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[ 1= Py, partial motif of Hittorf’s phosphorus
with a P,-Pg-P,-Pg repeat unit

Besides the desired synthesis of a sandwich complex with a 1,2,3-triphos-
pholyl ligand, the reaction of the iron butterfly molecule with diphenylacetylene
for Cp®(iPrsCs) additionally affords a trinuclear iron complex, whose P,; frame-
work can be derived from the P,, substructure of Hittorf’s phosphorus by inser-
tion of a P atom (P three-membered ring). Find out more on the following pages.
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Among phosphorus heterocycles with « bonds, polyphos-
pholide ions [(CH),Ps_,]” (n=0-4) as 6x systems form an
important link between inorganic and organic chemistry.! In
contrast to the well-studied 1,2,4-triphospholide ions,! whose
first representative was prepared by Becker et al. from rBuCP
and LiP(SiMe;),,?! both the parent compound of the 1,2,3-
triphospholides, [(CH),P;]~, as well as the tetraphospholide
ion [(CH)P,]-, formed, for instance, as a mixture in the
thermolysis of P, and sodium in diglyme, were characterized
by 3P NMR spectroscopy.’! A complex multistep synthesis
has been described for [ (CPh),P;]~ which contains a C, and P;
building block in the five-membered ring.[/ Whereas the
ligand properties of the 1,2,4-triphospholide ions have been
studied in detail,!! to the best of our knowledge there is only
one complex known with the 1,23-triphospholyl ligand
[(CPh),Ps]~ that has been characterized by 3P NMR spec-
troscopy.!

The reaction of the butterfly molecules 1aP¥ and 1b,P
which have a P, bicyclobutane framework, with tolane 2 leads
to the sandwich complexes 3a, b with a 1,2,3-triphospholyl
ligand in moderate yield. In the case of 1b the trinuclear iron
compound 4b (Cp’=iPr;Cs) with a Py, ligand is formed in
addition in approximately 10 % yield.

) PhCH,, 110 °C, 48h L
{Cp3(OC),Fes}P;,]

a: Cp~*=1,2,4-tBusCH, 4b
b: Cp" = jPr,Cs = Cp°

In the sandwich complexes 3a, b the five-membered-ring
ligand [(CPh),P;]~ can be formally built from a P; building
block of the butterfly molecule 1 and the alkyne 2. At the
same time 1 provides the necessary CpRFe fragment (CpR =
1,2,4-1Bu;CsH,, iPrsCs) for the completion of the sandwich
structure of 3.
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[CpRFe( 7)5‘P302Ph2)]
Ph-C=C-Ph 2 F 3a,b

Compounds 3a, b form an anthracite to gray-green solid,
which is soluble in n-pentane and very soluble in toluene, and
can be handled in air for short periods. The *'P NMR spectral®
of 3a,b each display an AX, spin system with identical
coupling constants and slightly different chemical shifts.

The crystal stucture analysis”! of 3a confirms its sandwich
structure (Figure 1). The distances and angles of the 1,2,3-
triphospholyl ligands of 3a were compared with the calculated

Figure 1. Structure of 3a in the crystal. Selected bond lengths [A] and
angles [°]: P1-P2 2.1287(14), P2-P3 2.1193(15), P1-C7 1.766(4), P3-C6
1.783(3), C6-C7 1.413(5), Fel-(P3C,)centroia 1.655, Fel-CpR o 1.712; P1-P2-
P3 99.04(5), P2-P1-C7 99.48 (12), P2-P3-C6 99.74(13), P3-C6-C7 120.1(3),
P1-C7-C6 121.4(3).

value of the 1,2,3-triphospholide ion, [ (CH),P;]~ 5,8 as well as
those of the complex [CpFe(7°-P;C,/Bu,)] 6% with a 1,2,4-
triphospholyl ligand. The P—P, P—C, and C—C distances and
the P-P-P angles differ only slightly (P—P 2.12 (3a, average),
2.137 (5), 2.061 (6),1 2.144 A (6);**! P—C 1.77 (3a, average),
1.76 (5, average), 1.76 A (6, average); C—C 1.413 (3a), 1.388 A
(5); P-P-P 99.04 (3a), 99.25° (5).®1 In 3 a the planes of the five-
membered rings deviate from a parallel orientation by 7.6°
(Cp&atroia-Fe-(P3Cs)centroia = 173.57).

For complexes with P, ligands thus far examples have only
been found with even values of n (8, 10, 12, and 14) for n > 7.1
P,, has now been coordinatively stabilized for the first time in
the trinuclear iron complex 4b. Compound 4bl forms red-
brown crystals, which are poorly soluble in pentane and well
soluble in toluene and dichloromethane; they can be handled
for short periods in air.

The crystal structure analysis!” shows (Figure 2) that the Py;
framework of 4b comprises a PgP, substructure of Hittorf’s
phosphorus,"! in which the P9-P10 edge is bridged in
addition by the P11 atom.

