACE 200 instrument, and chemical
shiftsarereported relative to neat TMS. 7’Se NMR spectra were recorded
by using a Bruker AM 400 spectrometer, and chemical shifts are reported
relative to neat (CH3),Se, [6(CHj3):Se = 6(SeO,) + 1302.6 ppm]. The
analysis for Se was carried out by a slightly modified literature
procedure. 1617

Preparation of SeqNy. Caution! Dry, purified SesNy is extremely
explosive when heated or subjected to mechanical stress, e.g. a metal
spatula. It is strongly recommended that Se4N4 be stored and handled
under a hydrocarbonsolvent. The preparation of Se4N, should be limited
to small amounts (<1.0 g). Since the detonation of even sub-gram
quantities of Se4N4 can be quite destructive, a polycarbonate blast shield
should be employed and the experimenter should wear heavy-duty gloves
and ear protection.

(a) Reaction of (Me3Si);NLi with Se;Cl; and SeCly. A mixture of
(Me;3Si);NH (0.80 g, 5.0 mmol) in diethyl ether (10 mL) and »#-BuLi
(5.0 mmol, 3.1 mL of a 1.6 M solution in hexane) was stirred at 0 °C
for 1 h. Solvents were then removed under vacuum, and the product
(Me;Si);NLi was dissolved in CH,Cl; (10mL). This solution was added
dropwise, with stirring, to a mixture of Se;Cl; (0.19 g, 0.83 mmol) and
SeCl, (0.74 g, 3.36 mmot) in CH,Cl; (10 mL) at —78 °C. The reaction
mixture was allowed to warm slowly to room temperature, and stirring
was continued for 16 h. The red precipitate was removed by filtration
and washed with acetone (2 X 10 mL), 10% aqueous KCN solution (4
X 10 mL), water (4 X 10 mL), and CH;Cl: (2 X 10 mL) to give SesN,
(0.309 g, 0.83 mmol, 66%) as a bright orange powder. Anal. Calcd for
N4Ses: Se, 84.9. Found: Se, 85.9. IR (¢cm-!): 797 s, 784 s, 565 (vs,
sh), 530 m, 426 s (cf. lit.!* 838 vw, 800's, 788 s, 624 yw, 570 vs, 534 m,
425s).

(b) Reaction of [(Me3Si);N]:Se with SeCly. A solution of [(Mes-
Si);N]:Se (0.20 g, 0.50 mmol) in CH,Cl; (5 mL) was added dropwise
to a slurry of SeCl, (0.11 g, 0.50 mmol) in CH,Cl; (10 mL) at ~78 °C.
The reaction conditions and purification procedure were the same as
those described in method a, and Se4N4 (0.066 g, 0.177 mmol, 71%) was
obtained as a bright orange powder. Anal. Calcd for N4Seq: Se, 84.9.
Found: Se, 84.2. IR (cm!): 795 m, 781 s, 623 w, 577 vs, 556 s, 532
m, 424 s.
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Results and Discussion

The reaction of (Me;Si);NLi with SeOCl, produces the
thermally unstable selenium diimide Me;SiN=Se==NSiMe;,!?
while treatment of (Me;Si).NLi with Se,Cl, gives rise to [(Me;-
Si);N],Se!!-12 and [(Me;Si),N],Se,.'2!'* In order to prepare
SesN, from (Me;Si),NLi and selenium halides, via cyclocon-
densation, it is desirable to use selenium in an average oxidation
state of +3. A mixture of Se,Cl, and SeCl, in a 1:4 molar ratio
yields a Se:ClI ratio of 1:3.2 When this mixture is treated with
(Me;Si);NLi in CH,Cl, at -78 °C and the resultant mixture
allowed to warm to room temperature, pure SesN, is isolated as
a'bright orange powder in 66% yield. The purification of SesN,
is easily achieved by the standard procedure of washing with 10%
aqueous KCN solution to remove red selenium, selenium halides,
and selenium oxides’ and with water to remove lithijum chloride.
The reaction filtrate was shown to contain only Me;SiCl (6 0.39
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ppm) by 'H NMR spectroscopy. Thus this preparation of Se,N,
can be represented by eq 1.

12(Me,Si),NLi + 2Se,Cl, + 8SeCl, —
3Se,N, + 24Me,SiCl + 12LiCl (1)

The reaction of [(Me;Si),N],Se with SeCl, was shown to form
SesN, as reported earlier (eq 2).'2'2 In this investigation the

2[(Me,Si),N],Se + 2SeCl, — Se,N, + 8Me,SiCl (2)

yield of purified Se,N was 71%. The quantitative conversion of
[(Me;Si);N],Se (8 0.25 ppm) into Me;SiCl (8 0.39 ppm) was
established by monitoring the reaction by 'H NMR spectroscopy.

Since [(Me;Si);N],Se!® must first be prepared from (Mes-
Si),NLi, method a (eq 1) represents the preferred route to Se,N.
Compared to the existing syntheses of SesN,’-° this method is
quick and relatively safe and utilizes readily available starting
materials. Thus it should facilitate studies of this interesting
heterocycle.
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