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Synthesis, Structure, and Reactivity of
a 10*,3¢2-Diphosphaallene**

Tsuyoshi Kato, Heinz Gornitzka, Antoine Baceiredo,
and Guy Bertrand*

Among the possible heterocumulenes featuring the PCP
sequence, 1o0*30*diphosphaallenes (carbodiphosphoranes)
A and 102,30>-diphosphaallenes B2l have been known for
many years. Here we report the synthesis of a 10%30%-
diphosphaallene C. Such a highly functionalized molecule

D S N
—P=C=PC P=C=R

A B Cc

N,
—/P—C—P\

(two different types of phosphorus—carbon “double” bond
and a lone pair at one of the phosphorus atoms) has only been
postulated as an intermediate, but never observed spectro-
scopically.P!

Our synthetic strategy was based on two consecutive
rearrangements: the well-established 1,2-migration reaction
of singlet carbenes,” which operates for phosphinocarbenes
[Eq. (1)],! and the 12-halogen shift associated with a-
halogenophosphanes [Eq. (3)].F) Combining these two 1,2-
migration reactions, a possible precursor for the preparation
of the desired 10*,30%-diphosphaallene can be identified as the
(phosphino)(chlorophosphino)diazomethane of type D

[Eq. (2)].

../ e/ N
—C— —_— —(C— —_— = 1
N
N ./ AT N\ . P
—C—| -C- -C= (= P=C=R, 2
/PICIZP\X<———/PCP\X<= P=C=R_ > @
Nz
D \.. / N __ /
- —P=C 3
/P Q\ X/ AN ®

Exactly this type of derivative, namely [bis(diisopropyl-
amino)phosphino][chloro(diisopropylamino)phosphino]diazo-
methane (1), is readily available in one step by addition of the
lithium salt of [bis(diisopropylamino)phosphino]diazome-
thanel!” to dichloro(diisopropylamino)phosphane (Scheme 1).

R
R§P=C=P\R 2
R... y R. .R Cl
B-G-Li + AP —» pocof Mot !
R, RO, © AL L
R =PrN ! RoP-C=hyg 2
Scheme 1.
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The photolysis (300 nm) or thermolysis (70 °C) of a solution of
the diazo derivative 1 in toluene leads to the formation of the
cumulene 2, as only one isomer, in near quantitative yield
(according to 3'P NMR spectroscopy).

The 3P{'H} NMR spectrum of 2 showed two doublets at
0 =302.8 and 61.2 (3J(P,P) =240.1 Hz) in the regions expected
for a 0% and a o*-phosphorus atom, respectively.[’] The signal
for the dicoordinate carbon atom appears as a doublet of
doublets at 6 =169.9 ('J(P,C) =36.5, 9.7 Hz), with a chemical
shift approximately halfway between the values observed for
carbodiphosphoranes A and diphosphaallenes B.’! The mo-
lecular structure of 2 was unambiguously established by an
X-ray diffraction study (Figure 1).['Y The C1-P1 bond length

Figure 1. Molecular structure of 2. Selected bond lengths [A] and an-
gles [°]: C1-P1 1.6429(13), C1-P2 1.6503(13), P1-N1 1.6707(11), P2-N2
1.6393(11), P2-N3 1.6627(11), P2-CI1 2.1267(4); C1-P1-N1 108.05(6), P1-
C1-P2 120.88(9), C1-P2-Cl1 115.99(5), C1-P2-N2 113.91(6), C1-P2-N3
116.48(7).

(1.64 A) is markedly shorter than an isolated C=P bond,!"! but
comparable with the value observed for a diphosphaallene of
type B.2l The planarity of the N1-P1-C1-P2-Cll1 fragment
(maximum deviation 0.0169 A) and the value of the P1-C1-P2
angle of 120.88° are in agreement with an sp>hybridized
carbon atom. As expected, the molecule has an E config-
uration. The presence of a lone pair of electrons at C1 (form
2a; Scheme 1) interacting with P2 is confirmed by the short
P2—C1 bond length (1.65 A) and the P2—CI1 bond in an
eclipsed position to the C1-P1-N1 fragment. This so-called
negative hyperconjugation’? transfers the electron density
from the occupied sp?> orbital on the Cl atom to the
energetically low-lying o* orbital of the P2—CI1 bond.[
Therefore, derivative 2 can be considered as an heterocumu-
lene (Scheme 1).

