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The new diphosphene DmpPdPMes* (Dmp ) 2,6-Mes2C6H3; Mes* ) 2,4,6-tBu3C6H2, 1) having two different
classes of sterically demanding aryls has been prepared and structurally characterized. This structure appears to
be the first featuring both types of sterically demanding groups (a meta-terphenyl and Mes*) in a single molecule
about a multiply bonded unit. Compound 1 features a PdP bond length of 2.024(13) Å. The structure of 1 also
allows comparisons to the two previously structurally characterized symmetric diphosphenes DmpPdPDmp and
Mes*PdPMes*. The crystal structure of the cyclotetraphosphane [DmpPPPh]2 (3), the product of self-dimerization
of the unstable diphosphene DmpPdPPh (2), has been determined. The structure of 3 demonstrates that a single
bulky Dmp group is insufficient to prevent dimerization of 2. 31P NMR data for all three compounds are also
reported.

Introduction

The use of the Mes* unit (Mes*) 2,4,6-tBu3C6H2, Chart
1, left) as a sterically demanding group in organophosphorus
chemistry has led to many significant discoveries of new
compounds containing multiply bonded phosphorus atoms.
For example, a bona fide phosphobenzene was not realized
until 1981 with the synthesis of Mes*PdPMes*.1 As was
shown in this and in following studies, successful isolation
of diphosphenes (RPdPR) necessitates the use of sterically
bulky groups to thwart redistribution reactions of the
constituent phosphinidene (RP) fragments to cyclooligomeric
products.2 More recently, the use ofmeta-terphenyl ligands
(2,6-Ar2C6H3, Chart 1, right) has proven to be equally
effective in providing steric shielding for new and exciting
compounds having multiply bonded phosphorus and other
main group elements.3,4 We are currently interested in
developingmeta-terphenyl, and the related tetrarylphenyl

ligands (2,3,5,6-Ar4C6), for the synthesis of molecules
incorporating multiple low-coordinate phosphorus centers.5

Herein we present the synthesis of two new diphosphenes
DmpPdPR (Dmp) 2,6-Mes2C6H3; R ) Mes* (1), Ph (2))
having differing degrees of stability. The single-crystal X-ray
structure of the stable asymmetric diphosphene DmpPdPMes*
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is reported, which appears to be the first structurally
characterized material featuring both types of sterically
demanding groups (ameta-terphenyl and Mes*) in a single
molecule about a multiply bonded unit. In addition, the
crystal structure of the cyclotetraphosphane [DmpPPPh]2 (3),
the product of self-dimerization of the unstable diphosphene
DmpPdPPh, has also been determined.

Experimental Section

General Procedures.All manipulations were carried out by
using modified Schlenk techniques or in a drybox under N2.
Solvents were purified by distillation from Na-benzophenone ketyl
under a N2 atmosphere before use. PhPCl2 was distilled and
degassed prior to use. DmpPCl2,6 DmpPH2,6 and Mes*PH2

7 were
prepared by reported methods. NMR data were recorded on a Varian
Gemini spectrometer operating at 300 MHz or 121 MHz for1H
and 31P spectra, respectively.31P NMR data are referenced to
external 85% H3PO4, while 1H NMR data are referenced to residual
proton solvent signals of CDCl3. Mass spectroscopic analyses were
performed at the CWRU departmental facility.

DmpPdPMes* (1). A solution of 0.10 g of [Li(Et2O)][P(H)-
Mes*] (0.29 mmol) in 10 mL of diethyl ether was added to a
solution of 0.12 g of DmpPCl2 (0.29 mmol) in 10 mL of diethyl
ether with stirring over a 30 min period. During that time a fine
white precipitate formed. The solvent was reduced in volume to
10 mL, and a solution of 0.044 g of DBU (0.29 mmol) in 2 mL of
diethyl ether was added. Upon addition, the solution became yellow
and eventually became orange over a 1 hperiod, after which time
the reaction mixture was filtered and the solvent was removed in
vacuo. The solid material was recrystallized from hexanes at-35
°C to give 0.091 g of yellow crystalline1 (50%). 31P NMR
(CDCl3): δ 526.2 (d,JPP ) 572 Hz), 455.5 (d,JPP ) 572 Hz).1H
NMR (CDCl3): δ 0.99 (s, 18H), 1.27 (s, 9H), 2.11 (s, 12H), 2.30
(s, 6H), 6.85 (s, 4H), 6.97 (s, 2H), 7.04 (d, 2H,JHH) 8 Hz), 7.43
(t, 1H, JHH) 8 Hz). HRMS (FAB, M+1): calcd for C42H55P2,
621.3779; found, 621.3790.

