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ABSTRACT

The reactivity of the phosphanylphosphinidene complex [(DippN)2W(C1)(n>-P-PtBuz)] (1)
towards chalcogens (Ch= Se, S) was studied. Reactions of stoichiometric amounts of 1 with
chalcogens in DME yielded monomeric tungsten complexes with phosphanylphosphinidene
chalcogenide ligands of the formula tBuP-P-Ch (Ch = Se (in 2) and S (in 5)), which can be
regarded as products of the addition of a chalcogen atom to a P=W bond in starting complex 1.
The dissolution of selenophosphinidene complex 2 in nondonor solvents led to the formation of a
dinuclear complex of tungsten (3) bearing a Bu,P(Se)-P ligand together with [fBuSe;Li(dme):]>
and polyphosphorus species. Under the same reaction conditions, thiophosphinidene complex 5
dimerized via the formation of transient complex 7, possessing a thiotetraphosphane-diido moiety
BuxP(S)-P-P-PfBuz. The elimination of the fBuzPS group from 7 yielded stable dinuclear tungsten
complex 8 with an unusual phosphinidene tBuyP-P-P ligand. The reaction of 1 with excess
chalcogen led to the cleavage of the P-P bond in the /Bu>P-P ligand and the formation of
[(DippN)W(PChs)]2*> and [fBuChyLi(dme).]>. The isolated compounds were characterized by
NMR spectroscopy and X-ray crystallography. Furthermore, the calculated geometries of the free
selenophosphinidenes, tBu,P-P-Se and /Bu,P(Se)-P, were compared with their geometries when

serving as ligands in complexes 2 and 3.
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1. INTRODUCTION

Thus far, phosphinidenes have generally been regarded as short-lived intermediates.
Recently, Bertrand et al' designed and synthesized a first isolable singlet
phosphanylphosphinidene RP with a very bulky substituent. This R group displays very strong -
donor properties and kinetically stabilizes the resulting phosphanylphosphinidene due to the
substantial steric hindrance of this group. Generally, phosphinidene moieties can be trapped by
transition metal complexes®” or stabilized as adducts with an appropriate Lewis base as stable
carbenes®’ or phosphines.”#!° The phosphine adducts of phosphinidenes show significant Wittig-
like reactivity and can be used as phosphinidene sources.!!'"!3 Phosphinidene chalcogenides are
generally very reactive transient species, and to the best of our knowledge, no free phosphinidene
chalcogenides are known. However, they can be stabilized as adducts with carbenes or as ligands
in the coordination sphere of transition metals. Very recently, Ragogna et al. generated R—P=X
phosphinidene chalcogenides from four-membered heterocycles (R-P(u2-S):P-R, R = 2,6-
Mes,CsH3).!*!13 The monomeric R—P=S unit can be stabilized as an adduct with a stable carbene.'*
There are two main methods of accessing complex-stabilized phosphinidene chalcogenides. The
first method is to generate the related R—P=X phosphinidene chalcogenide and trap it with a
transition metal.!*?! Trapping experiments have revealed that R—P=X displays singlet-carbene-
like reactivity.'® The second method of accessing complexes with phosphinidene chalcogenide
ligands is to oxidize complexes with low-valent phosphorus ligands with free chalcogens or with
chalcogen sources. Reports on the oxidation of monomeric complexes are rather rare. Cummins
reported the oxidation of the terminal phosphide complex [{R(Ar)N}sMo=P] to yield
[{R(Ar)N}3sMo=P=X] (X = O, S).!7 The Scheer group synthesized the terminal complexes

[(NsN)W(ES)] (N3N=N(CH2CH;NSiMe3)3; E = P or As) via reactions of [(N3N)W=E] with
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cyclohexene sulfide.'® The reaction of [Cp(OC).Fe-P=PMes*] with S yields [Cp(OC).Fe-
P(S)=PMes*]." The sulfurization of the phosphenium complexes
[Cp(OC)W=P {N(SiMe3)2}(Ph)]?° or [(CsRs)(OC)W=P(H)/Bu]*' leads to the addition of an S
atom to the M=P bond, while a similar reaction with the Fe(II) phosphido complex [Cp(OC).Fe—
PPh;] yields [Cp(OC).Fe—P(S)Ph2].??> The addition of H,O to [dppe2ReCl(P=CrBu)] gives the
complex [dppe2ReCl(P(O)-CHa2/Bu)] with a phosphinidene oxide ligand.?* Ruiz et al. reported the
formation and properties of the anionic complex [(1°-CsHs)(OC)2Mo=P(O)Ar]” (Ar = 2,4,6-
BusCsHz).%* The electronic structure of this kind of complex with a phosphinidene oxide ligand
has been discussed.”> Such complexes can be further oxidized by sulfur with concomitant
incorporation of an S atom across the Mo=P bond yielding the thiooxophosphorane complex
[Cp(OC)2Mo{x*-SP(0)Ar}]".26 The nucleophilicity of this complex and its oxygen analog,
[Cp(OC)2Mo {x*-OP(O)Ar} ], towards soft and hard electrophiles has also been investigated.?’
The reactivity of dinuclear complexes bearing low-valent phosphorus ligands towards

1.28 The oxidation of the dinuclear rhenium complex

chalcogens has been studied in more detai
[Cp*(OC)2Re]:2 in the presence of BuC=P yields a dinuclear complex with a phosphinidene oxide
ligand.” Dinuclear Mo and W phosphenium complexes react with S and Se via the addition of the
chalcogen to the M=P bond.** Dinuclear phosphinidene-bridged scandium complexes react with
Se, Te or R3P=X (S, Se), which oxidizes two Ar—P units to form a bridging > diphosphene ligand,
Ar-P=P-Ar, containing a bridging z>-X moiety between two scandium atoms.>! The electron-rich
nucleophilic dimeric platinum phosphinidene complex [(dppe)Pt(u-PMes)]> can be oxidized in air
to [(dppe)Pt{u-P(O)Mes}]>. Sulfur cleaves the Pt—P bonds, yielding the monomeric

trithioxophosphorane complex [(dppe)Pt(SsPMes)].3? The synthesis and reactivity of dinuclear u-

