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Alkali metal phosphanides are key transfer agents in both
main group and transition metal chemistry.[1] Although these
species are normally represented simply as R2PM or RPHM,
they are usually strongly associated in solution and form
aggregates in the solid state through the phosphorus centers
bridging two or more metal centers.[2] The structural topology
of alkali metal phosphanides is mainly determined by the
donor base or coordinating solvent, the radius and polar-
izability of the metal, and the spatial requirement of the
substituents.[3] Although several conceptual approaches have
been developed to prevent intermolecular interactions,[4] only
a few monomeric alkali metal diorganophosphanides are
known, and compounds without a metal ± phosphorus bond
within a contact ion pair remain extremely scarce.[5] More-
over, despite extensive studies of the alkali metal salts of
primary phosphanes, no monomeric structures and no naked
monoorganylphosphanides have been described.[4d,f, 6] Here
we report on the use of the bulky electron-withdrawing 2,6-
bis(trifluoromethyl)phenyl (Arf) substituent[7] for the prepa-
ration of a naked primary phosphanide anion.

A commonly used synthetic strategy for the preparation of
lithium phosphanides involves the treatment of primary or
secondary phosphanes with n-butyllithium.[1] However, the
reaction of organolithium reagents (MeLi and nBuLi) with
ArfPH2 (1) in diethyl ether proceeds in an entirely different
manner. A C�P bond is broken, and MePH2 and nBuPH2 are
formed as the only phosphorus-containing products after
work-up.[8] It is likely that the reaction proceeds through a
phosphoranide intermediate,[9] [ArfPH2(R)]�Li�, which sub-
sequently undergoes a P�C bond cleavage. Ab initio calcu-
lations[10] showed the �*PC orbital of 1 to be 0.3 eV below that of
PhPH2, which readily explains the anomalous reactivity
observed.

In contrast, the reaction of the phosphane 1 with one
equivalent of KH in THF at �15 �C results in the immediate
elimination of H2 and the formation of a deep red colored
solution of potassium phosphanide 2. The chemical shift of the
P atom in 2 (�P��91, 1JP,H� 173 Hz, 4JP,F� 32 Hz) is signifi-
cantly deshielded relative to the phosphane precursor 1 (�P�
�140, 1JP,H� 216 Hz, 4JP,F� 28 Hz). A further deshielding of
the 31P NMR signal (�P��73, 1JP,H� 163 Hz, 4JP,F� 32 Hz)
was observed by addition of one equivalent of [18]crown-6 to
a solution of 2 in THF. This result is in sharp contrast to the
results observed in the case of the lithium and potassium salts
of MesPH2 (Mes� 2,4,6-trimethylphenyl) for which no differ-
ence in the 31P chemical shift was observed on addition of
crown ethers.[6b] Red/orange crystals suitable for an X-ray
crystallographic study were isolated from a mixture of toluene
and THF (4:1) at�10 �C. The salt crystallizes as discrete units
of formula [K([18]crown-6)(ArfPH)] 3, with no close inter-
molecular contacts (Figure 1).[11] The phosphorus atom is

Figure 1. Molecular structure of [K([18]crown-6)(ArfPH)] (3). Selected
bond lengths [pm] and angles [�]: P1-C1 179.4(9), C1-C2 145.2(7), C2-C3
139.3(7), C3-C4 139.1(6), C4-C5 138.9(7), C5-C6 139.8(7), P1-K1 329.3(2),
F1-K1 311.0(1); P1-C1-C2 120.1(2), P1-C1-C6 127.0(3), C2-C1-C6 112.9(3),
C3-C4-C5 118.3(3).

three-coordinate and adopts a distinctly trigonal-pyramidal
configuration (sum of angles around the phosphorus atom:
345.8�). The P ±K distance (329.3 pm) is comparable to those
found in structurally characterized oligomeric potassium
phosphanides.[6c,d] The potassium cation, in addition to being
associated with the P1 atom, is encapsulated by six oxygen
atoms of the crown ether, and probably interacts with one
fluorine atom (K ±F: 311.0 pm).[12] A significant participation
of the Arf substituent in the delocalization of the negative
charge is indicated by the relatively short P1�C1 bond
(179.5 pm).

