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ABSTRACT: A new example of [2+4] cycloaddition
of the low-coordinated diphospha-analog of butadi-
ene protected with a 2,4-di-tert-butyl-6-methylphenyl
group has been described. X-ray structure investiga-
tions of monomer 4b and dimer 5a have been re-
ported for the first time. C© 2003 Wiley Periodicals, Inc.
Heteroatom Chem 14:231–234, 2003; Published online
in Wiley InterScience (www.interscience.wiley.com). DOI
10.1002/hc.10123

INTRODUCTION

The P C �-bond in phosphaalkenes is practically
apolar [1–3]. As a matter of fact the polarity of this
bond could be reversed by dialkylamino-substituents
on the carbon side [4] .The regioselectivity by the
addition of a polar reagent at the P C �-bond can
also be controlled by the type of substituents at the
bond. Examples of proton addition to the different
sides of P C bonds, as well as hydride addition to
the different sides upon variation of the substituent,
are known [5,6]. This kind of tunability is of great
interest in catalytic chemistry, where retaining the
same metal with a variation of sterical or electronic
factors around the ligand could result in the appear-
ance of new technologies [7]. The phosphaalkenes
as a part of the chelating ligands have been in use for
ethylene polymerization [8], hydroamination [9],
and silylation [10]. The above-mentioned catalysts
were based on the rigid 3,4-bis(phosphamethylene)-
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1-cyclobutene ligands [11]. Two examples of
1,4-diphosha-1,3-butadienes with more flexible
backbones were described [12,13]. 2,3-Alkoxy-
substituted 1,4-diphospha-1,3-butadienes undergo
[2+2]-cycloaddition, leading to correspondingly
substituted 3,4-diphosphacyclobutenes [13], unless
sterically protected by a super-mesityl group to
retard the self-dimerization by a [2+2]-motive [12].
The 2,4,6-tri-tert-butylphenyl group (super-mesityl)
has been shown to be one of the best in supporting
low coordination in phosphorus chemistry. However,
it seems to be too sterically excessive in providing
polymers with high molecular weight when com-
pared with the α-diimines [7,8]. In this report, we de-
scribe a novel pattern of dimerization of moderately
carbo-substituted 1,4-diphospha-1,3-butadienes.

RESULTS AND DISCUSSION

R. Appel’s scheme [12] was used for generating
1,4-diphospha-1,3-butadienes. The 2,4-di-tert-butyl-
6-methylphenyl group, which allows stabilization
of diphosphenes [14], phosphaalkenes [15], dithio-
phosphorane [16], and arsaalkenes [17], as well
as the 1,4-diphospha-1,3-butadienes with a rigid
cyclobutene backbone [18], was employed as a pro-
tection group. 2,4-Di-tert-butyl-6-methylphenyllithi-
um (1a) was reacted with 1,2-bis(dichlorophos-
phino)ethane (2) in a molar ratio of 2:1, followed
by the addition of 1,5-diazabicyclo[4.3.0]non-5-ene
(DBN) to synthesize 1,4-diphospha-1,3-butadienes
4a,b (Scheme 1). The intermediate 1,2-bis(2,4-di -
tert -butyl-6-methylphenylchlorophosphino)ethane
(3a) has two chemical shifts in the 31P NMR at
δ = 95.09 and 94.71 ppm, because of the existence
of two isomers. The 1,4-diphospha-1,3-butadiene 4a
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SCHEME 1 Syntheses of 1,4-diphospha-1,3-butadienes
4a,b and the dimerization of 4a.

has been found to be unstable at room temperature
and it underwent [2+4] cycloaddition to form the
dimer 5a. Elemental analysis, NMR spectroscopy,
and X-ray analysis (Fig. 1) proved the structure of
5a. For example, there is a downfield signal in the
13C NMR spectrum at δ = 173.40 ppm (doublet,
1 JPC = 40.1 Hz, phosphaalkene sp2-carbon).

The Diels–Alder reactions of 4b with only norbor-
nadienes were published [19]. In our case, reducing
the sterical bulk near the phosphorus atom by re-
placing one ortho-tert-butyl group with a methyl

FIGURE 1 ORTEP drawing of the tetrahydro-
[1,2,4]triphosphinine 5a. [Disordered positions and most
hydrogen atoms were omitted for clarity. Thermal ellipsoids
are drawn to the 50% probability level.]

group enhanced the dienophile properties of the
1,4-diphospha-1,3-butadiene 4a as well as made the
phosphaalkene part of 4a more accessible. The com-
pound 4a does not contain any substituents with a
lone pair of electrons capable of altering the polar-
ity of P C bond. This could also contribute to the
[2+4] cyclization pattern of the dimerization of 1,4-
diphospha-1,3-butadiene.

