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A New Kinetic Template Synthesis of
Triphosphacyclodecanes**

Peter G. Edwards,* Paul D. Newman, and
David E. Hibbs

Although the first macrocycles containing solely phosphorus
atoms in the ring were reported nearly thirty years ago, there
are surprisingly few studies on the coordination chemistry of
these potentially very interesting ligands, especially when com-
pared to the intensely studied nitrogen analogues. Early prepa-
rations including those of Horner et al.l'! and Kyba et al.?l were
by metal-free solution or high dilution methods, and were
nonstereoselective giving a mixture of all possible isomers of
the macrocycles. For the smallest triphosphorus macrocyclic
ring system ([11]aneP;) known to date, Kyba et al. achieved
the separation and characterization of all isomers; for the
synsyn,anti ligand isomer vigorous conditions (boiling xylenes)
were required for the inversion of the phosphorus center and
formation of facially coordinated complexes.l’! More recently,
metal template approaches by Horner and Kunz,™ Stelzer
et al.,’) Norman et al.,[% and us!”! have been studied in order
to direct the cyclization step. For facially capping triphos-
phanes, the template allows control of the stereochemistry at
the phosphorus centers; however, liberation of the macro-
cycle is commonly nontrivial and to date, only 12-membered
triphosphamacrocycles have been obtained as the free ligands
by this method, albeit stereospecifically.”] Variations in ring size
are difficult to achieve by the established M(CO), templates
(M = Group 6 metal) which does not allow manipulation and
control of steric (or electronic) influences upon the cyclization
step; the 12-membered ring is the smallest obtained by this
method and attempts to decrease ring size by cyclization of
vinyl phosphanes have failed in our hands.l®! We are interested
in facially capping triphosphanes in which the phosphorus
lone pairs are fixed in the favored all-syn orientation forcing
remaining coordination sites in their complexes into mutually
cis orientations.

This has prompted us to seek new template methods for the
formation of triphosphamacrocycles to allow access to smaller
ring sizes and rational high-yield routes to selectively
functionalized ligands. We have chosen to investigate [r’-
CpFe(L);]* (L=monodentate or arene ligand; Cp=1’-
CsMes) complexes as potential templates since they are
readily prepared and form facial trisphosphane complexes
which tend to have good air-stability.[”) Of particular interest is
that substituents on the Cp ring may be widely varied which
may allow manipulation of steric influences upon the trans-
coordinated phosphanes. Herein we report the synthesis of
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Scheme 1. Kinetic template synthesis of triphosphacyclodecanes.

the first [10]JaneP; macrocycle by the Fe!l-template cyclization
of a coordinated di-primary phosphane (1,2-diphosphanyl-
ethane, 1,2-dpe) and diallylphenylphosphane (Scheme 1).01]
The hitherto unknown [(7°-CsMes)Fe(1,2-dpe)(CH;CN)]-
BF, (1) is readily prepared by photolysis of a 1:1 mixture of
[(17°-CsMes)Fe(CO),(CH;CN)|BF, and 12-dpe in acetoni-
trile. The coordinated acetonitrile in 1 is substituted with
diallylphenylphosphane on heating in 1,2-dichloroethane to
give complex 2 in quantitative yield. The *'P{'H} NMR
spectrum of 2 shows the expected triplet (0 =45.4) and
doublet (0 =11.9, Jpp =51 Hz). Heating 2 in toluene at 80°C
in the presence of azobisisobutyronitrile (AIBN) gives a
mixture from which complex 3 can be obtained as air- and
moisture-stable yellow needles in 35% yield after chroma-
tography and anion exchange. The 3'P{'"H} NMR spectrum of
3 consists of an ABX pattern with a low-field triplet at 6 =
111.7 (Jpp =25 Hz), and two doublets of doublets at 6 =65.7
and 61.7 (Jpp =54 and 25 Hz). The resonance signals at 6 =
111.7 and 61.7 in the 3'P NMR spectrum were attributed to
secondary phosphanes ('Jpy =348 and 340 Hz, respectively).
This pattern precludes structure 4 (Scheme 1), as a simple
AX, 3P NMR spectrum would be expected for this complex.
The 3'P NMR spectrum is compatible with structure 3; the
low-field resonance signal is assigned to the secondary
phosphane a to the C-methyl carbon atom as it is a
component of two five-membered chelates which are known
to cause low-field 3P shifts relative to six-membered che-
lates;["! the presence of the exocyclic methyl- and methine-
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carbon atoms are confirmed in the P*C
DEPT NMR spectrum. The 'H NMR
spectrum is complex but consistent with
the structure, the exocyclic CH; group is
observed as a doublet of doublets at 0 =
1.46 (/=12 and 7 Hz).