PR-bridged complexes towards various electrophiles were systematically studied by the Ruiz
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group. [FexCpa2(u-PCy)(u-CO)(CO):] reacts rapidly with Oz or Sg yielding [Fe2Cp2 {u-P(E)R } (p-
CO)(CO)2] where E = O, S and R = Cy, Ph.%** The reactivity of the similar but sterically
overcrowded complex [FexCpa(p-PMes*)(u-CO)(CO):] differs significantly.’® This compound is
less stable and readily undergoes hydrogen addition. The unsymmetrical thiophosphinidene
complex [MoxCpa {p-x%p s:x'p,17°-SPMes* } (CO),] reacts with metal carbonyls by cleavage of the
P-S bond, which represents a new method for accessing heterometallic complexes with bridging
phosphinidene ligands.>® Considering the influence of spectator ligands,*® the majority of the
above-discussed phosphinidene complexes should be regarded as nucleophilic. The sulfurization
of the electrophilic [Mn2(CO)s(«-PR)] complexes (R = TMP, iPr;N) follows a different pathway
and yields products in which the P=S moieties are side-on bound to the metal centers.*’ Recently,
we started to study the reactivity of the anionic phosphanylphosphinidene W(VI) complex
[(DippN)2W(C1)(3?-P-PtBuz)|Li-3DME*! towards nucleophilic and electrophilic reagents*>* and
reported a DFT study on the bonding properties of transitions metal complexes with phosphanyl-
phosphinidene ligands.** Generally, the R2P-P ligands coordinate side-on to the metal center, but
the kind of bonding substantially depends on the metal (early vs. late TMs). Due to the lack of
studies on the reactivity of nucleophilic phosphanylphosphinidene complexes towards chalcogens,

we report herein the first such studies involving [(DippN)>W(Cl)(5>-P-PfBu,)] .

2. RESULTS AND DISCUSSION

The phosphanylphosphinidene complex [(DippN)>W(C1)(3?-P-PBu)] (1) reacts with gray
selenium at a molar ratio of 1:1 under mild conditions. Monitoring the reaction progress by *'P
NMR spectroscopy revealed the quantitative formation of a single product (2) after six hours of

stirring at room temperature (Scheme 1). Newly formed 2 displays an AX pattern in the *'P NMR
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spectrum with resonances at 55.8 ppm and —30.7 ppm ('Jpp = —262 Hz). Additionally, the latter
resonance exhibits W and Se satellites (d, 'Jpw = 57 Hz, 'Jpse = 160 Hz), confirming the presence
of the rBu,P-P-Se ligand in the coordination sphere of the tungsten. The formation of 2 occurs via
the addition of one chalcogen atom to the W=P double bond. This type of reactivity is standard for
nucleophilic complexes and was previously found in the case of bridging nucleophilic Mo
phosphinidene  complexes  [Mo2Cp2{u-PH,7>-HMes*}(CO)] or  [MoxCpa{u-x':x' ns-
PMes*}(CO)** as well as in the case of W phosphenium complexes
[Cp(OC),W=P {N(SiMe3),}(Ph)]* or [(CsRs5)(OC);W=P(H)7Bu].?! Complex 2 was isolated in a
moderate yield (48%) as large orange crystals via crystallization from a DME solution layered
with pentane at +4°C. The X-ray structure of 2 clearly shows the presence of a

phosphanylphosphinidene selenide ligand (Figure 1).
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Scheme 1. The reaction of 1 with an equimolar amount of gray selenium.
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Figure 1. Molecular structure of the anion of complex 2. Ellipsoids are shown at 50% probability. H atoms
are omitted for clarity. Selected bond lengths (A) and angles (°): P1-W1 2.507(1), Sel-W1 2.5512(6), P1-
Sel 2.239(2), P1-P2 2.247(2), C25-P2 1.904(6), C29-P2 1.904(6), P2-P1-Sel 104.47(6), P2-P1-W1
103.33(6), P1-Sel1-W1 62.71(4), Se1-P1-W1 64.75(4), and P1-W1-Sel 52.53(3).

The tBuzP-P-Se moiety is bound to the metal center via the P1 and Sel atoms. In contrast to starting
material 1, the phosphanyl /Bu,P group does not coordinate to the tungsten. The W atom is
formally pentacoordinated, and a three-membered ring involving the P1, Sel and W1 atoms was
formed as a result of the addition of a Se atom into the P=W double bond of starting
phosphanylphosphinidene complex 1. The P1-W1 distance in 2 is significantly longer than the
corresponding distance in 1 (2.507(1) A vs. 2.4056(11) A),* suggesting a single-bond character.
Similarly, the Sel-W1 (2.5512(6) A), P1-Sel (2.239(2) A) and P1-P2 (2.247(2) A) bond lengths
are typical for single covalent bonds (sum of the single bond covalent radii for Se and W = 2.53
A,Pand Se=2.27 A, P and P=2.22 A).¥ The P1 and P2 atoms are in pyramidal geometries with

>¥272.5° and £310°, respectively.
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DFT computations were performed to further elucidate the structural features of 2. The
calculated Mayer bond orders for P1-P2, P1-Sel, P1-W1 and Se1-W1 are between 0.840 and 0.951
and confirm the single-bond character of these bonds. Moreover, they essentially show c-bond
character. These results, which were obtained based on chalcogenophosphinidene ligands, exclude
ethylene-like coordination of the P=S bond to the metal center.??4%44% Hirshfeld population
analysis indicates that the P-P bond in 2 is less polarized than the P-P bond in 1, with P2 being
positively charged both in 1 (+0.124)* and 2 (+0.122) and P1 being negatively charged in 1 (-
0.177)* and almost neutral in 2 (-0.020). The P1-Sel bond is polarized towards Sel with a
significant negative charge on this atom (-0.177). As expected, there is a large positive charge on
the W1 atom (+0.412). The analysis of the natural bonding orbitals (NBO) reveals the presence of
a lone pair of electrons on P1 and on P2 and two lone pairs on Sel. The calculations of the
condensed Fukui functions suggest that 2 has nucleophilic properties; unlike in 1, the nucleophilic
center was not P1 but instead was on Sel, which showed a value of fi = 0.149.

Complex 2 is fairly stable in DME solution. However, the dissolution of 2 in toluene or
pentane leads to the elimination of LiCl and subsequent rearrangement, as shown in Scheme 1.
The 3'P NMR spectra of this solution revealed the formation of dimeric complex 3 together with
[(BuzPSe;Li)dme]> (4) and unidentified polyphosphorus compounds. These observations suggest
that the dimerization of 2 to 3 is related to the elimination of the fBuxP-P moiety, which further
reacts to generate polyphosphorus species and compound 4. The *'P NMR spectrum confirmed the
presence of compound 3 based on the AX pattern with resonances at 139.1 ppm (P-phosphinidene)
and at 88.8 ppm (P-phosphanyl) ('Jep = —451 Hz). Similar to that of 2, the signal of the P-
phosphinidene atom reveals W satellites ('Jpw= 111 Hz). However, in contrast to 2, this P atom

does not couple with the Se atom, while the signal of the P-phosphanyl atom has Se satellites ('Jpsc
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= 370 Hz). All these data indicate that 3 contains a tBuxP(Se)P ligand. Complexes 3 and 4 were

investigated by X-ray crystallography (Figure 2 and Figure S1).

