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Reactions of an Iminophosphoranylidene
Carbenoid**

Wolfgang Schilbach, Volker von der Gonna,
Dietrich Gudat, Martin Nieger, and Edgar Niecke*

Vinylidene carbenoids I are of major significance as synthetic
building blocks in organoelement chemistry "1 However, little is
known about this type of carbenoids with phosphorus as het-
eroatom (II-1V). Only for the phosphanylidene carbenoid sys-
tem I have several experimental investigations been made.!?!
Here we report on the synthesis and reactivity of an iminophos-
phoranylidene carbenoid of type 1V, in which the phosphorus
atom is in a trigonal-planar coordination environment.
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Bis(aryl)iminophosphane!® (1) reacts easily with trichloro-
methyllithium to give imino(dichloromethylene)phosphorane
(2); subsequent reaction with n-butyllithium in THF at —105°C
results in a deepening of the color of the solution. suggestive of
the formation of a carbenoid 3 as an intermediate (*'P NMR:
& = 83.2; J; = 25 Hz). This intermediate can be trapped as the
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thermally stable, C-silylated substitution product 4 by the sub-
sequent addition of chlorotrimethylsilane. In the absence of an
electrophile, 3 reacts with the solvent to give the imino(tetra-
hydrofuran-2-yl-methylene)phosphorane 5, which can formally
be regarded as an insertion product of an iminophosphorylidene
carbene with tetrahydrofuran. Reaction of intermediate 3 and
triphenylphosphane yields the “‘phosphane-adduct™ phos-
phonio(iminophosphoranylidenemethanide) (6a) as a stable
final product. The compound 6b obtainable by the correspond-
ing route with trimethylphosphane is, however, not stable in
solution but isomerizes'®! by 1,3-H-shift (7). followed by ring
closure to give the 1,2-dihydro-1.3-diphosphete 8. Nitrogen
derivatives isoelectronic to 6 and 8 are known, a N-silylated
bis(imino)phosphorane!®! and a 1,2-dihydro-1,2,32°,425-di-
azadiphosphete,!”! respectively.
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The compositions of compounds 2, 4, 5, 6a, and 8 are con-
firmed by elemental analyses and mass spectra. Their constitu-
tion in solution is verified by NMR spectra and, in case of
compounds 2 and 4 by X-ray structure analysis.!®! In the low-
field region of the NMR spectrum the imino(methylene)-
phosphoranes 2, 4, and 5 show the characteristic resonances for
the P=C structural unit ** (6 (*'P) =70.1 (2). 86.2 (4), 75.0 (5):
8 (13C) = 99.9 (J = 245.9 Hz) (2), 93.7 (Jop =119.8 Hz) (4),
93.9 (Jep =184.0 Hz) (5)). In the phosphoranes 6a, b the signal
(split by the phosphonio group) for the three-coordinate phos-
phorus atom is shifted drastically to higher field (6 = 20.4 (6a),
36.8 (6b)); the observed shift lies in the expected range for
bis(imino)phosphoranes.'?* ' The position of the signal of the
phosphonio group and the value of %/, correspond with the
values reported for carbodiphosphoranes!'!! (6 = —12.4,
2Je =111.8 Hz (6a); 6= —21.0, J, = 63.3 Hz(6b)). The
position of the signal for the two-coordinate carbon atom
(6 = 90.8 (6a)) at low field in comparison to carbodiphospho-
ranes,['?! and the relatively large coupling constants 'J.,
(219.7 Hz [P,]. 162.1 Hz [Py] (6a)) can be interpreted in
terms of participation of the limiting dipolar structure 6’
and are also indicative of the formal relationship with alkyli-
dinephosphoranes.”®®  especially the phosphonium salt
[(iPr,N),P=C=PH(iPr,N),| "[F,CSQ,].I'¥

The composition and constitution of 8 can be deduced from
the high-resolution mass spectrum (molecule peak) and from the
results of NMR measurements. The four-membered ring struc-
ture is verified by the observation of resonance signals for one
CH and one CH, unit, in which each of the carbon atoms (CH:
& =417, 'J, =89, 84 Hz; CH,: 6 =40.3, 'J, = 60, 51 Hz)
shows direct coupling to each of the two phosphorus atoms. In
contrast to the NMR data obtained for 6a. the chemical shifts
for the ylidic carbon atom and for the proton bonded to it, as
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well as the value of the %J,, coupling constant (25.8 Hz). are
quite typical. The unusual steric strain of the molecule hinders
rotation of both aryl ligands, this gives rise to temperature-de-
pendent coalescence phenomena in the 'H and '*C NMR spec-
tra for the signals of the neighboring and non-neighboring
substituents. Below temperatures of — 50 “C the rotation is com-
pletely “frozen™ on the NMR timescale.