Attempts to grow crystals of 3 suitable
for single-crystal X-ray analysis were un-
successful. This prompted a search for a
derivative of the parent macrocyclic com-
plex that could be crystallized in an
l appropriate form. Following our recent
observation of the halogenation of coor-
dinated secondary phosphane macrocy-
cles by halocarbons in the presence of
base,l'l the reaction of 3 with NaOH in
chloroform gave rise to a new complex §
in high yield. The 3P NMR spectrum of 5
showed new resonance signals at 6 =222.6
and 202.5 and the loss of peaks attribut-
able to secondary phosphanes. In addi-
tion, the appearance of the resonance

|
}(\PHZ +
H, -

"
|
2

Al toluene, AIBN

}g + signal from the tertiary phosphorus had
HQs’P h changed to a doublet of doublets at 6 =
| 59.8 (Jpp=13.5 and 6 Hz). The IR spec-
trum of § showed an absence of bands

attributable to vpy stretches. The structure

4 of 5 was determined by a single-crystal

X-ray diffraction study of a sample re-
crystallized from methanol in air. Orange
crystals of the complex were obtained as
the hemihydrate of the hexafluorophosphate salt.’*l Two
views of the cation 5 are shown in Figure 1.

Figure 1. An Ortep!" representation of the cation 5. The cyclopentadienyl
methyl groups have been removed for clarity. Selected bond lengths [A]
and angles [°]: Fe-P1 2.153(2), Fe-P2 2.148(2), Fe-P3 2.210(2), P1-Cl1
2.061(2), P2-CI2 2.084(2); P1-Fe-P2 84.51(8), P1-Fe-P3 86.77(7), P2-Fe-P3
89.00(6).

It is clear from Figure 1 that both secondary phosphane
groups in 3 have been converted to P-Cl functions as
indicated by the spectroscopic data for 5. In addition, the
original characterization of 3 is confirmed by analogy with
that of 5, in which a ten-membered macrocycle containing two
five-membered chelates (one with a methyl substituent) are
present. The six-membered chelate adopts a chair conforma-
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tion and both five-membered chelates have an envelope
conformation. The methyl group projects equatorially from its
chelate but is orientated almost perpendicular to the P; plane.
The crystal is racemic, with both enantiomers Fe(R), P1(R),
P2(R), P3(S), C1(R) and Fe(S), P1(S), P2(S), P3(R), C1(S)I'"
being present in the asymmetric unit; only the former is shown
in Figure 1. The Fe—P(Cl) bonds (av 2.151(2) A) are both
shorter than the Fe—P(Ph) bond length (2.210(2) A) which is
comparable to that in other related systems.!'¥! In addition, the
P1-Fe-P3 and P1-Fe-P2 angles (84.51(8)°and 86.77(7)°, re-
spectively) are significantly less than that of P2-Fe-P3
(89.00(6)°) or corresponding angles in related 12-aneP;
complexes (e.g. P-Cr-P av 91.09(5)° in [(12aneP;H;)Cr-
(CO);]).B 1t is noteworthy that the nonbonded P---P
distances in 5 are significantly shorter (P1-P2 2.892(2),
P1-P3 2.997(2), P2—P3 3.054(2) A) than those observed in
[(12-aneP;H;)Cr(CO);] (3.321(4) A). The methyl groups of
the cyclopentadienyl ring in 5 are bent slightly out of the Cp
plane, suggesting some steric congestion about the metal
center which may be responsible for the formation of the 10-
membered as opposed to the 11-membered macrocycle (4) as
a result of the compression of the P-Fe-P angles and
corresponding reduction of the nonbonded P—P distances.
These data support the view that introduction of steric control
over these types of template cyclization may indeed be very
valuable in enabling the formation of smaller ring systems
than has previously been achieved.

The formation of 3 presumably involves coupling of the
terminal carbon atom of the first allyl group with one of the
primary phosphanes in 2 to produce a three-carbon bridge in
the intermediate (Scheme 1). The second hydrophosphina-
tion, however, occurs at the internal carbon atom of the
remaining allyl function to give 3. As the precursor complex 2
is achiral, there is no control of the stereochemistry and
complex 3 is formed as a racemate.

Thus this pentamethylcyclopentadienyliron template pro-
vides, as well as a new template system for the synthesis of
triphosphorus macrocycles, the first complexes to contain a
ten-membered triphosphamacrocycle and a novel example of
a metal-templated internal hydrophosphination of an allyl
function. Preliminary attempts to liberate the macrocycle
from the metal center by reduction are encouraging. We are
also investigating the influences of variations of the Cp
substituents upon the outcome of the cyclization step and with
alternative di-primary phosphane and alkenyl phosphane
precursor ligands.
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