Figure 2. Molecular structure of 3. Ellipsoids are shown at 50% probability. H atoms are omitted for clarity.
Selected bond lengths (A) and angles (°): Sel-W1 2.4466(5), Sel-W2 2.5153(6), Se2-W2 2.5956(7), P1-
W1 2.346(1), P1-W2 2.706(1), P1-P2 2.160(2), P2-Se2 2.202(2), P2-C49 1.876(7), P2-C53 1.891(6), P1-
P2-Se2 94.24(7), W1-Sel-W2 82.92(2), W2-Se2-P2 92.12(4), W1-P1-W2 80.79(4), P2-P1-W1 117.08(7),
P2-P1-W2 90.09(6), and P2-Se2-W2 92.12(4).

The X-ray structure of 3 confirmed the NMR results and showed that the P1-phosphinidene atom
of the fBu;P2(Se2)P1 ligand and Sel link the two metal centers. The selenide bridge is asymmetric,
with Sel-W1 and Sel-W2 distances differing by 0.0687 A. Additionally, Se2 of the Bu,P(Se)P
ligand coordinates to W2 with an even longer Se2-W2 distance than the one observed in the case
of the selenide Sel ligand, indicating this bonds possesses substantial single-bond character. The
W1 atom exhibits distorted tetrahedral geometry, whereas the W2 atom possesses highly distorted
bipyramidal trigonal geometry. Interestingly, the P1-W1 distance is very short (2.346(1) A), even

shorter than in parent compound 1 (2.4056(11) A)*?, suggesting some multiple-bond character.
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The P1-W2 bond is very long (2.706(1) A), which indicates a weak interaction between the P1
atom and the W2 metal center. The values of the calculated Mayer bond orders for the P1-W1 and
P2-W2 bonds are 1.28 and 0.57, respectively, and support this interpretation. The P1-P2 bond
distance of 2.160(2) A has an intermediate value between the analogous distances in 1 (2.1065(17)
A)*? and 2 (2.247(2) A). Moreover, the P2-Se2 distance (2.202(2) A) is substantially shorter than
the expected value for a P-Se single bond, which suggests some multiple-bond character (sum of
single bond covalent radii for P and Se = 2.27 A; sum of double bond covalent radii for P and Se
=2.09 A).*>* P2 shows distorted tetrahedral geometry, while the coordination geometry at P3 is
pyramidal with 2288.0°. To the best of our knowledge, 2 and 3 are the first examples of transition-
metal complexes with coordinated phosphanylphosphinidene chalcogenide ligands.

Moreover, the stoichiometric reaction of phosphanylphosphinidene complex 1 with
elemental sulfur was investigated. The DME solution of 1 reacts smoothly with solid sulfur at
room temperature. This reaction yields several products, and the results strongly depend on the
reaction conditions (Scheme 2). Nevertheless, *'P NMR studies of the reaction solutions shed light
on a possible reaction pathway. Initially, the >'P NMR spectrum of the reaction solution reveals
two products. The main product shows an AX spin pattern with resonances at 54.4 ppm and at —
36.9 ppm (Jep = 259 Hz). Taking into account the °*'P NMR data for
selenophosphanylphosphinidene complex 2 (AX spin pattern: 55.8 ppm, —30.7 ppm, 'Jpp =—264.8
Hz), this pattern can be assigned to the monomeric thiophosphanylphosphinidene complex
[(DippN)2W(CI)(3?-PS-P1Buz)]™ (5) resulting from the addition of a sulfur atom to the P1=W1

double bond of 1.

10
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Scheme 2. The reaction of 1 with an equimolar amount of sulfur.

The second minor product exhibits a singlet in the *'P NMR spectrum at 115.0 ppm, which can be
unambiguously assigned to complex 6, indicating that sulfur is able to cleave a P-P bond of low-
valent phosphorus compounds.>® Compared to seleno-derivative 2, thiophosphanylphosphinidene
complex 5 seems to be less stable in solution and tends to dimerize, yielding complex 7 (which
shows an AMRZ spin pattern). The formation of 7 is accelerated if DME is replaced with toluene

or pentane, as these solvents favor the elimination of LiCl from 5. The growth of the signals of 7

11
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is accompanied by the appearance of a new set of resonances (AMX pattern) attributable to
dinuclear complex 8 with a rBu,P-P-P ligand. Notably, in the 3'P NMR spectrum of 8, the signal
attributed to the P1 atom is shifted dramatically downfield (6 = 388.7 ppm), revealing its
phosphinidene character. 8 can be regarded as a product of the elimination of a fBuxPS fragment
from 7, which can then be captured by 6 and 9 containing dithiophosphinate moieties [/BuPS>]".
5 could not be isolated because of its instability in solution. However, we were able to isolate
intermediate compound 7, the phosphinidene complex 8 and the dithiophosphinate compounds 6

and 9 as crystals. Their X-ray structures are depicted in Figures 3, 4, S2 and S3, respectively.

Figure 3. Molecular structure of 7. Ellipsoids are shown at 50% probability. H atoms are omitted for clarity.
Selected bond lengths (A) and angles (°): P2-W1 2.435(2), S1-W1 2.319(2), P3-W2 2.641(1), S1-W2
2.396(2), S2-W2 2.501(2), P4-S2 2.039(2), P1-P2 2.202(2), P2-P3 2.173(2), P3-P4 2.157(3), P1-C29
1.891(8), P1-C25 1.898(9), P4-C33 1.867(6), P4-C37 1.861(8), P1-P2-P3 104.1(1), P2-P3-P4 110.7(1),
WI1-S1-W2 100.24(6), W2-S2-P4 96.40(8), P2-W1-S1 117.58(6), P3-P2-W1 81.64(7), P2-P3-W2
131.09(9), P3-W2-S2 74.30(5), P4-P3-W2 89.61(7), P3-P4-S2 95.51(9), and P3-W2-S1 82.14(5)

The X-ray structure of 7 reveals the formation of a thiotetraphosphane-diido ligand in the

coordination sphere of two tungsten atoms. This group acts as a tridentate bridging ligand, where

12
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P2 coordinates to the W1 and P3 atoms, and S2 coordinates to the W2 atom. Additionally, two
metal centers are connected by S1 of the sulfido ligand. Similar to dinuclear complex 3, the W1
metal center has a tetrahedral geometry, whereas W2 adopts a highly distorted bipyramidal trigonal
geometry. The P1, P2 and P3 atoms all show pyramidal geometries. The P-P distances in 7 are
between 2.157(3) and 2.202(2) A, indicating the primarily single-bond character of these bonds.
However, some m-interactions along the P2-P3-P4 bonds are also possible. The P-W distances are
comparable to those observed for dinuclear tungsten complexes containing the catena-
polyphosphorus ligands.*>>! The P4-S2 bond length (2.039(2) A) suggests m-interactions
contribute significantly (sum of single bond covalent radii for P and S = 2.14 A; sum of double
bond covalent radii for P and S = 1.96 A).[4>4]

