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Communications

Novel Approach to the Synthesis of Ring Systems
Containing Phosphorus, Nitrogen, and Sulfur or Selenium

Inorganic ring systems are frequently used as precursors for
polymers with inorganic backbones, which are of considerable
interest because of their unusual physical properties.!? Conse-
quently, new procedures for the synthesis of inorganic heterocycles
that may be of general application are important. The conden-
sation reaction (eq 1) is a potentially versatile route to cyclic

-Me,SiX
X—A=N—SiMe, (1/n)(-A=N-), (1)

oligomers or linear polymers. Although this method has been used
for the preparation of poly(organophosphazenes),! it has had
limited success for the preparation of inorganic heterocycles.’

An alternative route to inorganic ring systems (or polymers)
containing nitrogen, which takes advantage of the known sus-
ceptibility of N-S(Ph)* or N-Se(Ph)’ bonds towards homolytic
cleavage, is depicted in eq 2. As a test of this synthetic approach

A"N(SiMeg)z +
-2MeySiCl
2PhECI

A-N(EPh), —2% (1 /m)(-A=N-), (2)
E =8, Se

we report here the preparation of eight-membered PNS and PNSe
rings via reaction 2 and the X-ray structure of one of the products,
Ph4P,N,S;Ph,. These ring systems are potential precursors for
polymers based on PNSN or PNSeN backbones.6

The reaction of 1a or 1b with 3 molar equiv of PhSCI or PhSeCl
in methylene dichloride gives good yields of the eight-membered
rings R,P,N,E,Ph, (2a, R = Ph, E = S; 2b, R = Ph, E = Se; 2¢,
R = Me, E = S) (eq 3). Benzenesulfenyl chloride (12.6 mmol)

Eh
NSiMe, B
/ -Ph,E, N No
R,P + 3JPHECI 224 Rp PR,
“Nesim €=S,Se) N N
(SiMe,), ~g— (3)
Ph
la, R=Ph 2a,R=Ph,E=§
1b, R =Me 2b, R =Ph,E = Se
- 2c,R=Me,E=§
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Figure 1. ORTEP drawing (50% probability ellipsoids) of 1,5-
Ph,P,N,S,Ph, (2a). Selected bond lengths (A) and bond angles (deg):
S(1)-N(1) = 1.620 (4), S(1)-N(2) = 1.624 (5), P(1)-N(1) = 1.622 (5),
P(1)-N(2a) = 1.614 (4), S(1)-C(13) = 1.793 (6), P(1)-C(1) = 1.814
(5), P(1)-C(7) = 1.806 (6); N(1)-S(1)-N(2) = 108.8 (2), N(1)-
P(1)-N(2a) = 119.7 (2), S(1)-N(1)-P(1) = 117.4 (3), S(1)~N(2)-P-
(1a) = 117.1 (3).

was added dropwise by syringe to a stirred solution of 1a™8 (4.2
mmol) in CH,Cl, (50 mL) at 0 °C. After 16 h the removal of
solvent under vacuum followed by extraction of the solid residue
with pentane gave Ph,S, (60%). Recrystallization of the pen-
tane-insoluble product from CH,Cl, afforded coloriess crystals
of 2a, mp 238-240 °C, in 65% yield.” The reaction was monitored
by *'P NMR spectroscopy, and the precursor of 2a was observed
at 5(*'P) +33.0 ppm. This resonance is tentatively assigned to
the trisubstituted derivative, Ph,PN,(SPh);, but this intermediate
could not be isolated due to its low thermal stability.
Compound 2b was obtained in a similar manner from the
reaction of 1a with PhSeCl in a 1:3 molar ratio. It was identified
by comparison of IR and 3P NMR spectra with those of an
authentic sample prepared from 1a and PhSeCl, [5(*'P)(in
CH,Cl,) +33.2 ppm; cf. literature value of +33.6 ppm].!1® Ph,Se,
was isolated in 54% yield from reaction 3. The reaction of 1b
with 3 molar equiv of PhSCl in CH,Cl, at 25 °C produced 2c,
mp 218-220 °C, in 25% yield after recrystallization from CH,-
Cl,,'"" and a quantitative yield of Ph,S,. The related compound
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Ph,P,N,S5,Me, has been prepared from Me,S(NH), via a
three-step process involving the use of the explosive reagent
Me,S(NBr),.'2