Derivative 2 is a versatile and selective reagent as
illustrated by the reactions given in Scheme 2. Owing to the
presence of an ylidic carbon atom, 2 reacts with an alkylating
agent such as methyl trifluoromethanesulfonate to give the
expected C-phosphoniophosphaalkene 3 as only one isomer
(59 % yield).'Y] The lone pair of electrons at the phosphorus
center can be used for a formal [1+4] cycloaddition with
tetrachloro-o-benzoquinone to afford the carbodiphosphor-
ane 4, which was isolated in 62% yield. Note that the
alternative [244] cycloadduct involving the P=C bond was not
observed.[™! However, the phosphorus—carbon & bond re-
mains an excellent dipolarophile as shown by the reaction
with a nitrone. Heterocycle 5§, resulting from a diastereose-
lective [243] cycloaddition, followed by a subsequent oxida-

3320 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000
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Scheme 2.

tion by the excess of nitrone, was isolated in 85% yield and
fully characterized both spectroscopically and by a single-
crystal X-ray diffraction study.”®! A [3+2] cycloaddition
reaction also occurs with trimethylsilyl azide, but the resulting
adduct fragments cleanly into the iminophosphane 6 and the
diazomethylenephosphorane 7.'°! This is an attractive syn-
thetic route for this very unique stable diazocumulene.!'”)
The formation of the 10*30?-diphosphaallene 2 from 1,
along with the recently described synthesis of the o*-phos-
phaallene E [Eq. (4)],['®l strongly suggest that the sequence of
two successive 1,2-halogen migrations should become a
general route for the preparation of a variety of hitherto
unknown heterocumulenes featuring a o*-phosphorus center.

F 20c |R. F R
P-C-C-F —— | P-C=C__| —— R-p=c=C’ (4)
F R L F r \

Experimental Section

All operations were carried out under argon using Schlenk tube techniques.

1: A solution of dichloro(diisopropylamino)phosphane (3.10 g, 15.3 mmol)
in THF (20mL) was added to a solution of the lithium salt of
[bis(diisopropylamino)phosphino]diazomethane!”!  (15.3 mmol) in THF
(20 mL) at —78°C. The reaction mixture was allowed to warm to 0°C
over a period of 1 h. After evaporation of the solvent under vacuum at 0°C,
the residue was quickly extracted with pentane (20 mL) and filtered. After
the volume of solvent had been reduced to 5 mL, orange crystals of 1
(4.02 g,60 % ) were obtained at —20°C; m.p. 30 °C (decomp). *'P{'H} NMR
(C4Dg): 6=110.6, 59.0 (d, 2J(P,P) =239.6 Hz); IR (pentane): 7 =2039 cm™!
(CNy).

2: A solution of the diazo derivative 1 (0.044 g,0.1 mmol) in toluene (1 mL)
was heated at 70°C for 4h. P NMR spectroscopy indicated the
quantitative formation of 2. After evaporation of the solvent, 2 was
obtained as pale yellow crystals from a saturated pentane solution at 0°C
(0.037 g,90%); m.p. 73-74°C.

The experiments used to prepare 3—5 were performed with a solution of
freshly prepared cumulene 2 (0.041 g, 0.1 mmol) in pentane or toluene
(1 mL).

3: Methyl trifluoromethanesulfonate was added to a solution of 2 at —78°C
and the alkylated compound 3 precipitated as a white powder from the
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solution mixture (0.034 g, 59 % ); m.p. 136-137°C. 3'P{'H} NMR (CDCL,):
0=309.7, 79.9 (d, 2J(P,P)=192.5Hz); 'H NMR (CDCl;): 6=2.23 (dd,
3J(PH)=6.8, 23.0 Hz, 3H; C-CH,); C{'H} NMR (CDCL): 6 =18.8 (dd,
2J(P.C) =3.4, 3.7 Hz, C-CH,), 109.7 (dd, J(P.C) = 1313, 64.5 Hz, PCP).