The X-ray structure of anionic complex 8 is in accordance with its spectroscopic
parameters (see the experimental section). This complex crystallizes with two independent
molecules in a unit cell with the two entities having very similar parameters (only one anion is
presented in Figure 4). This complex contains the triphosphorus ligand fBu,P3-P2-P1, where three
different types of P atoms can be identified: phosphinidene P1, phosphido P2 and phosphanyl P3.
Such a low-valent polyphosphorus ligand with diverse P atoms has never before been described in
the literature. Interestingly, some of the structural motifs of complex 8 are similar to those of
selenophosphinidene complex 3. In both complexes, the four-membered rings (W1-Ch-W2-P1,
Ch = Se or S) are slightly folded along the W1-W2 vector, with very short P1-W1 bond lengths,
which suggests a n-bonding contribution. Both complexes display very long P1-W2 distances. In
contrast to complex 3, the fBuxPCh group in 8 is replaced by a fBuxP3-P2 moiety in which the P2-
phosphido atom coordinates to the W2 metal center. The P2-W2 distance is typical for phosphido

ligands coordinating to an ArN,W (Ar = 2,6-iPr.C¢H3) metal fragment.*>*>3 W1 and W2 show

13
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distorted pseudotetrahedral geometries (considering the ligation of N1, N2, P1 and S1 for W1 and
the P1-P2 bond, N3, N4 and S1 for W2). The P2-P3 bond in the uncoordinated part of the
phosphorus ligand is very long (2.228(2) A), even longer than expected for an uncoordinated P-P
bond (sum of single bond covalent radii for two P =2.22 A).*> The P1-P2 distance of 2.133(2) A
is only slightly shorter than typical values for coordinated P-P bonds in diphosphanylphosphido
ligands (=2.14-2.18 A).#*253 The P2 and P3 atoms show pyramidal geometries with sums of the

angles of XP2 =295.63° and XP3 = 308.26°, respectively.

Figure 4. Molecular structure of anionic complex 8. Ellipsoids are shown at 50% probability. H atoms are
omitted for clarity. Selected bond lengths (A) and angles (°): P1-W2 2.714(1), P1-W1 2.364(1), P2-W2
2.483(1), P1-P2 2.133(2), P2-P3 2.228(2), P3-C49 1.890(5), P3-C53 1.898 (6), S1-W2 2.370(1), S1-W1
2.318(1), W1-P1-W2 75.81 (3), P1-W1-S1 102.62(4), P1-W2-S1 91.64(4), W1-S1-W2 83.83(4), P1-P2-P3
104.37(6), P1-P2-W2 71.58(4), W2-P2-P3 119.79(6), and P2-P1-W1 103.11(5)

Similar to that of 3, the P1 atom exhibits a highly distorted pyramidal geometry with a very small

sum of angles (XP1 = 238.98°). The calculated Mayer bond orders for P1-W1 (1.31) and P1-W2

14
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(0.51) are very similar to the corresponding values for 3. Furthermore, NBO and NLMO analyses
of 8 indicate delocalization of the lone pairs on the P1 and P2 atoms along the P2-P1 and P1-W1
bonds, respectively, based on the increasing n-character of these bonds.

The different behaviors of 2 and § in toluene and pentane can be explained by P-S bond
formation being more thermodynamically favorable than P-Se bond formation. The first step of
these transformations is dimerization, and this process seems to be similar for both complexes, and
isolated complex 7 is an example of such an intermediate dimer. In the case of transformations
involving S compounds, the strong tendency to form P-S bonds is manifested in the yield of
compounds 6 and 9, containing the [rBu;PS>]™ anion, followed by the elimination of a tBu,PS
moiety from transient compound 7. Otherwise, complex 3, the final product of the transformation
of seleno-derivative 2 in toluene or pentane, is generated from the elimination of a fBuyP-P moiety
from a hypothetical dimeric complex analogous to 7. Here, the P-Se-W structural motif is retained.

To determine the influence of excess chalcogen on the outcome of the reaction, we
performed the reactions of 1 with Se or S at molar ratios of 1:3 and 1:8 (Scheme 3) under the same

conditions as previously described.

15
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Scheme 3. Reaction of 1 with excess gray selenium or sulfur.

The *'P NMR spectra of the reaction solutions show strong singlets for 4 (Se) or 9 (S) accompanied
by a moderately intense singlet for 6 (S). Therefore, these products contain
dichalcogenophosphinate fragments [fBuPChz]". The resonances of monomeric species 2 and
dimeric compounds 3, 7 or 8 are not detected in the reaction mixtures. The work-up of the reaction
solutions led to the separation of yellow crystals of [fBu,PChyLi(dme)]> (4 and 9) and a small
amount of crystalline [ W2(DippN)4(PChs)2][Li(dme)3]2 (10 and 11) together with a polymeric, oily
species that could not be characterized by *'P NMR spectroscopy. Complexes 10 and 11, isolated
in very low yields, are only slightly soluble in common solvents (even in THF-dg), which precludes
the NMR analysis of these compounds. The outcomes of these reactions indicate that an excess of
chalcogen eliminates the phosphorus ligands from the tungsten centers and cleaves the P-P bonds.

The X-ray structures of 10 and 11 are similar (Figure 5 and Figure S4, respectively).
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Figure 5. Molecular structure of 10. Ellipsoids are shown at 50% probability. H atoms are omitted for
clarity. Selected bond lengths (A) and angles (°): Sel-Wla 2.5709(9), Se3-Wla 2.8680(6), Se4-W1
2.5706(9), P1-Sel 2.221(1), P1-Se2 2.132(2), P1-Se3 2.222(2), P1-Se4 2.211(1), Se2-Lil 2.948(12), P1-
Sel-Wla 95.03(5), P1-Se3-Wla 87.22(4), Wla-Se3-W1 103.38(2), and Se3-W1la-Se3a 76.62(2).