[DmpPPPh]2 (3). A solution of 0.24 g of [Li(Et2O)][P(H)Dmp]
(0.56 mmol) in 30 mL of Et2O was added to a vigorous stirred
solution of 0.10 g of PhPCl2 (0.56 mmol) in 20 mL of diethyl ether
over a 30 min period. During this time a fine white precipitate was
formed. After an additional 1 h of vigorous stirring, a31P{1H} NMR
spectrum of an aliquot indicated complete consumption of PhPCl2.
The solvent was reduced in volume to 25 mL. To the resulting
white suspension was added a solution of 0.086 g of DBU (0.56
mmol) in 10 mL of diethyl ether. The solution became yellow, and
analysis of a reaction aliquot by31P NMR spectroscopy immediately
after the addition of DBU showed the presence of only the
diphosphene DmpPdPPh (2, δ 492.3 (d,JPP ) 575 Hz), 489.2 (d,
JPP ) 575 Hz)). After 1 h, the reaction mixture was filtered and
the solvent removed in vacuo to give 0.215 g of3 (82%).31P NMR
(CDCl3): δ -24.8 (t,JPP ) 120 Hz),-44.4 (t,JPP ) 120 Hz).1H
NMR (CDCl3): δ 1.75 (s, 24H), 2.09 (s, 12H), 6.46 (s, 8H), 6.70
(d, 4H, JHH ) 8 Hz), 7.00-7.20 (m, 12H). HRMS (FAB): calcd
for C60H60P4, 904.3646; found, 904.3639.

X-ray Diffraction Studies. Details for the data collections and
structure solutions are presented in Table 1. Further details may
be found in the Supporting Information.

Results and Discussion

A variety of synthetic routes have been applied to the
preparation of asymmetric diphosphenes (RPdPR′). For the
present compounds, the best route involved performing the
first step of the condensation by reaction of a phosphanido
salt [Li(Et2O)][P(H)Ar] with Ar ′PCl2 (Scheme 1).

Reactions were then monitored by31P{1H} NMR spec-
troscopy to ensure full consumption of Ar′PCl2 prior to
addition of DBU. Addition of DBU to these solutions thus
readily promotes dehydrochlorination of the diphosphines
R(H)PP(Cl)R′ to cleanly yield the diphosphenes1 and2, as
judged by31P NMR spectroscopy. Diphosphene1 is also
produced as a major product during photolysis of mixtures
of DmpPdPMe3 and Mes*PdPMe3.8 In comparison to
known asymmetric diphosphenes, both the chemical shifts
and the magnitudes of PP coupling constants are in the
normal range for1 and 2.2 For example, the diphosphene
4-{NAr2}-2,6-Mes2C6H2PdPMes* (Ar ) 4-MeOC6H4), the
first example of a terphenyl-andMes*-protectedπ-bonded
species, showsδ 453 and 530 (JPP ) 575 Hz).9

Diphosphene1 is quite thermally robust and was fully
characterized. Deep yellow crystals of1 suitable for X-ray
diffraction studies were grown from an ether-hexanes

(6) Urnezius, E.; Protasiewicz, J. D.Main Group Chem.1996, 1, 369.
(7) Cowley, A. H.; Norman, N. C.; Pakulski, M. InInorganic Synthe-

ses; Ginsberg, A. P., Ed.; McGraw-Hill: New York, 1990; Vol. 27,
p 235.

(8) Shah, S.; Simpson, M. C.; Smith, R. C.; Protasiewicz, J. D.J. Am.
Chem. Soc.2001, 123, 6925.

(9) Tsuji, K.; Sasaki, S.; Yoshifuji, M.Tetrahedron Lett.1999, 40, 3203.

Table 1. Crystal Data and Structure Refinement for1 and3

param 1 3

empirical formula C42H54P2 C62H64O0.50P4

fw 620.79 941.01
temp (K) 173(2) 293(2)
wavelength (Å) 0.710 73 0.710 73
cryst system triclinic triclinic
space group P1h P1h
unit cell dimens (Å, deg) a ) 12.2774(2) a ) 12.4811(13)

b ) 13.1536(2) b ) 13.0376(13)
c ) 14.4521(2) c ) 21.9996(2)
R ) 63.6983(6) R ) 80.933(8)
â ) 80.3553(7) â ) 78.112(7)
γ ) 64.1540(5) γ ) 62.186(6)

