Polarized P—P Bonds
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Single bonds are described in the valence-bond (VB) model in
terms of resonance between covalent and ionic canonical
structures (Scheme 1).!'. Whereas the covalent canonical
structure is dominant for homoatomic bonds (A—B), the
weight of the appropriately polarized ionic canonical struc-
ture prevails for heteroatomic bonds with a large electro-
negativity difference (YA <yB). As a result, this leads to a
lower covalent bond order and a substantial bond polarity
(A%*—B%).
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Scheme 1. R'=Mes, tBu.

We reported in 2000 on the hydride reactivity of 2-
hydridodiazaphospholenes 1, and interpreted this behavior as
a consequence of a polarization P**—H’" of the P-H bond
that can be explained in terms of a hyperconjugation between
the six m electrons in the C,N, moiety and the o*(P—H)
orbital.”) In the frame of the VB model, this indicates that
ionic canonical structures contribute, regardless of the low
electronegativity difference (y**(H) 2.2, ¥**(P) 2.06), signifi-
cantly to the bonding. The cause of this effect lies in the high
cation stability of the diazaphospholenium fragment which
yields an energetic stabilization of canonical structures such
as 1” and 1", and provides, for example, the driving force for
the increased tendency towards dissociation of P-halogeno-
1,3,2-diazaphospholenes.”! Following this principle, a combi-
nation of a diazaphospholenium with a stable anionic
phosphanide fragment should likewise render the polariza-
tion of the homoatomic P—P bond of a diphosphane feasible.
Herein we describe the synthesis and characterization of such
derivatives, and the unusual reactivity of the P—P bond
resulting from the polarization will be demonstrated.

[*] Dipl. Chem. S. Burck, Prof. Dr. D. Gudat
Anorganisch-Chemisches Institut
Universitat Stuttgart
Pfaffenwaldring 55, 70550 Stuttgart (Germany)
Fax: (4-49) 711-685-4241
E-mail: gudat@iac.uni-stuttgart.de
Dr. M. Nieger
Anorganisch-Chemisches Institut
Universitat Bonn
Gerhard-Domagk Strasse 1, 53121 Bonn (Germany)

Angew. Chem. Int. Ed. 2004, 43, 4801—4804

DOI: 10.1002/anie.200460003

Angewandte

First attempts at the synthesis of P-phosphanyldiazaphos-
pholenes were made starting from lithium diphenylphospha-
nide (2) or lithium tetraethyl phospholide (3),! whose high
anion stability offer particularly suitable conditions for a
dipolar polarization of the P—P bond. The reaction of 2 or 3
with an equivalent of the P-chlorodiazaphospholene 4 in THF
yielded cleanly the target compounds Sa,b, which were
isolated after workup as yellow, crystalline solids that are
sensitive to hydrolysis and were characterized by means of
spectroscopic and analytical studies (Scheme 2).
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Scheme 2. R'=Mes.

Whereas the spectroscopic data are not very unusual,! X-
ray crystal structural studies!® furnished clear evidence for a
weakening of the P—P bond that is expected as the result of an
increased weight of ionic canonical structures such as 5. The
P1—P2 bond length in 5a (2.334(1) A, Figure 1) is substan-
tially longer than typical P—P distances in diphosphanes

Figure 1. Molecular structure of 5a in the crystal (H atoms omitted for
clarity; 50% probability thermal ellipsoids). Selected distances [A] and
angles [°]: P1-P2 2.334(1), P1-N2 1.710(2), P1-N5 1.734(2), N5-
C41.402(2), C3-N21.419(2), C3-C4 1.325(3); N2-P1-N5 90.3(1), N5-
P1-P2 99.5(1), P2-P1-N2 104.0(1), P1-P2-C30 93.6(1), C24-P2-
P199.6(1), C24-P2-C30 102.5(1).

(2217 +0.08 A®) and exceeds even the distances in the
sterically overcrowded [{(Me;Si),CH},P], (2.310 A),””) which
dissociates easily under homolytic cleavage of the P—P bond
to give two radicals, and in the 1,1-diaminodiphosphane
(iPr,N),P—PPh, (2.250 A),l” for which, owing to the signifi-
cantly lower cation stability of (iPr,N),P* as compared to a
diazaphospholenium cation,”) a less pronounced dipolar
polarization of the P—P bond is expected.