The structures of 10 and 11 show that by using excess Se or S, dimeric tungsten complexes with
two tetrachalcogenophosphate ligands [PCha]*~ can be formed. In representative complex 10, each
tungsten atom exhibits a distorted octahedral geometry. The two metal centers are linked by Se3
and Se3a from the tetraselenophosphate ligands, forming planar four-membered rings that
comprise the core of the molecule. The P atoms show tetrahedral geometries, in which the three of
P-Se bonds coordinating to the tungsten atoms are essentially single bonds, while the remaining
P-Se bond is significantly shorter, indicating double-bond character. Moreover, long interactions

between Se2/Se2a and lithium cations are visible. Transition-metal complexes with
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tetraselenophosphate ligands are rare, and only a few examples have been reported in the

literature.>*>%

The electronic structures of the free phosphanylphosphinidene chalcogenides were studied
by DFT methods (see the ESI for details). Two pathways for the addition of the chalcogen atom
to the rBu,P2-P1 moiety are possible: addition to the P1 phosphinidene atom or to the P2
phosphanyl atom (Scheme 4). DFT calculations were performed for seleno-derivatives tBuxP2-P1-
Se (II) and 7BuyP2(Se)-P1 (III). Similar to the free BuP-P (I), a singlet ground-state
configuration is favored for both II and III with singlet-triplet gaps of 17.62 kcal-mol™! and 16.47
kcal-mol™!, respectively. Selected calculated Hirshfeld charges and metric parameters for II and

III are summarized in Table 1.

f o ‘Se:
fBu_s - Bu_-- -,S€. Bu. .-
P—pP. la sp—p” - lla ~pP—P- llla
Bu™ - tBu/P £ tBu )
5 !
S <
tBu:S'Ié:@
B _P—P- llla"
- u @
(& S B /Se
u< 0 e, <\
>P=P. Ib Buso o™ b “>p—P: b
tBu ® O tBu/@ tBu ® O
B | | !
@ B B 'ée B ./Se\.
~ v ~0s 72 o [ u\ —_— e (]
“>p=p: Ib Yp-p b ~P=P: lllb
tBu tBu . tBu

NI y

phosphanylphosphinidene phosphanylphosphinidene chalcogenide

Scheme 4. Comparison of the Lewis structures of the phosphanylphosphinidene and its selenides.
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Table 1. Calculated Hirshfeld charges (q) and optimized parameters for the free phosphanylphosphinidene
selenides. Values in parentheses are experimental parameters for the corresponding ligands in 2 and 3.

Compound tBu,PPSe tBu.PPSe tBu,P(Se)P tBuzP(Se)P
property triplet (11a) singlet (11b) triplet (111a) singlet (I111b)
2 3
q(P1) 0.008 0.060 -0.016 -0.145
q(P2) 0.162 0.142 0.239 0.243
q(Se) -0.074 -0.133 -0.169 -0.065
P1-P2 (A) 2.248 2.178 2.162 2.095
(2.248) (2.160)
P1-Se (A) 2.157 2.128 - 2.546
(2.239)
P2-Se (A) - - 2.180 2.222
(2.202)
P2-P1-Se (°) 110.8 112.3 - 57.2
(104.4)
P1-P2-Se (°) - - 98.2 70.3
(94.2)

For triplet Ila, the highest spin densities are found on P1 and Se, which showed values of 0.822
and 0.811, respectively. The characteristic features of Ila are long P-P bonds and the polarization
of the P-P-Se bond towards the Se atom. The P1-Se bond distance is shorter than expected for a
single bond, indicating some n-interactions. The structure of triplet IIla is similar to that of parent
phosphanylphosphinidene Ia, with two singly occupied p orbitals on the P1 atom (spin density
1.573). Likewise, P1-Se bond shortening is observed in I1a. Singlet /BuP2-P1-Se can be described
by two resonance structures, IIb and IIb’, which show the multiple-bond character of the P1-P2
and P1-Se bonds. Interestingly, singlet ITIb exhibits an additional bonding interaction of P1-Se,
resulting in a selenophosphirane structure. An additional characteristic feature of IIIb is a short
P1-P2 bond polarized towards the P1 atom. The optimized structures of Ia, IIb, IIla and IIIb are
shown in Figures S52-S55. The comparison of the geometry of the /Bu,P-P-Se ligand in 2 and the

BuxP(Se)-P ligand in 3 with the geometry of free selenophosphanylphosphinidenes reveals that
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their geometries are similar to those of triplets Ila and IllIa, respectively (Table 1). In light of these
results, complexes 2 and 3 can be seen as combinations of a triplet IIa or IIla with a triplet
transition-metal moiety. Singlet IIb and ITIb should be stabilized by late transition-metal centers

(Pt) similar to what was previously observed for singlet 1BuP=P (Ib).*

3. CONCLUSIONS

Phosphanylphosphinidene complex 1 exhibits high reactivity towards chalcogens under mild
conditions, and stoichiometric reactions of these compounds give the first phosphanylphosphinide
chalcogenide (rBuP-P-Ch) complexes of transition metals (2 and 5). The addition of the chalcogen
atom to the P=W bond in parent compound 1 results in the formation of a chalcogeno-phosphirane
ring, and according to the X-ray crystallography and DFT studies, coordination of the P=Ch double
bond to a metal center can be excluded. Resulting complexes 2 and 5 are highly reactive and
undergo interesting transformations in nondonor solvents, leading to new two-core tungsten
complexes with chalcogenophosphinidene (/Bu(Se)P-P), chalcogenophosphido (#Bux(S)P-P-P-
PBuy) or phosphinidene (Bu,P-P-P) ligands. The reactions of 1 with excess chalcogen led to the
cleavage of the P-P bond in the phosphanylphosphinidene ligand (rBu2P-P). Computational studies
showed that the geometries of the /Bu,P-P-Se and /Bu(Se)P-P ligands in the isolated tungsten
complexes are similar to the geometries of the corresponding free triplet phosphanylphosphinidene

selenides.

4. EXPERIMENTAL SECTION

General information

All experiments were carried out under an argon atmosphere using Schlenk techniques. All

manipulations were performed using standard vacuum, Schlenk, and glove box techniques. All
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solvents were purified and dried using common methods. Solvents for NMR spectroscopy (CsDs
and THF-dg) were purified from metallic sodium. Solids (sulfur and selenium) were kept under
reduced pressure to remove traces of water. The phosphanylphosphinidene tungsten complex (2,6-
iPr2CeH3N)2(Cl)W(#*-tBuP=P)]Li-3DME was synthesized following the literature method.*!
NMR spectra were recorded on a Bruker Avance III HD 400 MHz spectrometer at ambient
temperature (external standard TMS for 'H and *C; 85% H3POs for 3'P; Me:Se for 7’'Se). The
chemical shift of C(CHz)s was determined by correlation spectra due to the very weak signals in
the '*C NMR spectra. The NMR spectra of complex 8 were acquired at low temperature (273 K).
Crystallographic analyses were performed on an STOE IPDS II diffractometer (unless stated
otherwise) using Mok, radiation (A = 0.71073 A) or Cuk, radiation (A = 1.54178 A). Elemental
analyses were performed at the University of Gdansk using a Vario El Cube CHNS apparatus.