V (Å3) 1882.04(4) 2809.0(5)
Z 2 2
density (calcd, Mg/m3) 1.095 1.113
abs coeff (mm-1) 0.142 0.172
F(000) 672 1000
cryst size (mm) 0.40× 0.20× 0.20 0.14× 0.14× 0.34
cryst color and shape yellow-orange block colorless prism
θ range data collcn (deg) 1.84-22.50 1.99-24.50
limiting indices 13< h < 13 1< h < 14

14 < k < 13 13< k < 14
15 < l < 15 22< l < 22

reflcns collcd 4728 10 151
indpt reflcns 4040 (Rint ) 0.0448) 8782 (Rint ) 0.0423)
refinement method full-matrix least

squares onF2
full-matrix least

squares onF2

data/restraint/params 4728/0/397 8782/0/599
goodness-of-fit onF2 1.947 1.080
final R indices [I > 2σ(I)] R1 ) 0.0706 R1) 0.0770

wR2 ) 0.1977 wR2) 0.2072
R indices (all data) R1) 0.0843 R1) 0.1504

wR2 ) 0.2113 wR2) 0.2450

a R(F) ) ∑||Fo| - |Fc||/∑|Fo|. b RW(F2) ) [∑{w(Fo
2 - Fc

2)2}/
∑{w(Fo

2)2}]0.5; w-1 ) σ2(Fo
2) + (aP)2 + bP, whereP ) [Fo

2 + 2Fc
2]/3

anda andb are constants adjusted by the program.
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mixture at-35 °C. The results of a structure determination
are presented in Figure 1. Selected bond lengths and angles
are presented in Table 2. The primary feature of interest,
the PdP bond length of 2.024(13) Å, is within the range of
reported PdP bond lengths (1.985-2.049 Å) for diphos-
phenes.2,6 Structures of asymmetric diphosphenes are some-
what scarce by comparison to symmetric diphosphenes.
Another interesting aspect of this structure is that it allows
for structural comparisons between the two comparably sized
sterically encumbered ligands Mes* and Dmp about a
multiply bonded unit.10 Comparisons can also be drawn to
the two symmetric analogues DmpPdPDmp6 and Mes*Pd
PMes*,1 which display PdP bond lengths of 1.985(2) and
2.034(2) Å, respectively. Angles about the phosphorus atoms
in DmpPdPMes* are 98.0(1) and 101.2(1)°. The larger PPC
bond angle for the phosphorus atom bearing the Dmp group

might suggest that this group is effectively more bulky than
the Mes*, but the PC bond lengths are in contradiction to
this simple view. In addition, it appears that an atom bearing
a single hindered aryl is better shielded by a Mes* group,
while an atom bearing two aryls is more crowded having
two terphenyl groups.11 The PPC bond angles in1 are within
the range of corresponding values observed in DmpPdPDmp
(109.8(1) and 97.4(3)°) and Mes*PdPMes* (102.8(1)°). The
PdP unit in 1 is deflected completely out of the plane of
each attached aromatic ring (ca. 87°), due to the massive
sizes of the sterically encumbered groups. By contrast, the
PdP functional group in DmpPdPDmp is deflected away
from the plane of only one of the two attached aromatic rings
(81°) and only marginally so for the other (13°). In Mes*Pd
PMes*, the PdP group is displaced by a more modest degree
(62°). As noted previously, interactions across the EdE array
may also play a significant role in dictating the orientation
of EE units inmeta-tephenyl-substituted multiply bonded
systems.12,13
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Scheme 1

Figure 1. Structure of DmpPdPMes* (1).

Table 2. Selected Bond Distances (Å) and Angles (deg) for1 and3

Compound1

P(1)-P(2) 2.0240(13) P(2)-C(19) 1.846(3)
P(1)-C(1) 1.860(3)
C(1)-P(1)-P(2) 97.99(11) C(6)-C(1)-P(1) 120.4(2)
C(19)-P(2)-P(1) 101.19(11) C(20)-C(19)-P(2) 118.1(2)
C(2)-C(1)-P(1) 120.4(3) C(24)-C(19)-P(2) 121.7(3)