Compound 5b (Figure 2a) is notable not only for the
further elongation of the P—P bond to 2.484(1) A, but also for
the contraction of the P1-P2-C24(C27) bond angles to 81-82°.
As a consequence of this effect, the P1 atom lies above the
planar phosphole ring (Figure 2b), and the sum of all bond
angles at the phosphanyl P atom decreases from 295.6° (5a) to
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Figure 2. Complete (a) and reduced view (b, all atoms that are not
directly adjacent to one of the five-membered rings were omitted) of
the molecular structure of 5b in the crystal (H atoms omitted for
clarity; 50% probability thermal ellipsoids). Selected distances [A] and
angles [°]: P1-P2 2.484(1), P1-N5 1.716(2), P1-N2 1.722 (2), N2-

€3 1.404(2), C3-C4 1.327(3), C4-N5 1.397(3), P2-C27 1.788(2), P2-
€24 1.789(2), C24-C25 1.371(3), C25-C26 1.446(3), C26-C27 1.371(3);
N5-P1-N2 87.1(1), N5-P1-P2 110.9(1), N2-P1-P2 109.7(1), C27-P2-
€24 90.5(1), C27-P2-P1 81.9(1), C24-P2-P1 81.1(1).

253.5° (5b). The P—C and C—C bonds in the phosphole ring
are comparable to the known values (P—C 1.79+0.07 A, C=
C1.36+0.07 A, C—C 1.46+0.06 A"y in phospholes and in
n'-phospholyl complexes. The distances within the diazaphos-
pholene rings of Sa,b are similar to the values found for the P-
H derivative 1b (Scheme 1, R’ = Mes)."

Both the lengthening of the P—P bonds and the unusual
bond angle deformations in 5b are in principle confirmed by
DFT calculations!™” on the model compound 5e¢ (Scheme 1;
5¢:R'=H; X=H,C,P; P-P 2.522 A; C-P-P 83.7°; numerical
differences between computed and experimental bond
lengths of similar magnitude were also observed for 4°1).
The assumption of significant ionic bonding contributions and
a low covalent bond order for Sc is further emphasized by
natural bond order (NBO)/natural resonance theory (NRT)
analyses,” which attest contributions by ionic canonical
structures such as 5" or 5", respectively' of 28%, a
significant charge transfer of —0.33 electrons from the
diazaphospholene to the phosphole ring, and a very low
value of 0.56 for the Wiberg bond index of the P—P bond. A
detailed inspection of the non-localizable fraction of the
electron density in the phospholyl fragment of 5¢ suggests
further that the bonding situation can be described, in good
accordance with the unusual molecular geometry, in terms of
a hybrid between a diphosphane with a localized P—P bond
and a m(5°)-phospholyl complex of a diazaphospholenium
ion.[””

That the ionic polarization implied by the elongation of
the P—P bond in connection with the theoretical findings leads
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to a significant chemical activation, as in the case of the
hydridodiazaphospholenes 1,! is confirmed by a series of
reactions that proceed by metathesis or by insertion into the
P—P bond (Scheme 3).
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Scheme 3. R'=Mes; Y=CN (10a), CO,Me (10b).

In contrast to white phosphorus, which is, regardless of its
high reactivity, chemically inert against pure water, Sa reacts
with H,O within a few minutes at 20°C quantitatively under
cleavage of the P—P bond to give diphenylphosphane and the
2-oxodiazaphospholene 6. A slower reaction to yield
HPPh, and the alkoxydiazaphospholene 70¢ is observed
with iPrOH.I"! The cleavage of 5a by CH,Cl, at 40-60°C to
give 4 and (chloromethyl)diphenylphosphane (8)!'"! follows
the known pattern of reactions of diphosphanes with per-
fluoroalkyl iodides or CCl,,™® but is noteworthy because of
the mild reaction conditions. Noteworthy is the reaction of Sa
with Me;SnCl to give an equilibrium mixture that is dynamic
on the NMR time scale and contains, beside the starting
materials (ca. 10%), the chlorodiazaphospholene 4 and
diphenyl(trimethylstannyl)phosphane (9a)!'"! as main prod-
ucts.™” The reaction pathway represents in essence a reversal
of the dechlorostannylation that has been established as a
smooth synthetic route to oligophosphanes,”™! and may be
regarded to provide an experimental clue for a comparatively
low P—P bond energy in 5a. Analogous reactions to those for
5a were also observed for 5b.

In addition to the metathesis reactions with polar E—H or
E—CI single bonds, the diphosphanes 5 exhibit likewise an
interesting reactivity towards olefins, which provides a
surprisingly simple route to 1-phosphanyl-2-diazaphosphole-
nylethane derivatives with electronically different donor
centers. As first examples we studied the reactions of 5a
with acrylonitrile or methyl acrylate, respectively, which
proceed under mild conditions (50°C) by chemo- and
regioselective addition to the C=C double bond to give the
products 10a and 10b, respectively. Both compounds were
isolated in yields of 31% (5a) and 63% (5b) and were
identified by spectroscopy.'”! Unsymmetrical and potentially
chiral phosphanes of this type, which are of current interest in
catalysis,”!! have as yet not been prepared from diphos-
phanes.”?! The reaction described here displays close anal-
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ogies to the recently reported “non-oxidative” insertion of a
metal atom into the P—C bond of a phosphenium-carbene
adduct.