To effect complete separation of the metal cation and
phosphanide anion, two equivalents of [15]crown-5, which is
known to form sandwich complexes with potassium cations,
were added to a solution of ArfPHK in THF that was
generated in situ from ArfPH2 and KH. Recrystallization of
the resulting precipitate from THF at �20 �C afforded
extremely air and moisture sensitive deep red crystals of
[K([15]crown-5)2][ArfPH] 4. Analysis by X-ray diffraction
reveals that complexation of the potassium cation by two
molecules of [15]crown-5 indeed occurs, thus leaving the
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phosphorus atom dicoordinate (Figure 2).[11] Note, that the
H atom bonded to the phosphorus atom has been located
experimentally, and the observed planar structure was calcu-
lated to be around 17 kcalmol�1 lower in energy than the

Figure 2. Molecular structure of [K([15]crown-5)2][ArfPH] (4). There are
two half molecules of the cationic part in the asymmetric unit, but for
clarity only one cation is shown in its full environment. Selected bond
lengths [pm] and angles [�]: P1-C1 179.3(6), C1-C6 143.2(7), C1-C2
143.9(7), C2-C3 139.5(8), C3-C4 137.6(8), C4-C5 137.8(8), C5-C6 139.0(8);
P1-C1-C2 123.8(4), P1-C1-C6 122.8(4), C2-C1-C6 113.3(5), C1-C2-C3
121.8(5),C3-C4-C5 118.4(6), C4-C5-C6 120.9(6), C5-C6-C1 123.4(6).

structure containing the P�H bond orthogonal to the benzene
ring. The P1�C1 bond (179.3 pm) in 4 is half way between that
observed for the P�C single bond in the diphosphanomethane
5 (186.9 pm)[13] and the P�C bond in the phosphaquinone 6
(170.5 pm).[14] The benzene ring in 4 exhibits an even stronger
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distortion than in 3 : the C1�C2 (143.9 pm) and C1�C6
(143.2 pm) bonds are significantly longer than the other C�C
bonds in the benzene ring (137.6 ± 139.5 pm). These data
clearly indicate a delocalization of the negative charge over
the ring (4A), as confirmed by calculations that found only a
small negative charge (�0.32) at the phosphorus atom.[15]

The 31P NMR signal for complex 4 in THF at room
temperature is only slightly deshielded (�P��67) compared
to that for 3 and appeared as a doublet of septets (1JPH�
163 Hz, 4JPF� 32 Hz), which indicates the magnetic equiva-
lence of the CF3 groups. However, the 19F NMR signal (�F�
�10) is broad, which suggests a dynamic phenomenon. The
CF3 groups become magnetically nonequivalent, as evident by
the observation of two broad 19F signals at�20 �C. Decreasing
the temperature to �50 �C gave well-resolved multinuclear
NMR spectra, which clearly supports structure 4A.[16] For
example, the 31P{1H} NMR signal obtained at �50 �C is a
quartet of quartets (JP,F� 72 and 9 Hz), and the six ring carbon
atoms are different: the para carbon atom is at very high field
(�C� 105.9) and the ipso carbon atom at very low field (�C�
170.3), which is in the range expected for phosphaalkenes.

The existence of the naked phosphanide 4, both in the
solid state and in solution, is in line with the calculated high
gas-phase acidity of ArfPH2 (1410 kJmol�1), compared to
those of PhPH2 (1475 kJmol�1) and PH3 (calcd: 1524,
expt.: 1549 kJmol�1)[17]). In fact, the gas-phase acidity of
ArfPH2 is comparable to that of HCO2H (calcd: 1401,
expt.: 1442 kJmol�1).[17]

Experimental Section

All reactions and manipulations were carried out in an atmosphere of dry
argon by using standard Schlenk procedures or a glove box. Solvents were
distilled over Na/K alloy. 2,6-Bis(trifluoromethyl)phenyldichlorophos-
phane was prepared according to a known procedure.[18]

1: A solution of ArfPCl2 (13.1 g, 41.5 mmol) in diethyl ether (25 mL) was
added dropwise at �60 �C to a stirred suspension of LiAlH4 (3.1g,
82.9 mmol) in diethyl ether (55 mL). After the addition was complete,
stirring was continued for 1 h at �60 �C, for 2 h at �30 �C, and for 10 h at
room temperature. The solution was then cooled to �30 �C and a 20%
aqueous solution of NH4Cl (20 mL) slowly added. The organic layer was
separated, the aqueous phase then treated with 40 mL of a 30% aqueous
solution of NaOH and extracted immediately with diethyl ether (100 mL).
The combined organic phases were dried with sodium sulfate and 1 purified
by distillation: b.p. 31 ± 32 �C/0.5 torr (63% yield).

3: A solution of 1 (337 mg, 1.37 mmol) in THF (1 mL) was added to a
suspension of KH (55 mg, 1.37 mmol) in THF (3 mL) at �15 �C. The
orange solution was stirred for 30 min and then treated with [18]crown-6
(362 mg, 1.37 mmol). After evaporation of the solvent, 3 was recrystallized
from a mixture of toluene and THF (4:1; 75% yield).

4 : Potassium phosphanide was treated with two equivalents of [15]crown-5
in a similar procedure as for 3. After recrystallization from THF, 4 was
isolated as deep red crystals (83% yield).
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Helical conformations of organic and inorganic entities
have received much attention as a result of their occurence in
many biological systems. Maintained by multiple hydrogen
bonds and electrostatic interactions, �-helices are involved in
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