Reaction of (2,6-iPr>CsH3N)>(CYW(n-Bu,P=P)]Li-3DME with gray selenium in 1:1 molar ratio

(Synthesis of 2 and 3)

A solution of (2,6-iPr.CsH3N)2(Cl)W(n?-fBu2P=P)]Li-3DME (0.512 g, 0.5 mmol, 4 ml
DME) was added dropwise to solid selenium (0.039 g, 0.5 mmol) at -20°C. The reaction mixture
was then warmed and stirred at ambient temperature for 24 h. The volume of the solution was
reduced by half under reduced pressure, and the resulting solution was analyzed by *'P{'H} and
3P NMR, which revealed that only one major product was formed. The solvent was then
evaporated under reduced pressure, and the residue was partially dissolved in 10 ml of pentane.
The pentane filtrate was separated from the insoluble residue, and a few red crystals of 3 (20 mg,
yield 2.9%) were obtained from concentration of the pentane solution (3 ml) at ambient
temperature. The pentane-insoluble residue was dissolved in 3 ml of DME and layered with 1 ml

of pentane. Large orange crystals of 2 (268 mg, yield 48.4%) were obtained at +4°C.
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2: '"H NMR (THF-ds, 400 MHz, &): 0.81 (d, *Jur=7 Hz, 6H, HC(CH3)2), 0.83 (d, *Jun= 7
Hz, 6H, HC(CH3)2), 0.95 (d, *Jp= 9 Hz, 9H, C(CH3)s3), 1.02 (d, overlapped, *Jun= 7 Hz, 12H,
HC(CHs3),), 1.22 (d, *Jpe= 9 Hz, 9H, C(CH3)3), 3.16 (s, 12H, CH30 (DME)), 3.32 (s, 8H, CH>0O
(DME)), 3.92 (hept, overlapped, *Jun= 7 Hz, 4H, HC(CH:),), 6.61 (t, *Jun= 8 Hz, 1H,CaH-para),
6.68 (dd, *Juy= 8 Hz, *Jun= 9 Hz, 1H,CaH-para), 6.77 (d, overlapped, *Jun= 8 Hz, 2H, CaH-
meta), 6.79 (d, *Jur= 8 Hz, 2H, CaH-meta); 3'P{'H} NMR (THF-ds, 162 MHz, §): 55.2 (d, Jpp=
263 Hz, tBusP), -32.2 (d, 'Jpp= 263 Hz, 'Jpw = 58 Hz, Jpse= 165 Hz, PSe); *C NMR (THF-ds,
100 MHz, 6): 23.05 (s, overlapped CH(CH3)2), 23.08 (s, overlapped CH(CHz)2), 23.10 (s,
overlapped CH(CH3)2) 23.60 (s, CH(CH3)2), 23.64 (s, CH(CH3)2), 27.18 (s, CH(CHz3)2), 27.24 (s,
CH(CHjs)2), 27.34 (s, CH(CH3)2), 27.40 (s, CH(CH3)2), 30.76 (dd, 2Jcp= 12 Hz, 3Jcp= 7 Hz,
C(CHs)3), 31.68 (dd, 2Jcp= 13 Hz, *Jcp= 3 Hz, C(CHa)3), 34.03 (dd, 'Jcp= 35 Hz, 2Jcp= 10 Hz,
C(CHs)3), 35.73 (d, 'Jcp= 39 Hz, C(CHs)3), 57.91 (s, CH30, (DME)), 71.78 (s, CH,O (DME)),
120.03 (s, Cp), 120.64 (s, overlapped, Cm), 120.95 (s, overlapped, Cm), 123.97 (s, Cp), 139.62 (s,
Co), 145.69 (s, Co), 152.86 (s, Ci), 155.12 (s, Ci); "’Se NMR (THF-ds, 76 MHz, §): - 60.5 (dd,
pse= 165 Hz, 'Jwse= 22 Hz, PSeW); elemental analysis calculated for Ca4Hs;CILIN2OgP2SeW
(M=1102.27 g/mol): C 47.94, H 7.50, N 2.54; found C 47.57, H 7.39, N 2.51.

3: 'TH NMR (CDe, 400 MHz, 8): 0.87 (d, *Jun= 7 Hz, 6H, HC(CH3),), 0.91 (d, overlapped,
3Jun= 7 Hz, 6H, HC(CH3)2), 0.93 (d, overlapped, *Jpu= 18 Hz, 9H, C(CHs)3), 0.98 (d, *Jun= 7 Hz,
6H, HC(CH3),), 1.01 (d, *Jun= 7 Hz, 6H, HC(CH3),), 1.03 (d, overlapped, *Jpu= 17 Hz, 9H,
C(CHj5)3), 1.05 (d, overlapped, *Jun= 7 Hz, 6H, HC(CH3),), 1.08 (d, overlapped, *Jun= 7 Hz, 6H,
HC(CHs3),), 1.12 (d, *Jun= 6 Hz, 6H, HC(CHa)2), 1.19 (d, *Jun= 7 Hz, 6H, HC(CHa),), 3.76 (hept,
3Jun= 6 Hz, overlapped, 4H, HC(CHs)2), 3.84 (hept, *Jun= 7 Hz, overlapped, 4H, HC(CHj3),), 6.66-

6.90 (overlapped, 12H, aromatic H); *'P{'H} NMR (C¢Ds, 162 MHz, §): 139.1 (d, 'Jpp= 451 Hz,
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Jpw= 111 Hz, P), 88.8 (d, Jpp= 451 Hz, Jpse= 370 Hz, tBuzPSe); *C NMR (C¢Ds, 100 MHz, §):
22.7 (s, CH(CHs)2), 23.3 (s, CH(CHz3)2), 23.4 (s, CH(CHa3)2), 23.5 (s, CH(CHs)2), 23.8 (s,
overlapped, CH(CH3)»), 23.9 (s, overlapped, CH(CH3)»), 25.1 (s, CH(CHz)2), 27.0 (s, C(CHz3)3),
28.2 (s, overlapped, C(CHs)3), 28.4 (s, overlapped, CH(CH3)2), 43.2 (broad signal, C(CH3)3), 43.8
(very weak broad signal, C(CHz)3), 121.9 (s, overlapped, Cn), 122.0 (s, overlapped, Cm), 122.2
(s, overlapped, Cm), 123.1 (s, overlapped, Cw), 124.2 (s, overlapped, Cp), 124.8 (s, Cp), 124.9 (s,
Cp), 140.6 (s, overlapped, C,), 141.2 (s, overlapped, C,), 142.5 (s, overlapped, C,), 147.6 (s,
overlapped, C,), 152.0 (s, overlapped, C;), 153.7 (s, overlapped, Ci); ”’Se NMR (THF-ds, 76 MHz,

5): 544.2 (s, WSeW), - 281.9 (d, 'Jpse = 370 Hz, PSeW) .