4: Tetrachloro-o-benzoquinone was added to a solution of 2 at —78°C and
the resulting carbodiphosphorane 4 was crystallized from a toluene/
pentane solution at —20°C as white crystals (0.031 g, 48%); m.p. 143 -
144°C. 3P{'H} NMR (C4Dy): 6 =25.5, 21.5 (d, 2J(P,P) =126.4 Hz); *C{'H}
NMR (C¢Dy): 6 =38.3 (dd, 'J(P,C) =149.4, 1872 Hz, P=C=P).

5: The nitrone Ph(H)C=N(O)sBu was added to a solution of 2 at room
temperature and the solution was heated at 55°C for 15 days. The
cycloadduct § precipitated from an Et,O/CH;CN solution at —20°C as
colorless crystals (0.051 g, 85 % ); m.p. 160—161°C. 3'P{'H} NMR (CDCl,):
0=71.0, 46.8 (d, 2J(P,P) =67.8 Hz); *C{'H} NMR (CDCl;): 6 =40.0 (dd,
1J(P,C) =131.4, 175 Hz, P-C-P), 72.2 (dd, 2J(P,C) =14.7, 6.4 Hz, Ph-C-H).

Received: May 15, 2000 [Z15127]

[1] Reviews: a) Phosphorus Ylides (Ed.: O.I. Kolodiazhnyi), Wiley-
VCH, Weinheim, 1999, pp. 186-198; b) A. W. Johnson, W. C. Kaska,
K. A. O. Starzewski, D. A. Dixon, Ylides and Imines of Phosphorus
(Ed.: A. W. Johnson), Wiley-Interscience, New York, 1993, pp. 64—
68; c)H.J. Bestmann, R. Zimmermann, Methoden Org. Chem.
(Houben-Weyl), 4th ed. 1952—, Vol. E1, 1982, pp. 752-758.

[2] See for example: a) J. Escudié, H. Ranaivonjatovo, L. Rigon, Chem.
Rev. 2000, in press; b) M. Yoshifuji, K. Toyota, N. Inamoto, J. Chem.
Soc. Chem. Commun. 1984, 689; c) H. H. Karsch, H. U. Reisacher, G.
Miiller, Angew. Chem. 1984, 96, 621-623; Angew. Chem. Int. Ed.
Engl. 1984, 23, 618-620; d) M. Gouygou, M. Koenig, J. Escudié, C.
Couret, Heteroat. Chem. 1991, 2, 221 -227.

[3] H.P. Schrodel, G. Jochem, A. Schmidpeter, H. Noth, Angew. Chem.
1995, 107, 2006-2010; Angew. Chem. Int. Ed. Engl. 1995, 34, 1853 —
1856.

[4] D. Bourissou, G. Bertrand, Chem. Rev. 2000, 100, 39-91; F. Ford, T.
Yuzawa, M. S. Platz, S. Matzinger, M. Fiilscher, J. Am. Chem. Soc.
1998, 120, 4430-4438; H. M. Sulzbach, M. S. Platz, H. F. Schaefer 111,
C. M. Hadad, J. Am. Chem. Soc. 1997, 119, 5682 —-5689; A. E. Keating,
M. A. Garcia-Garibay, K. N. Houk, J. Am. Chem. Soc. 1997, 119,
10805-10809; W. Sander, G. Bucher, S. Wierlacher, Chem. Rev. 1993,
93,1583 -1621.

[5] A.Baceiredo, A. Igau, G. Bertrand, M. J. Menu, Y. Dartiguenave, J. J.
Bonnet, J. Am. Chem. Soc. 1986, 108, 7868 —7869.

[6] O.I1. Kolodiazhnyi, Russ. Chem. Rev. 1997, 66, 225 -254; R. Appel, M.
Huppertz, A. Westerhaus, Chem. Ber. 1983, 116, 114—-118.

[7] M. Granier, A. Baceiredo, Y. Dartiguenave, M. Dartiguenave, M. J.
Menu, G. Bertrand, J. Am. Chem. Soc. 1990, 112, 6277 —6285.

[8] CRC Handbook of Phosphorus-31 Nuclear Magnetic Resonance Data
(Ed.: . C. Tebby), CRC, Boca Raton, FL, 1991.

[9] a) The BC NMR chemical shift of carbodiphosphoranes A and
diphosphaallenes B appear in the range of 4 =0-20""! and 6 =270—
280,12 respectively.