Remarkably, unlike tetraaminodiphosphanes that may
easily decay into two phosphanyl radicals,”*/ 5a,b fail to react
with P, under addition to a P—P bond even in boiling toluene;
possibly, this may indicate a certain complementary nature of
reactions involving radical (R,P--PR,) or ionic (R,P* PR,)
activation of a P—P bond.

In summary, we have described the synthesis and charac-
terization of diphosphanes with a polarized P—P bond. The
molecules display not only an interesting bonding situation,
but also allow a variety of synthetically valuable transforma-
tions which are, together with coordination chemical studies,
currently under investigation.

Experimental Section
5a,b: A solution of LiPPh, (10 mmol) in THF (20 mL) or LiPC,Et,
(10 mmol)® in THF (50 mL) was added dropwise to a cooled
(=78°C) solution of 4 (10 mmol) in THF (100 mL). The mixture was
then allowed to warm to ambient temperature, and stirred for one
additional hour. The solvent was removed in vacuum, the residue
extracted with hexane (100 mL), and filtered over Celite. The filtrate
was concentrated to 30 mL, and the product crystallized at —20°C.
5a: M.p. 193°C, yield 77 %. '"H NMR (C¢Dy): 6 =7.22 (m, 4H, o-
Hgy), 6.80-6.77 (m, 6 H, m/p-Hgy,), 6.61 (br, 4H, m-H,), 5.78 (d, 2H,
3Jpn=1.5 Hz, N-CH), 2.40 (br, 12H, 0-CH,), 2.07 ppm (s, 6H, p-
CH,); “C{'H} NMR (CiDy): 0=136.7 (dd, Jpc=25.7Hz, Jpc=
12.7 Hz, i-Cypy), 135.8 (dd, *Jpc=10.4 Hz, *Jpc = 1.3 Hz, i-Cy,), 133.3
(br, 0-Cyer), 1333 (d, “Tpe =2.0 Hz, p-Cyey), 132.7 (dd, Jpe = 15.5 Hz,
*Jpc =4.8 Hz, m-Cy), 1282 (br, m-Cy,), 126.4 (d, */pc=6.1 Hz, o-
Cpy), 1256 (s, p-Cpy), 118.4 (dd, Jpc=7.6 Hz, *Jpc=1.0 Hz, N-CH),
19.0 (d, “Jpc=1.0 Hz, p-CH;), 18.4 ppm (br s, 0-CH;); *'P{'H} NMR
(C¢Dg, 303K): 6=131.0 (d, %pp=259 Hz, PN,), —28.8 ppm (d,
2Jpp_259 Hz, PPh,); MS (EI, 70 eV, 410 K): m/z (%): 508(0.1) [M]™,
323(100) [PN,C,0H,,]t, 185(17) [PPh,]*; correct elemental analysis.
5b: m.p. 97°C, yield 65%. '"H NMR (C¢Dy): 6 =6.77 (s, 4H, m-
CH), 5.85 (d, 2H, *Jp;; = 0.5 Hz, N-CH), 2.45 (s, 12 H, 0-CHj3), 2.34 (q,
4H, %)y =7.5Hz, CH,), 2.12 (s, 6 H, p-CH;), 1.73 (br dq, 4H, =
7.5 Hz, Jpyy = 9.3 Hz, CH,), 1.07 (t, 6 H, *J;;; = 7.5 Hz, CH,), 1.06 ppm
(t, 6H, *Jyy=7.5Hz, CH;); “C{'"H} NMR (C,Dy): 6=152.2 (dd,
2Jpc=8.9 Hz, *Jpe=2.6 Hz, PCC), 143.4 (dd, Jpe=22.4 Hz, Jpc =
14.6 Hz, PC), 136.9 (dd, Jpc=7.4 Hz, *Jpc=1.7 Hz, i-C), 136.1 (d,
SJpc=2.0 Hz, p-C), 135.5 (dd, *Jpc =3.3 Hz, /5= 1.6 Hz, 0-C), 129.5
(d, Jpe=1.1 Hz, m-C), 120.9 (dd, *Jpc = 8.8 Hz, *Jpc = 1.2 Hz, N-CH),
21.0 (dd, Jpc=22.5,0.9 Hz, CH,), 20.9 (d, Jpc=1.6 Hz, CH,), 20.5 (d,
8Jpc=0.8 Hz, p-CH3), 19.7 (dd, “Jpc=6.2 Hz, *Jpc =3.2 Hz, 0-CHs),
183 (dd, Jpc=5.7Hz, *I,c=24Hz, CH,), 166ppm (d, Tpc=
1.1 Hz, CHy); *P{'"H} NMR (C¢D;, 303K): 6=147.1 (d, Jpp=
188 Hz, PN,), 23.1 ppm (d, Ypp=188 HzZ, Poepmaic): MS (EL 70 €V,
380K): miz (%): 518(0.1) [M]*, 323(100) [PN,CyH,,J*, 196(14)
[PC,Hy]*; correct elemental analysis.
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