In order to confirm the cyclic structure of the sulphur-containing
products, an X-ray structural analysis of 2a was carried out.!* The
molecular geometry and atomic numbering scheme are illustrated
in Figure 1. The molecule is an eight-membered chair with the
sulfur atoms displaced by 0.938 (5) A on either side of the
least-squares plane through P,N,. The exocyclic phenyl groups
attached to the sulfur atoms occupy axial position with respect
to their NSN planes [the angle between the S-C bond and NSN
plane is 72.5 (3)°] but equatorial positions with respect to the
P,N, plane [the angle between the S-C bond and P,Nj, plane is
11.8 (2) A]. Similar ring conformations have been observed for
l,S'ph4p2N4SZBI‘2M and ],5'ph4p2NAS%M%.10 The S-N and P-N
bond lengths in 2a are equal within experimental error, and the
average values are 1.622 (3) and 1.617 (4) A, respectively, com-
pared to 1.527 (6) and 1.621 (8) A for the corresponding bonds
in 1,5-Ph,P,N,S,Br,.'* Thus, the replacement of Br by a Ph
group results in a substantial lengthening of the S-N bond.

In view of the ready accessibility of both main-group and
transition-metal reagents of the type AN(SiMe;),,'* the application
of the organosulfur/selenium methodology represented by eq 2
is potentially capable of extension to a range of nitrogen-containing
heterocycles wider than those from the condensation reaction (eq
1). The mild reaction conditions and the fact that the diary!
dichalcogenides can be recycled (after reaction with SO,Cl,) are
attractive features of the new route to inorganic heterocycles
exemplified by eq 3. The formation of eight-membered rings is
in marked contrast to the reaction of PhCN,(SiMe,); with 3 equiv
of PhECI (E = S, Se), which produces the intensely colored azo
compounds trans-PhENC(Ph)N==NC(Ph)NEPh!¢ via the res-
onance-stabilized radicals PhC(NEPh),*.!® The mechanistic
implications of eq 3 are under investigation.
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Bis(phenylimido) Complexes of Niobium and Tantalum
Prepared by o-Hydrogen Abstraction Reactions

Transition-metal organoimido compiexes! are involved in a
number of industrial processes and synthetic methodologies in
which the imido moiety is transferred to an organic substrate,?
such as the ammoxidation of propylene® and the amination* and
aziridination® of olefins. Imido ligands have also proven useful
as ancillary groups in olefin and acetylene metathesis,® alkane
activation,” and ring-opening metathesis polymerization? systems.
Single metal sites coordinated by more than one imido ligand are
presently restricted to the group 6—8 metals.! By analogy to the
known bis{alkylidenes) L,M(=CHR), of niobium and tantalum,’
we have sought to synthesize their related bis(imido) L,M(=NR),
complexes. Herein, we demonstrate this analogy through the
a-hydrogen abstraction preparation of bis(imides) of group 5 and
verify a structural parallel to their bis(alkylidene) congeners.

Upon reaction of Ta(NEt,),Cl;(OEt,)!® with 2 equiv of LiN-
HAr in THF (room temperature, 36 h, Ar = 2,6-diisopropyl-
phenyl), a yellow complex forms in high yield but is isolated only
as an oily solid. By addition of pyridine to the THF reaction
solution, yellow-orange crystals of compound 1 can be obtained
in ca. 60% yield. The absence of a ¥(N-H) mode in the IR
spectrum of 1, the lack of NH or ethyl resonances in its 'H NMR
spectrum, and its elemental analysis all support the formulation
of 1 as the bis(imido) complex Ta(=NAr),Cl(py),.!! The
analogous complex of niobium, orange Nb(=NAr),Cl(py), (2),
is prepared from [Nb(NEt,),Cl,],!® by a parallel procedure.
Examining solutions of the initial yellow compound (which has
not yet been induced to crystallize) led us to formulate this species
as the THF adduct Ta(=NAr),CI(THF),. 'H and *C NMR
measurements of 1 and 2 reveal that each compound’s phenylimido
ligands lie in a molecular plane of symmetry and are equivalent,
thereby requiring a C,, molecule. Thus, both imido ligands must
be either situated in the equatorial plane of a TBP or occuping
its axial sites, with the chloride ligand necessarily equatorial in
either case (although fluxionality could lead to a C,, structure
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(11) Analytical data for Ta(=NAr),Cl(py); (1) are as follows. 'H NMR
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similar spectroscopic data.
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