Reaction of (2,6-iPr2CsH3sN)(CHYW(n>-tBuP=P)]Li-3DME with sulfur in 1:1 molar ratio

(synthesis of 6. 7 and §)

A solution of (2,6-iProCsH3N)2(Cl)W(n?-fBu2P=P)]Li-3DME (0.512 g, 0.5 mmol, 5 ml
DME) was added dropwise to solid sulfur (0.016 g, 0.5 mmol) at -20°C. The reaction mixture was
then warmed and stirred at ambient temperature for 24 h. The color of the solution changed from
red to dark red. The volume of the solution was reduced by half under reduced pressure, and the
resulting solution was analyzed by *'P{'H} and *'P NMR. The solvent was then evaporated under
reduced pressure, and the residue was partially extracted with petroleum ether. The petroleum ether
filtrate was separated from the insoluble residue. Afterwards, the volume of the petroleum ether
solution was reduced to 2 ml. Twenty milligrams of red crystals of 6 (yield 2.6%) and a few yellow
crystals of 7 were obtained after storage of the solution at -30°C. The petroleum-insoluble residue
was dissolved in 3 ml of toluene. A light solid precipitated, and this material was removed by

filtration. The filtrate was layered with 3 ml of pentane. At first, an oil formed, and dark needle
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crystals of 8 (55 mg, yield 6.9%) formed from the oil at ambient temperature. More crystals were
formed after storage at lower temperature.

5: 3'P{'H} NMR (C¢Ds¢, 162 MHz, §): 54.4 (d, 'Tpp= 259 Hz, BuzP ), -36.9 (d, 'Jpp= 259
Hz, PS).

6: 'H NMR (C¢Ds, 400 MHz, 8): 1.12 (d, *Jpu= 18 Hz, 18H, C(CH3)3), 1.26 (d, *Jun= 7 Hz,
12H, HC(CHa)2), 1.29 (d, 3Jun= 7 Hz, 12H, HC(CHa),), 4.20 (hept, 3Jun= 7 Hz, 4H, HC(CH3)),
6.90 (t, *Jun= 7 Hz, 2H, CaH-para), 7.12 (d, *Juy=7 Hz, 4H, CaH-meta); 3'P{'H} NMR (CeDs,
162 MHz, 8): 115.0 (s, (C(CH3)3PS2); *C NMR (CeDs, 100 MHz, 8): 23.9 (s, HC(CH3)2), 24.4 (s,
HC(CHs)2), 25.9 (d, 2Jcp= 3 Hz, C(CH3)3), 27.9 (s, HC(CHa)2), 42.4 (d, 'Jcp= 27 Hz, C(CHa)3),
122.2 (s, Cm), 126.9 (s, Cp), 145.2 (s, Co), 151.5 (s, Ci).

7: 'TH NMR (CDs, 400 MHz, 8): 0.95 (d, *Jun= 7 Hz, 6H, HC(CH3),), 1.10 (d, *Jun= 7 Hz,
6H, HC(CHs),), 1.30 (d, overlapped, *Jun= 7 Hz, 6H, HC(CHs),), 1.33 (d, overlapped, *Jun= 7 Hz,
24H, HC(CH3),), 1.35 (d, overlapped, *Jpu~ 17 Hz, 27H, C(CH3)3), 1.45 (d, *Jun= 7 Hz, 6H,
HC(CH3),), 1.68 (d, *Jpy= 16 Hz, 9H, C(CHs);), 4.20 (hept, overlapped, *Jun= 7 Hz, 8H,
HC(CH3)2), 6.82-7.13 (overlapped, 12H, aromatic H); *'P{'H} NMR (C¢Ds, 162 MHz, §): 107.7
(ddd, 'Jpp = 447 Hz, 2Jpp = 80 Hz, *Jpp = 20 Hz, BuzP), 74.0 (ddd, 'Jpp= 431 Hz, 2Jpp= 155 Hz,
3Jpp= 20 Hz, BuyP); -46.4 (ddd, 'Jep= 431 Hz, 2Jpp= 264 Hz, *Jpp= 80 Hz, Jpw= 50 Hz, P), -190.5
(ddd, 'Jpp= 447 Hz, 2Jpp= 264 Hz, *Jpp= 155 Hz, 'Jpw= 32 Hz, P); *C NMR (CsDs, 100 MHz, J):
22.7 (s, HC(CHa3)2), 23.2 (s, HC(CHz3)2), 23.7 (s, HC(CHs)2), 24.3 (s, HC(CHz3)2), 25.4 (s,
HC(CH3)2), 26.6 (d, 2Jcp= 8 Hz, C(CHa)3), 27.6 (s, overlapped, HC(CHs),), 27.7 (s, overlapped,
HC(CH3)2), 28.2 (s, overlapped, HC(CHs),), 28.3 (d, 2Jcp= 5 Hz, C(CHs)3), 30.4 (broad, C(CH3)s3),
31.6 (broad, C(CH3)3), 35.5 ( very weak signal, C(CH3)3), 38.6 (very weak signal, C(CHz)3), 42.2

(very weak signal, C(CH3)3),44.8 (broad, very weak signal, C(CH3)3), 122.38 (s, overlapped, Cnm),
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122.44 (s, overlapped, Cm), 122.62 (s, overlapped, Cn), 124.21 (s, overlapped, Cm), 126.2 (s,
overlapped, Cy), 126.3 (s, overlapped, C,), 143.6 (s, overlapped, C,), 145.4 (s, overlapped, C,),
145.9 (s, overlapped, C,), 142.5 (s, overlapped, C,), 147.6 (s, overlapped, C,), 152.9 (s, weak, Cj),
154.6 (s, weak, Ci)

8: 'H NMR (THF-ds, 400 MHz, 273K, §): 0.74 (d, *Jun= 7 Hz, 6H, HC(CH3),), 0.79 (d,
3Jun= 7 Hz, 6H, HC(CH3)2), 1.05 (d, *Jun= 7 Hz, 6H, HC(CH3)2), 1.12 (d, *Jun= 7 Hz, overlapped,
24H, HC(CHa),), 1.17 (d, *Jun= 7 Hz, 6H, HC(CH3)2), 1.41 (d, *Jpu= 10 Hz, 9H, C(CH3)3), 1.64
(d,*Jpr= 10 Hz, 9H, C(CHs)3), 2.34 (s, 3H, CH3-C6Hs (toluene)), 3.30 (s, 12H, CH30 (diglyme)),
3.46 (m, 8H, CH2 (diglyme)), 3.55 (m, 8H, CH:2 (diglyme)), 3.66 (hept, *Jun= 7 Hz, overlapped,
2H, HC(CHs),), 3.81 (hept, *Jun= 7 Hz, overlapped, 2H, HC(CH3)2), 4.00 (hept, *Jun=~ 7 Hz,
overlapped, 2H, HC(CHs),), 4.09 (hept, *Jun= 7 Hz, overlapped, 2H, HC(CH3)2), 6.62 (t, *Jun="7
Hz, 1H, Ca-H), 6.73-7.00 (overlapped, 11H, Car-H), 7.15 (m, 3H, Car-H, toluene), 7.23 (m, 2H,
Car-H, toluene); *'P{'H} NMR (THF-ds, 162 MHz, &): 388.7 (dd, 'Jpp= 385 Hz, 2Jpp= 36 Hz, P),
134.1 (dd, 'Jpp=385 Hz, 'Jpp=276 Hz, 'Jpw= 87 Hz, P), 77.8 (dd, 'Jpp= 276 Hz, 2Jpp= 36 Hz tBuyP);
13C NMR (THF-ds, 100 MHz, 273K, §): 20.6 (s, CH3CeHs, toluene), 22.8 (s, CH(CHs)2), 23.1 (s,
CH(CHz3)2), 23.2 (s, CH(CHz3)2), 23.3 (s, overlapped, CH(CH3)z2), 23.4 (s, overlapped, CH(CH3)z2),
23.5 (s, CH(CHz3)2), 27.4 (s, overlapped, CH(CH3)2), 27.5 (s, overlapped, CH(CHz3)2), 27.6 (s,
overlapped, CH(CHz3)2), 27.7 (s, overlapped, CH(CHz3)2), 27.8 (s, overlapped, CH(CH3)2), 31.3 (d,
overlapped, 2Jcp= 14 Hz, C(CHs)s), 32.0 (d, overlapped, *Jcp= 14 Hz, C(CHs)3), 36.0 (d,
overlapped, 'Jcp = 40 Hz, C(CHs)3), 58.0 (s, CH3, diglyme), 70.3 (s, CHa, diglyme), 71.8 (s, CH>,
diglyme), 119.4 (s, overlapped, Cn), 120.5 (s, overlapped, Cn), 120.8 (s, overlapped, Cn), 121.3
(s, overlapped, Cn), 122.0 (s, overlapped, Cp), 123.2 (s, overlapped, Cp), 125.1 (s, C,, toluene),