Although 1,4-diphospha-1,3-butadiene 4b has
been prepared [12], its X-ray structure has not been
reported yet. The bond lengths of the 1,4-diphospha-
1,3-butadiene moiety of 4b contain the essential in-
formation about conjugation and the participation
of the phosphorus atoms in the process. The small
crystals of 4b, which were suitable for X-ray analy-
sis using synchrotron radiation, were grown from a
toluene solution. The structure is shown in Fig. 2.

For example, the bond length between C(1) and
C(1a) is 1.419(6) Å, which is shorter than 1.49(2) Å
as reported for the 1,4-diphospha-1,3-butadiene with
phenylthio-substituents in the 2,3-positions [20].
This could indicate a stronger conjugation in 2,3-
unsubstituted 1,4-diphospha-1,3-butadienes.

In conclusion, we successfully demonstrated a
novel pattern of dimerization for 1,4-diphospha-1,3-
butadienes without rigid backbones. The molecular
structures of the monomer 4b and the dimer 5a
were determined by X-ray analysis. Their catalytic
properties are now under investigation and will be
reported in due time.

CCDC contains the supplementary crystallo-
graphic data for this paper. These data can
be obtained free of charge via www.ccdc.cam.
ac.uk/conts/retrieving.html (or from the Cambridge
Crystallographic Data Centre, 12, Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033;
e-mail: deposit@ccdc.cam.ac.uk). The deposition
numbers are CCDC 192384 & 192385 for 4b and 5a,
respectively.

EXPERIMENTAL

1,4-Bis(2,4,6-tri-tert-butylphenyl)-1,4-
diphospha-1,3-butadiene (4b)

The compound 4b was prepared by the dehydrohalo-
genation procedure with DBN (1,5-diazabicyclo-
[4.3.0]non-5-ene) as described [12]. 1,2-Bis(2,4,6-
tri-tert-butylphenylchlorophosphano)ethane (4.8 g,
0.0074 mol) was used for the preparation of 4b. The
yield of 4b as a yellow solid was 1.49 g (35%), with
mp 261.4◦C. 1H, 13C, and 31P NMR data were practi-
cally identical with the reported values; for example,
31P (500 MHz, CDCl3) δ = 270.91 against 269.5 ppm
for the major isomer.



A Novel Pattern of Dimerization for 1,4-Diphospha-1,3-butadienes 233

FIGURE 2 ORTEP drawing of the 1,4-diphospha-1,3-butadiene 4b. [Thermal ellipsoids are drawn to the 50% probability level.]

1,2,4-Tris(2,4-di-tert-butyl-6-methyl-phenyl)-3-
(2,4-di-tert-butyl-6-methyl-phenylphosphany-
lidenemethyl)-1,2,3,4- tetrahydro-
[1,2,4]triphosphinine (5a)

The compound 5a was prepared by the same
dehydrohalogenation procedure with DBN (1,5-
diazabicyclo[4.3.0]non-5-ene) as described [12].
2-Bromo-1,5-di-tert-butyl-3-methyl-benzene (5.37 g,
0.019 mol) and 1,2-bis(dichlorophosphino)-
methane (2.0 g, 0.0086 mol) were used for the
preparation of 5a. The yield of 5a as slightly yellow
solid was 1.15 g (27%), with mp 124.8◦C. 1H NMR
(CD2Cl2) δ = 1.06 (s, broad, 36H, t-Bu), 1.62 (s,
broad, 36H, t-Bu), 2.20 (s, 3H, Me), 2.25 (s, 3H,
Me), 2.30 (s, 3H, Me), 2.45 (s, 3H, Me), 6.1–7.95
(m, 11H, aromatic and C H protons). 31P NMR
(CDCl3) δ = −34.74 (dd, 1 J (PP) = 197.5 Hz, 3 J (PP)
= 37.3 Hz; (P-1)), δ = −16.97 (d,d,d, 1 J (PP) =
197.5 Hz, 2 J (PP) = 41.4 Hz, 3 J (PP) = 34.6 Hz, (P-2)),
δ = −9.04 (d,d 2 J (PP) = 41.4 Hz, 3 J (PP) = 37.3 Hz,
(P-3)), δ = 256.16 (d, 3 J (PP) = 34.6 Hz, (P C)). Anal.
Calcd (%) for C64H96P4: C, 77.70; H, 9.78; P, 12.52.
Found: C, 77.51; H, 9.51; P, 12.38.
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