Compound3

P(1)P-(2) 2.228(2) P(1)-C(1) 1.838(6)
P(1)-P(4) 2.233(2) P(2)-C(49) 1.852(6)
P(2)-P(3) 2.242(2) P(3)-C(25) 1.855(6)
P(3)-P(4) 2.252(2) P(4)-C(55) 1.842(6)
P(2)-P(1)-P(4) 82.84(7) C(55)-P(4)-P(1) 97.1(2)
P(1)-P(2)-P(3) 78.33(7) C(55)-P(4)-P(3) 105.1(2)
P(2)-P(3)-P(4) 82.07(7) C(30)-C(25)-P(3) 121.8(4)
P(1)-P(4)-P(3) 78.02(7) C(26)-C(25)-P(3) 118.8(4)
C(1)-P(1)-P(2) 109.0(2) C(54)-C(49)-P(2) 116.5(5)
C(1)-P(1)-P(4) 114.9(2) C(50)-C(49)-P(2) 125.2(5)
C(49)-P(2)-P(1) 98.7(2) C(2)-C(1)-P(1) 128.9(5)
C(49)-P(2)-P(3) 105.7(2) C(6)-C(1)-P(1) 112.5(4)
C(25)-P(3)-P(2) 107.65(19) C(60)-C(55)-P(4) 125.2(5)
C(25)-P(3)-P(4) 107.44(18) C(56)-C(55)-P(4) 116.2(5)

Smith et al.

5298 Inorganic Chemistry, Vol. 41, No. 20, 2002



Diphosphene2, in contrast to 1, rapidly undergoes
dimerization in solution to the cyclotetraphosphane [Dmp-
PPPh]2 (3, Scheme 1) in high yield.31P NMR coupling
constants and multiplicity for3 indicate that the P4 ring has
its substituents arranged as portrayed in Scheme 1. Such an
arrangement presumably allows the massive Dmp groups to
be maximally disposed about the P4 ring.

This spatial arrangement was further confirmed by analysis
of a single crystal of3 by X-ray diffraction (Figure 2). Each
phosphorus atom that comprises the P4 ring is pyramidal,
with a slightly greater distortion toward planarity for the
phosphorus atoms bearing the larger Dmp groups (ΣB.A.(P1)
) 307°, ΣB.A.(P3) ) 297°), compared to phosphorus atoms
carrying Ph groups (ΣB.A.(P2) ) 283°, ΣB.A.(P4) ) 280°).
The arrangement of the two Dmp groups is such that the
two massive units are nearly orthogonal to one another, most
likely in response to steric interactions between the two units.
The Dmp unit attached to P3 is near enough to the two
phenyl rings on P1 and P2 to suggest potentialπ-stacking
interactions with its two mesityl rings, as indicated by
centroid-centroid distances of 3.79 and 3.82 Å.14 The P-P
bond lengths around the ring range from 2.228 to 2.252 Å
and are consistent with phosphorus-phosphorus single-bond
lengths found for other (RP)4 rings.15

The P4 ring in3 is clearly nonplanar and the puckering is
fairly significant. The puckering in P4 rings is usually
described by a folding angleψ (Figure 3).16 Values ofψ

span a wide range, from nearly planar value of 173.1° for
[tBuC(O)P]417 to highly open values of 110.0 and 113.6°
experimentally determined for [(Me3Si)2CHP]418 and [(Me3-
Si)2NP]4,19 respectively. The corresponding two values (due
to asymmetry of the molecule) of 113.9 and 116.2° for 3 is
at the open end of the spectrum of folding angles for this
class of compounds. The asymmetry of3 and overall
structure are closely paralleled in the structure of [TmpPPPh]4

(Tmp ) 2,2,6,6-tetramethylpiperidyl)19 (ψ ) 115.4 and
119.3°). For example, the closest contacts between opposite
pairs of phosphorus atoms across the rings of3 are 2.824
and 2.951 Å, close to corresponding values of 2.803 and
3.061 Å for [TmpPPPh]4.

Diphosphenes similar to1 and2 ([DmpPdPR]) having R
groups between the sizes of Mes* and Ph (R) tBu or Ar′
) 2,6-(4-tBuC6H4)2C6H3) were generated by the synthetic
route used for1.20 These diphosphenes, like2, underwent
further reaction in solution and appear to yield mixtures of
cycotetraphosphanes (as suggested by31P NMR spectros-
copy), but these mixtures were more difficult to fully
characterize.

Conclusions

Two new diphosphenes were prepared and fully character-
ized. The first, DmpPdPMes* (1), is an interesting diphos-
phene that carries two different types of sterically demanding
ligands. The second, DmpPdPPh, is unstable and rapidly
dimerizes to the cyclotetraphosphane [DmpPPPh]2 (3). Both
1 and3 have been structurally characterized by single-crystal
X-ray diffraction.
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Figure 2. Structure of [DmpPPPh]2 (3).

Figure 3. Fold Angleψ.
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