Figure 1 shows the structure of compound 4 in the crystal. As
in all bis(ylene)phosphoranes that have been structurally inves-
tigated. the central phosphorus atom is in a trigonal-planar

Fig. 1. Structure of imino{methylene)phosphorane 4 i the crystal. Selected bond
lengths [pm] and angles [ 7] (in parentheses the data for 2): P1=C 167.0(3) [165.5(5)].
P1-C,,, 182.5(3)[181.1(6)], P1=N 152.0(2) [152.3(3)]. C,,,,-P1-C 108.1(1) [107.7(2)}.
C,-P1-N 1281013 [128.9(2)). C-P1-N 122.6(1) [121.8(3)].

coordination environment (2 358.8%). The atoms CI1 and Sil
are approximately coplanar with the N1-P1-C1 plane (the angle
between the planes P1-C1-Cl1-Sil and C20-P1-N1-C1 is 157),
whereas the C2 atom is positioned out-of-plane (dihedral angle
C20-P1-N1-C2 —587; C1-P1-N1-C2 137°). In contrast to those
in 1, the two aryl substituents in 4 are Z-configurated and or-
thogonal. The sterically more demanding methylene substituent
(SiMe,) occupies the favored exo position. The P1-NI
(150.0(2) pm) and P1—C1 distance (167.0(3) pm), and the
C1-P1-N1 (122.6(1)°) and C2-N1-P1 angles (145.8(2)") corre-
spond with typical structural features found for imino(methyl-
ene)phosphoranes.i®® All important parameters for compound
2 deviate only slightly from those of 4.

Experimental Procedure

2: To a solution of chloroform (1.67 g, 14 mmol) in THF (50 mL) and ether
(10 mL). an equimolar amount of nBul.i in n-hexane was added at — 105°C. After
the mixture had been stirred for 1 h, 1 (4.3 g, 8 mmol) in ether (20 mL) was added
dropwise. Alter warming the solution to 25°C the volatile constituents were re-
moved under vacuum and the remaining residue was taken up in hexane, and the
insoluble matenal (LiCl) was separated by filtration. Compound 2 crystallized from
the concentrated filirate at —30°C. Yield: 45%; m.p. 174176 "C: M5 (70eV) mje
(%): 617 (12) [M 7). 57 (100) [«Bu*].

4, 5: At —105 C. nBulLi (0,63 mL, 1.6M solution in #-hexane) was added to a
solution of 2 (620 mg. ! mmol)in THF (10 mL) and Et,O (1 mL). After the mixiure
had been stirred for 1 h, Me;SiCl (200 mg, 1.8 mmol) was added; the solution was
then allowed to warm Lo room temperature. The volatile constituents were removed
under vacuum. the residue was taken up in n-hexane, and the LiCl that had formed
was filtered off. From the concentrated filtrate 4 crystallized at —30°C as a pale
yellow sohid. Yield: 69%: m.p. 175-177°C. Compound 5 is obtained in a similar
fashion in the ubsence of Me,SiCl. Yield: 52%. M.p. 148-150"C.

4: NMR (without aryl) "H (CDCly): 6 = — 0.19 (s, SiMe;); '*C (CDCLy): 6 = 93.7
(d. Jep = 1198 Hz, P=C), ~ 0.8 {d. *Jop = 3.6 Hz, PCSIiC,); MS (70 V) mfe (%):
619 (2) [M "], 57 (100) [¢Bu"].
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5: NMR (without aryl) '"H (CDCly): 8 =526 (ddt. Sy =20, *J,, =7.0.
10.3Hz. PCCH). 392 (*q". *h= du=72Hz). 357 (dd. ), =
324, *J4y, =10.3 Hz. PCH), 2.21 (m, OCCH,) 1.95 (m. OCCH,); '*C (CDCL,):
§ =939 (d. Jp=1840Hz, P=C), 752 (d, Pp=18Hz. PCCO). 67.3,
34.2, 26.5 (s, C,O framework): MS (70 eV) mje (%): 619 (<1) [M *]. 100 (100)
[¢Bu .

6. 7: Reaction of 2 (620 mg. 1 mmol) with nBuLi (0.63mL. 1.6M in hexane)
at —105°C yielded quantitatively (*'P NMR control) the stable phos-
phorane 6a, which, following removal of LiCl. was obtained as a pule vellow
solid. In contrast, reactions with PMe, yielded the unstable intermediate 6b.
which isomerized to 8 during workup of the reaction solution. Ga: Yield:
83%. m.p. 154°C (decomp.): MS (70eV) mje (%): 809 (35) [M 7], 752 (100)
[M™—1Bu*]; 8: MS (70 eV) mje (%): 623 (0.4) [M 7). 566 (100) [M " — tBu’].
608 (3) [M * —CH,]
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