128.0 (s, Cm, toluene), 128.7 (s, Co, toluene), 137.5 (s, Ci, toluene), 139.4 (s, overlapped, C,),
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139.5 (s, overlapped, C,), 141.4 (s, overlapped, C,), 145.6 (s, overlapped, C,), 154.0 (s, C;), 155.2
(s, Ci), 155.3 (s, Ci), 155.4 (s, Ci); elemental analysis calculated for C7sH122LiN4O¢P3SW> (M=
1675.40 g/mol): C 53.77, H 7.34, N 3.34, S 1.92; found C 52.90, H 7.23, N 3.34, S 1.91. The

value found for carbon is too low due to the formation of tungsten carbide.

Reaction of (2,6-iProCsH3N)>(CYW(n?-Bu,P=P)]Li-3DME with gray selenium in the molar ratio

1:8 (synthesis of 4 and 10)

A solution of (2,6-iPr,C¢H3N)2(Cl)W(n?-tBu2P=P)]Li-3DME (0.512 g, 0.5 mmol, 5 ml of
DME) was added dropwise to solid selenium (0.316 g, 4 mmol) at -20°C. The reaction mixture
was then warmed and stirred at ambient temperature for 24 h. The volume of the solution was
reduced by half under reduced pressure, and the resulting solution was analyzed by *'P{'H} and
3P NMR. The solvent was then evaporated under reduced pressure, and the residue was partially
dissolved in pentane. The pentane filtrate was separated from the insoluble residue, and then the
volume of the solution was reduced to 3 ml. A small number of yellowish crystals of 4 (15 mg,
yield 7.5%) were obtained after 24 h at ambient temperature. The pentane-insoluble residue was
dissolved in 4 ml of toluene. A small number of thin needle-shaped dark crystals of 10 formed at
ambient temperature. Further attempts to obtain more crystalline product failed and resulted in the
formation of oils that were insoluble in all accessible solvents.

4: 'TH NMR (C¢Ds, 400 MHz, 6): 1.70 (d, *Jpu=16 Hz, 18H, C(CHj3)3), 2.66 (s, 4H, OCH>
(DME)), 3.04 (s, 6H, OCH3 (DME)); 3'P{'H} NMR (C¢Ds, 162 MHz, 5): 88.5 (s, 'Jpse= 546 Hz,
(C(CH3)3PSe2); *C NMR (CsDs, 100 MHz, 6): 28.2 (d, 2Jcp= 4 Hz, C(CH3)3), 40.1 (d, Jcp= 25

Hz, C(CHs)3), 58.9 (s, CH30, (DME)), 69.4 (s, CH20, (DME)) 7’Se NMR (THF-ds, 76 MHz, 8):
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-200.5 (d, 'Jpse= 546 Hz, PSeLi); elemental analysis calculated for C12H2sLiO2PSe> (M= 400.18

g/mol): C 36.02, H 7.05; found C 35.53, H 6.77.

Reaction of (2,6-iPr2C¢H3sN)(CHYW(1n>-tBuP=P)]Li-3DME with sulfur in 1:3 molar ratio

(Synthesis of 9 and 11)

A solution of (2,6-iPr2CsH3N)2(Cl)W(n?>-tBu2P=P)]Li-3DME (0.512 g, 0.5 mmol, 5 ml of
DME) was added dropwise to solid sulfur (0.048 g, 1.5 mmol) at -20°C. The reaction mixture was
then warmed and stirred at ambient temperature for 24 h. The volume of solution was reduced by
half under reduced pressure, and the resulting solution was analyzed by *'P{'H} and 3!'P NMR.
The solvent was then evaporated under reduced pressure, and the residue was partially dissolved
in pentane. Then, the volume of the solution was reduced to 3 ml. A small number of yellowish
crystals of 9 (17 mg, yield 11%) were obtained after 24 h at ambient temperature. The pentane-
insoluble residue was dissolved in 4 ml of toluene. A small number of thin needle-shaped dark
crystals of 11 formed at +4°C. Further attempts to obtain more crystalline product failed and
resulted in the formation of an oil that was insoluble in all accessible solvents.

9: '"H NMR (CsDs, 400 MHz, 6): 1.67 (d, *Jpu= 16 Hz, 18H, C(CH3)3), 2.66 (s, 4H, OCH>
(DME)), 3.04 (s, 6H, OCH3 (DME)); *'P{'H} NMR (CsDs, 162 MHz, 6): 110.2 (s, (C(CH3):PS>);
3C NMR (C¢Ds, 100 MHz, 6): 27.9 (d, 2Jcp= 3 Hz, C(CH3)3), 41.1 (d, 'Jcp=40 Hz, C(CH3)3), 58.8

(s, CH3;0 (DME)), 69.5 (s, CH.0 (DME)).
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Synopsis:

The syntheses of the first phosphanylphosphinidene chalcogenide (zBuzP-P-Ch) complexes of
transition metals are presented. The resulting complexes are highly reactive and undergo
transformations in nondonor solvents leading to new dinuclear tungsten complexes with
chalcogenophosphinidene  (fBu(Se)P-P), chalcogenophosphido (/Bu2(S)P-P-P-P/Buz) or

phosphinidene (tBu>P-P-P) ligands.
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