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Reactivity of a kinetically stabilized 1,3,6-triphosphafulvene
toward some nucleophiles
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Abstract—A kinetically stabilized 1,3,6-triphosphafulvene displayed regioselective reactivity toward nucleophiles at the external
phosphorus atom (position 6) to afford the corresponding phosphinodiphospholide anions, which gave phosphinodiphospholes
after quenching with electrophiles, as well as being readily reduced by sodium naphthalenide suggesting properties similar to
fulvenes.
� 2004 Elsevier Ltd. All rights reserved.
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We previously reported the formation and characteriza-
tion of a sterically protected 1,3,6-triphosphafulvene 1
as a phosphorus congener of fulvene.1 Compound 1 is
a formal trimer of the phosphanylidene carbenoid
[Mes*P@C(Br)Li],2 resulting from the intermediary gen-
eration of phosphaalkyne [Mes*C„P]. Fulvenes are a
valence isomer of benzene and have widely been investi-
gated as one of the most important cross-conjugated
p-electron systems.3 It is well established that the elec-
trophilic fulvenes react with nucleophiles selectively at
position 6 to afford the corresponding cyclopentadi-
enides.4 Moreover, fulvenes can readily be reduced by
alkaline metals to afford the corresponding anionic spe-
cies.5,6 Taking the similarity between the phosphorus–
carbon double bond and the carbon–carbon double
bond into consideration,7,8 1 is expected to display reac-
tivity toward nucleophiles as well as reducing reagents.
In this paper, we report the reactions of 1 with alkyllith-
iums and lithium aluminum hydride followed by treat-
ment with electrophiles. Additionally, reduction of 1
with sodium naphthalenide is described.

1,3,6-Triphosphafulvene 1, prepared from 2,2-dibromo-
1-(2,4,6-tri-tert-butylphenyl)-1-phosphaethene [Mes*P
@CBr2],

9 was allowed to react with methyllithium to
generate the corresponding phosphinodiphospholyl-
anion 2a. The formation of 2a was monitored by 31P
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NMR spectroscopy [dP = 223 (P1), 216 (P3), �31 (P6),
2JP1P3 = 20Hz, 2JP1P6 = 15Hz, 3JP3P6 = 10Hz] at room
temperature.10 Subsequently, the reaction mixture was
treated with iodomethane and, after purification by
silica-gel column chromatography, 5-phosphino-1H-
[1,3]diphosphole 3a (R = Me) was isolated in 51%
yield.11 In the 31P NMR spectrum, peaks due to one
sp2 phosphorus atom and two phosphino groups were
observed (Scheme 1).

The structure of 3a was confirmed by X-ray crystallogra-
phy and is displayed in Figure 1.12 Two methyl groups
are on P2 (position 1 according to IUPAC nomencla-
ture) and P3, displaying (R,R) and (S,S) configurations
probably as a result of steric congestion. The bulky
Mes* groups are almost perpendicular, protecting
the diphosphole ring effectively and thus, 3a did not
Mes* = 2,4,6-t-Bu3C6H2
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Figure 1. Molecular structure of 3a (30% probability ellipsoids).

Hydrogen atoms are omitted for clarity. The o- and p-tert-butyl groups

in the C1–Mes* group and the p-tert-butyl group in the C3–Mes*

group are disordered and atoms with predominant occupancy factors

are shown. Selected bond lengths (Å) and angles (�): P1–C1 1.815(3),

P1–C3 1.685(3), P2–C2 1.799(3), P2–C3 1.794(4), P2–Me 1.823(5), P3–

C2 1.822(3), P3–Me 1.832(4), P3–Mes* 1.870(3), C1–C2 1.376(4), C1–

Mes* 1.521(4), C3–Mes* 1.511(4), C1–P1–C3 98.2(2), C2–P2–C3

98.4(1), C2–P2–Me 110.8(2), C3–P2–Me 105.0(2), C2–P3–Mes*

105.9(1), C2–P3–Me 108.4(2), Mes*–P3–Me 111.9(2), P1–C1–C2

117.1(2), P1–C1–Mes* 118.6(2), C2–C1–Mes* 124.3(3), P2–C2–P3

121.5(2), P2–C2–C1 112.3(2), P3–C2–C1 125.8(2), P1–C3–P2 112.6(2),

P1–C3–Mes* 134.9(3), P2–C3–Mes* 112.3(2).