[10] Crystal data for 2: C,yH,,CIN;P,, M,=409.95, monoclinic, P2,/c, a=
14.3283(5), b=11.2962(4), c¢=152720(5) A, B=97911(1)°, V=
24483(2) A3, Z=4, paq=1112Mgm=3, F(000) =896, A=
0.71073 A, T=193(2) K, u(Moy,)=0.294 mm-!, crystal size 0.5 x
0.4 x 0.2 mm, 2.25° < @ < 34.20°, 39757 reflections (9229 independent,
R;,,=0.0576) were collected at low temperature using an oil-coated
shock-cooled crystal on a Bruker-AXS CCD 1000 diffractometer. The
structure was solved by direct methods (SHELXS-97)) and 238
parameters were refined using the least-squares method on F2.
Largest resiudal electron density: 0.549 e A-3, R, (for F>20(F))=
0.0469 and wR,=0.1392 (all data) with R,=X||F,|—|F.||/Z|F,| and
WR,=(Zw (F2— F2)*/Zw(F2?)?)"3; b) Crystallographic data (excluding
structure factors) for the structures reported in this paper have been
deposited with the Cambridge Crystallographic Data Centre as
supplementary publication nos. CCDC-144078 (2) and CCDC-
144079 (5). Copies of the data can be obtained free of charge on
application to CCDC, 12 Union Road, Cambridge CB21EZ, UK (fax:
(+44)1223-336-033; e-mail: deposit@ccdc.cam.ac.uk).

[11] R. Appel, Multiple Bonds and Low Coordination in Phosphorus
Chemistry (Eds.: M. Regitz, O.J. Scherer), Thieme, Stuttgart, 1990,

Angew. Chem. Int. Ed. 2000, 39, No. 18

© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000

pp. 157-219; L.N. Markovski, V.P. Romanenko, A.V. Ruban,
Chemistry of Acyclic Compounds of Two-Coordinated Phosphorus,
Naukova Dumka, Kiev, 1988.

[12] P.von R. Schleyer, A. J. Kos, Tetrahedron 1983, 39, 1141 -1150.

[13] H. Griitzmacher, H. Pritzkow, Angew. Chem. 1992, 104, 92-94;
Angew. Chem. Int. Ed. Engl. 1992, 31, 99-101.

[14] Phosphaalkenes with similar substituents have an E configuration
because of the relative steric hindrance of the substituents: T. Kato, O.
Polishchuk, H. Gornitzka, A. Baceiredo, G. Bertrand, J. Organomet.
Chem. 2000, in press.

[15] T. A. Van der Knaap, F. Bickelhaupt, Tetrahedron 1983, 39, 3189—
3196.

[16] J. M. Sotiropoulos, A. Baceiredo, G. Bertrand, J. Am. Chem. Soc. 1987,
109, 4711 -4712.

[17] Diazocumulene are usually highly unstable: D. Bourissou, G. Ber-
trand, C. R. Seances Acad. Sci. Paris 1996, 322, 489 -506; J. C. Brahms,
W. P. Dailey, J. Am. Chem. Soc. 1990, 112, 4046 —4047.

[18] C. Buron, H. Gornitzka, V. Romanenko, G. Bertrand, Science 2000,
288, 834 -836.

[19] G. M. Sheldrick, Acta Crystallogr. Sect. A 1990, 46, 467 —473.

[20] SHELXL-97, Program for Crystal Structure Refinement, G.M.
Sheldrick, University of Gottingen 1997.

4,5-Bis(diphenylphosphinoyl)-1,2,3-triazole:
A Powerful New Ligand That Uses Two
Different Modes of Chelation

Arnold L. Rheingold, Louise M. Liable-Sands, and
Swiatoslaw Trofimenko*

We report a novel and powerful ligand that is thermally,
oxidatively, and hydrolytically very stable. It avidly forms
complexes with cations through the adoption of two entirely
different chelation modes, allowing the facile extraction of
metal ions from aqueous systems. This novel ligand is the
anion [L']- of 4,5-bis(diphenylphosphinoyl)-1,2,3-triazole
LTH, which combines the features of the coordinating ability

(o] o E E
g W s
/ AN
Ph/ Ph R R
@) O
\T/ \N/
A h
LTH X

of the P(O)Ph, groups with the nitrogen donor atoms of the
triazole ring. Moreover, it is the prototype of a much broader
family of ligands with the general structure LX, in which E can
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