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THE SYNTHESIS OF PHOSPHINO-, ARSINO- AND STIBINO-
SUBSTITUTED SULFUR DIIMIDE HETEROCYCLES IN
TRANSITION METAL COMPLEXES

MAX HERBERHOLD AND KLAUS SCHAMEL
Laboratorium fiir Anorganische Chemie der Universitit,
Universititsstrage 30, D-8580 Bayreuth, F.R.G.

ALFRED GIEREN AND THOMAS HUBNER
Institut fir Anorganische und Analytische Chemie der
Universitédt, Innrain 52a, A-6020 Innsbruck, Austria

Abstract The reaction of pentacarbonylchromium
complexes Cr(CO)s['BuECl;] (E = P, As, Sb) with the salt
K.SN, (1:1) leads to the formation of either six~ or
eight-membered sulfur diimide heterocycles. Coordination
compounds such as Cr(CO)s ['BuE(NSN)SNH] (E = P, As)
and Cr(CO)s['!BuE(NSN),E!Bu] (E = As, Sb) have been
obtained, and the X-ray crystallographic structure of
(CO),Cr[tBuﬁ(NSN)SNH] has been determined. A compara-
tive structural study of transition metal complexes
containing the boat-shaped eight-membered ring
tBuAs(NSN),As!Bu as a ligand (L) reveals high flexibility
of the ring system. Non-bonding transannular As:-As
distances between 313 and 396 pm have been observed.

INTRODUCTION

In addition to bis(trimethylsilyl) sulfur diimide, S(N-SiMe,);, the
salt K;SN, ' is a valuable starting material for the synthesis of
sulfur diimide heterocycles. Thus, several arsenic(III)-containing
rings 2»* and cages 3'* have been synthesized via the reactions
of K,SN; with arsenic(III) chlorides such as tBuAsCl; 2,
MeCH(As'BuCl); ®, RCH(AsCl,), (R = H, Me) 3, ['!BuNAsCl], and
AsCly ¢, The eight-membered ring 'BuAs(NSN),As!Bu (1b) - which
is analogous to the known compounds RAs(NSN),AsR (R = methyl 3%,

phenyl ¢, mesityl ¢) - can be prepared from ‘'BuAsCl, and either
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S(N-SiMes ). or K;SN;, and the less stable antimony analogue lc is
similarly accessible from 'BuSbCl,. However, the corresponding
phosphorus compound (la) could not be obtained from !'BuPCl,
(cf. 7).

/E\ /E\ (E =P (1a}, unknown)
tau” \ NsgzN7/ Bu E=astin)?

Nxg=N E = Sb(1c)®

PREPARATION OF THE COMPLEXES

In an attempt to synthesize the missing boat-shaped ring system
la in the protecting coordination sphere of a transition metal
complex, the pentacarbonylchromium compound Cr(CO)s[t!BuPCl,]
(2a) was treated with K,SN, (l:1) in acetonitrile suspension.
However, a PS,Ns; six-membered ring system was formed. In
addition to Cr(CO)s['BuP(NSN)SNH] (3a) ® (yield 20%), two
aminophosphane complexes Cr(CO)s [P('Bu)(NH;),] and
(co)sCr[(!Bu) (NH, )P(NSN)P(!Bu)(NH,)JCr(CO)s (pair of enantiomers,
ratio 5.5 : 1) were isolated in yields of 5 and 10%, respectively.
The corresponding reactions of Cr(CO)s[PhPCl,] and Cr(CO)s[PCl,]
with K,;SN, (1:1) led also to the formation of six-membered
heterocycles, i.e. Cr(CO),[RI"EJ_Sﬁ)—SI:IH] (R=Ph and NH,,
respectively).

No products containing eight-membered phosphorus-
nitrogen-sulfur rings were isolated, although Chivers et
al. 7 have recently described the binuclear complex
trans-(CO)sCr[(iPr,N)P(NSN),P(NiPr,)1Cr(CO)s which contains an

almost planar P,N,S; ring.
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=S

tg /N’ \/N
U
o E /N\H\s
Bu |
~g-cl cricol,  Eth g
0 0 s(3b
c | ¢
Cr [CH4CN)
T -KCl
o€ Co N¢S§N
8 ‘BU\ 7/ NﬁstN\ /(BU
E-~ ~E
E=P (2a) |
As(2b) c,(co)s E = As (4b)
Shi2g) Sbisc)

From the reaction of Cr(CO)s[!BuAsCl;] (2b) with K,SN,,
products with either six- or eight-membered rings (3b and 4b)
were obtained. It was not possible to attach a second complex
fragment ([Cr(CO)s] or [CpMn(CO),] (Cp = n®-cyclopentadienyl)) to
the free arsenic atom of Cr(CO)s[!BuAs(NSN),As!Bu] (4b). However,
both thermolysis and photolysis in solution convert 4b into the
known chelate complex Cr(CO).[{tBuAs(NSN),As!Bu] (5b) which can
be directly synthesized !%!! from lb and the precursor of

tetracarbonylchromium fragments, Cr(CO).(nor-C,Hs) (nor-C,H,

= norbornadiene).
8
Oc 7 O
MZ M=Cr; E = As(5Db)
/(':\E Sb(5c)
tBu”\\.,, O 718y
Ns .-
\"Ns 2N/

M= Cr,Mo,W

The reaction of Cr(CO)s[tBquCl,] (2c) with K;SN, gave only
the product containing the eight-membered ring, 4c. Attempted

decarbonylation of 4c led to decomposition of the ring ligand

lc. However, chelate complexes M{CO),['BuSb(NSN),SbiBu]

(M = Cr (5c), Mo, W) are directly accessible ® from 1lc and
Cr{CO).(nor-C,H,s).
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STRUCTURAL STUDIES

The molecular structure of Cr(CO),['-BuﬁI—SE)—St:IH] (3a) is
presented in Figure 1. The six-membered ring possesses a
half-boat conformation with the hydrogen-bearing nitrogen atom
protruding by 71 pm from the plane of the almost planar P(NSN)S

unit.

———
FIGURE 1 Molecular Structure of Cr(CO)s[!BuP(NSN)SNH] (3a)

The ring in 3a contains both a sulfur diimide and a diamino
sulfane sub-structure with angles of 103.7(3)° at P, 108.2(4)°
at S1 and 120.1(4)° at S2. The P-N distances correspond to single

bonds. The sulfur diimide unit in 3a is apparently less involved
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system of the ring than in phosphorus(V)
Ph,ﬁNSNSN 12 (Me,SiNH),PNSNSﬁ 13

in the n-electron

derivatives such as and
[Ph,PNSNSNMe]*t 14,

A series of carbonylmetal complexes is now known which
(1b)

the geometry of the hammock-like

contain the eight-membered ring tBuAs(NSN),AstBu
ligand (L). '?
molecule 1b

As°***As

coordination mode.

as a
As expected,
indicated by the (nonbonding) transannular
and the As-N-S the
The flexibility of the ring ligand 1lb (L) is

illustrated in Figure 2 which shows an almost linear correlation

distance angle - depends on

between these two parameters.

,} CPMni
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Angle [*] tBu— // ey
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FIGURE 2 Carbonylmetal complexes containing

tBuAs(NSN),AstBu (1b)
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Compared with the free molecule (L = 1lb) the ring ligand L

is considerably compressed in chelate complexes such as M(CO),(L)
(M = Cr, W) and Ni(CO).(L). On the other hand, the ring is opened
when acting as a monodentate ligand in CpMn(CO);(L), or as a
bidentate ligand to two metal atoms in Osy(CO),o(L). '3
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