The structurally characterized molecules NasP,; 7a,['2l
(Me;EtN);P;; 7b,1? (Me,Si);Py; Te, 12 and (iC3H,);Py,
7d24¢l reveal exlusively a “ufosane”-type structure (poly-
cycle consisting of six annelated Ps rings) for the P;; frame-
work. Interestingly, in theoretical studies on P, +[3® and
P, [1%2¢l the P,; framework, which has been confirmed for the
first time by crystal structure analysis for 4b, is discussed as a
further structural alternative. The P—P bond lengths of 4b lie
in the range between 2.181(3) (P3—P8) and 2.268(3) A
(P5—P6), which is also found in 7d (2.176 to 2.264 A) with a
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Figure 2. Structure of the framework of 4b in the crystal (the Cp® ligands
are omitted for clarity). Selected bond lengths [A] and angles [°] (Fel =
Fe(CO),Cp® (17 VE), Fe2, Fe3 =Fe(CO)Cp® (15VE)): P1-P2 2.224(3), P1-
P52.198(3), P2-P3 2.233(3), P3-P4 2.224(3), P4-P5 2.232(3), P5-P6 2.268(3),
P6-P7 2.192(3), P6-P8 2.226(3), P2-P7 2.199(3), P3-P8 2.181(3), P7-P10
2.218(3), P8-P9 2.213(3), P9-P10 2.230(3), P9-P11 2.227(3), P10-P11
2.246(3), P1-Fel 2.322(2), P4-Fe2 2.335(2), P8-Fe2 2.247(3), P6-Fe3
2.228(2), P11-Fe3 2.290(3); P10-P9-P11 60.52(10), P9-P10-P11 59.68(10),
P7-P10-P9 108.78(14), P5-P6-P8 93.03(11), P5-P6-P7 102.03(10), P7-P6-P8
96.78(11), P8-P9-P10 98.90(11), P2-P7-P6 100.21(13), P2-P7-P10
109.34(13), P6-P7-P10  96.67(10), P3-P8-P6 100.64(10), P3-P8-P9
111.76(12), P6-P8-P9 98.49(12), P8-P9-P11 101.27(11), P7-P10-P11
98.67(12).

“ufosane” framework['>! as well as in the PP, substructure
(2201 to 2.299 A) of Hittorf’s phosphorus.'!l The average
values d(P-P) do not differ significantly (2.22 (4b), 2.21 (7b
and 7d),2><12.219 A (Hittorf’s phosphorus)!l). Whereas the
lengths of the Fe—P o bonds (Fel—P1, Fe2—P4, and Fe3—P11)
range from 2.290(3) to 2.335(2) A, the two-electron bonds
between the phosphorus donor center (lone pair of electrons)
and the bridging 15-valence-electron (VE) iron fragments
(P8—Fe2 2.247(3), P6—Fe3 2.228(2) A) are significantly short-
er (Figure 2), a trend that also occurs in [(#°-CsH,Me),Fe,-
(CO)qPy] 8.1

The mass spectrum of 4b® displays the ions [{CpRFe},P,]*
(n=3-5), which can be assigned to a series of cationic 30-,
29-, and 28VE-triple-decker = complexes. Formally
[{CpRFe},Ps]* can be built up from the atoms P1 to P5 and
the decarbonylated fragment CpRFe of the iron atoms Fel and
Fe2 (Figure 2). The cationic sandwich complex [CpRFePs]* as
well as that of the molecule with two less P atoms [CpRFeP;]*
are possible fragments of an undetectable [CpR(OC)FeP]*
species (P =P6 to P11, Fe =Fe3 (see Figure 2), CpR = iPrsCs).

Experimental Section

3a [3b, 4b]: Diphenylacetylene 2 (70 mg) [170 mg] was added at room
temperature under stirring to a solution of la (320 mg, 0.39 mmol)
[860 mg]&? [1b 0.96 mmol]*! in toluene (ca. 100 mL) [250 mL], and the
orange-red reaction mixture was heated to reflux at 110°C. After 48 h the
CO bands of the starting material 1a [1b] were no longer visible in the IR
spectra. After removal of the solvent in vacuo, the residue was dissolved in
dichloromethane (ca. 10 mL), treated with silylated silica gel (ca. 2 g) and
transferred to a column (20 x 1 cm) packed with AL,O; and petroleum
ether. With petroleum ether a gray-green fraction was eluted that
contained 3a (90 mg, 41%) [3b (210 mg, 36 %)]. With petroleum ether/
toluene (5/1) a pale brown fraction was isolated in each case, which
according to 3'P NMR spectroscopy was composed of a mixture of
substances, which to date has not been possible to separate. In the case of
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1b, with petroleum ether/toluene (1/1) 4b (140 mg, 10 %) was isolated in
addition as a dark red fraction. Compound 4b was recrystallized from
pentane.
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