Figure 2. Drawing of LUMO of 1,3,6-triphosphafulvene 1 0 (HF/6-

31G*).
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decompose at room temperature in air. The P1–C3 dis-
tance indicates a phosphorus–carbon double bond, and
the structural parameters of the 1H-[1,3]diphosphole
ring are close to the reported 3,3 0-1,1 0-biphospholyl com-
pound.13 The reaction of iodomethane on P2 is consist-
ent with the softness of the phosphorus and the
iodomethane.14,15 Although the bulk around P2 seems
to be larger than that around P1 (position 3) as indicated
by formation of 1W,1 the regioselective methylation
might be due to formation of a thermodynamically fav-
ored (Me)P–C@P–C@C[P(Me) Mes*]–P skeleton.

Similar to fulvene, the external phosphorus atom
(position 6) of 1 reacts with the employed nucleophile,
revealing the electron-withdrawing effect of the
[1,3]diphosphole ring. An ab initio calculation for
1,3,6-triphosphafulvene 1 0 (HF/6-31G*) as a model indi-
cates that the LUMO has the largest coefficient at the
external phosphorus atom in agreement with the regio-
selective attack of nucleophile as shown in Figure 2.

In the reaction of 1 with butyllithium, the regioselective
attack of butyllithium at the external phosphorus atom
occurred to give the corresponding diphospholyl anion
2b [dP = 223, 216, �2] and, after the treatment with
iodomethane, 3b was obtained. The structure of 3b
was confirmed by NMR spectra11 as well as X-ray crys-
tallographic analysis (CCDC-236714, see Supporting
information). Moreover, 1 was allowed to react with
LAH (= lithium aluminum hydride) to generate
diphospholyl anion 2c, which afforded 3c by quenching
with iodomethane (60% yield) (Chart 1).16
Reduction of 1 with a single-electron reducing reagent
showed the characteristic features of the triphosphaful-
vene structure. Compound 1 was allowed to react with
sodium naphthalenide (ca. 3equiv) and subsequently
quenched with iodomethane at �78 �C to generate 3a to-
gether with 3c in a 2:1 ratio through an anionic interme-
diate 4. Compound 3c might be afforded due to the
formation of the sodium salt of a 2c equivalent in the
reaction mixture.17 The electron-accepting ability of 1
was measured by cyclic voltammetry, revealing that
the reduction potential (E1/2) was observed at �0.68V
versus Ag/AgCl (Fig. 3). The electron-accepting prop-
erty of 1 corresponds to fulvene,3–6 and the reduction
potential of 1 is similar to that of phosphaalkenes.2,7

The reversible redox wave in Figure 3 indicates that
the anionic species generated from 1 is stable to some
extent.

In summary, it has been verified that 1,3,6-triphospha-
fulvene 1 regioselectively reacts with nucleophiles at
the external phosphorus atom to generate phosphinodi-
phospholyl anions 2. The LUMO calculation of 1,3,6-
triphosphafulvene is consistent with this reactivity.
Diphospholyl anions 2 were allowed to react with iodo-
methane to give 5-phosphino-1H-[1,3]diphospholes 3
and the structure was analyzed by X-ray crystallogra-
phy. As indicated by the CV measurement, 1 was readily
reduced by sodium naphthalenide to generate the dian-
ionic intermediate. These results suggest not only the
correspondence of 1 with fulvenes, the carbon conge-
ners, but also the usefulness of novel organophosphorus



Figure 3. Cyclic voltammogram of 1. Conditions: 1mM in dichloro-

methane; supporting electrolyte: 0.1M nBu4NClO4 (TBAP); working

electrode: glassy carbon; counter electrode: platinum wire; reference

electrode: Ag/AgCl at 20�C; scan rate: 50mVs�1; E = potential,

I = current.
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ring compounds, which can be applicable to materials
such as ligands of metal complexes.7 Attempts to isolate
several anionic species of 2 as well as observation of rad-
ical anions generated from 1 are underway.
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20.493(4)Å, a = 96.711(4), b = 91.820(4), c = 108.574(4)�,
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