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Strain gives cyclopropane derivatives their unique electronic and
chemical properties.1 Spirofusion of three-membered rings augments
the strain by 8.5 kcal/mol,2 and yet many stable linear and branched
[n]triangulanes are known,3,4 but instead only few hetero[n]-
triangulanes are known, irrespective of whether it concerns spiro-
cyclopropanated aziridines, oxiranes, thiiranes, siliranes, or phos-
phiranes.3 The higher reactivity of the heterocyclic ring is believed
to be the underlying cause. In contrast, we now report on the
exceptional stability of a branched phospha[7]triangulane.

Reaction of carbene-like terminal phosphinidene complex [Ph-
PdW(CO)5],5 generated in situ by cheletropic elimination from1
at 100°C in toluene, with second-generation bicyclopropylidene
24 afforded W(CO)5-complexed phospha[7]triangulane3 (mp 178-
179 °C, 88%) as the sole product (Scheme 1). Its31P NMR
resonance atδ -119.6 is deshielded by 9.8 from the first-generation
triangulane6 and by 70.5 ppm from parent4.7 This illustrates little
influence of the second spirocyclopropane sphere, but the larger
phospha[15]triangulane could not be synthesized from third-
generation bicyclopropylidene54 because of its too congested
double bond.4b

The stabilizing W(CO)5 group was subsequently removed from
3. While oxidation with iodine at-30 °C8 afforded [W(CO)4I]+I--
complexed phospha[7]triangulane [δ(31P)-130.1], quenching with
N-methylimidazole8 only led to degradation. Instead direct ligand
exchange in refluxing xylene (150°C!) with (Ph2PCH2)2 (dppe)9

was more successful, giving free phospha[7]triangulane6 (mp 168-
169°C, 82%) as the sole product (Scheme 2).10 Its δ(31P) at-164.0
shows the expected shielding on demetalation, and the increased
1J(P,C) coupling from 6.2 (3) to 37.3 Hz resembles that for the
parent 1-phenylphosphirane.7,11 The molecules of6 are located on
an exact mirror plane in the crystal (Figure 1)12 and show slightly
elongated P-C and P-Ph bonds (by respectively 0.02 and 0.01
Å) due to the absence of the stabilizing W(CO)5 group.

The exceptional thermal stability of3 and 6 is remarkable as
most phosphiranes eliminate or transfer [Ph-PdW(CO)5] at much
lower temperatures (e100-115°C).10 That the six spirofused rings
indeed stabilize the CCP ring is evident from the mere 6.5 kcal/
mol difference in strain energies (SE), determined with homodes-
motic reactions at G3(MP2),13 between parent phospha[7]triangulane

6′ (H for Ph; 224.2 kcal/mol) and alkene2 (217.7 kcal/mol);
phosphirane C2PH5 has an SE of 20.8 kcal/mol. A contributing
factor is the releaseofolefinstrain (OS) in2thatamounts to23.1kcal/
mol (see Supporting Information). The higher stability of6 is also
related to a higher olefinicπ-donor andπ*-acceptor ability in24

caused by spirocyclopropanation, which is reflected in the 9.3 kcal/
mol larger exothermicity for reaction of1PH (A1) with 2 (82.9
kcal/mol) than for1PH with ethylene (73.5 kcal/mol; G3(MP2)). This
behavior is in line with a higher HOMO (-8.45 vs-10.08 eV) and
a lower LUMO (4.12 vs 4.88 eV) for2 when compared to ethylene.14

The higher reactivity of alkene2 is also reflected in the CuCl-
catalyzed reaction with1,15 but with surprises. Not only does the
reaction already take place at room temperature, instead of the usual
55-60°C,15 but it also gives only a modest yield of3 (42%) besides
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Scheme 1. Synthesis of Phospha[7]triangulane Complex 3

Scheme 2. Decomplexation of 3

Figure 1. Displacement ellipsoid plot (50%) of6. Selected bond lengths
[Å] and angles [deg]: P1-C1 1.8430(11), C1-C1a 1.470(2), C1-C2
1.4889(14), C1-C5 1.4879(14), C2-C3 1.4862(15), C2-C4 1.4825(15),
C2-C5 1.4712(15), C3-C4 1.5305(17), C5-C6 1.4841(15), C5-C7
1.4869(16), C6-C7 1.5262(18); C1-P1-C1a 47.02(6), P1-C1-C1a
66.49(3). A: x, 0.5 - y, z.
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other products, including7 (6%) (Scheme 3).16 The structure of7,
the first 2-phosphabicyclo[3.2.0]hept-1(5)-ene derivative,17 spiro-
cyclopropanated at each carbon, was established by single-crystal
X-ray crystallography (Figure 2).12

The formation of7 is attributed to the influence of CuCl on the
cycloaddition process as3 converts with added CuCl only slowly
in refluxing toluene to7 and other products. This CuCl-catalyzed
cycloaddition behavior concurs with a recent analysis suggesting
that a CuCl-alkene complex facilitates the fragmentation of1 to
give a reactive [PhP(Cl)W(CO)5]-Cu-alkene intermediate that
subsequently undergoes an SN2-type addition with alkenes.18 This
bulky Cu-containing reagent likely hampers the concerted [1+2]-
cycloaddition, thereby enabling the formation of zwitterion8, which
can ring-close to3 but also rearrange to9 in analogy to the
cyclopropanation reaction of2 with N2CHCO2Et in which both
products were obtained.4b However, contrasting its stable hydro-
carbon analogue, the more reactive PdC bond of 9 enables a
subsequent [1,3]-sigmatropic shift19 to give 7. This conversion is
19.9 kcal/mol exothermic at B3LYP/6-31G* for the parent system
(H for Ph, no W(CO)5).20

In conclusion, a highly strained, thermally stable (up to 150°C)
branched phospha[7]triangulane was synthesized from second-
generation bicyclopropylidene2 and phosphinidene [Ph-Pd
W(CO)5], followed by demetalation in refluxing xylene. Bulkier
transient CuCl-alkene-complexed phosphinidene gave also a
2-phosphabicyclo[3.2.0]hept-1(5)-ene. Spirocyclopropane-annela-
tion is stabilizing both of these novel compounds.
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Figure 2. Displacement ellipsoid plot (50%) of7 (molecule one of two).
Selected bond lengths [Å] and angles [deg]: P1-C1 1.805(6), P1-C12
1.877(5), C1-C8 1.339(7), C2-C5 1.524(7), C9-C12 1.539(7); C1-P1-
C12 89.2(3).

Scheme 3. Formation of 3 and 7 under CuCl Catalysis
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