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Since the discovery of the first stable carbenes in the 1980s,1

significant advances have been realized in organometallic chemistry
and catalysis2 using N-heterocyclic carbene (NHC) ligands due to
their unique coordination properties (goodσ-donor, poorπ-accep-
tor). However, most of the diaminocarbenes reported in the literature
are composed of five-membered rings such as imidazole and
triazole. Only two other frameworks have been described: a six-
membered ring and an acyclic diaminocarbenes,3,4 both of which
afford increased steric hindrance around the carbene center and
electron-donating ability. Thus, slight changes to the NHC archi-
tecture have a dramatic effect on the electronic properties. We
propose to extend the diaminocarbene family with a more strained
system and report here the first synthesis and structural character-
ization of a four-membered NHC.

The iminium salt 2a was prepared in 66% yield from the
silylamidine15 as a white powder by addition of (diethylamino)-
dichlorophosphine and trimethylsilyl-trifluoromethanesulfonate at
room temperature (Scheme 1). The1H and13C NMR chemical shifts
of the NCHN fragment (δ 1H 9.1 ppm,δ 13C 165 ppm) were in the
same range as those observed for imidazolium salts.

By X-ray diffraction,6 two conformers were revealed in the same
single crystal in a 95/5 ratio. They differed by an inversion of the
tetrahedral geometry around the phosphorus atom but shared the
same position for N1, N2, and the aromatic substituents. Only the
major conformer will be described in detail (Figure 1). The structure
of 2a is similar to that of all 1,3-diaza-2-phosphetine cations
reported,7 exhibiting delocalization of theπ-electrons along the
N1-C1-N2 fragment [N1-C1 1.3306(11) Å, N2-C1 1.3279(11)
Å], a small intracyclic N1-P1-N2 angle [70.49(3)°], and longer
endocyclic P-N bonds [P1-N1 1.8237(8) Å, P1-N2 1.8136(8)
Å] than the exocyclic one [P1-N3 1.6219(8) Å].

Attempts to generate the free carbene under standard conditions
led to ring opening by P-N bond cleavage. Even with protection
of the phosphino group with bulkier substituents such as diisopro-
pylamino, the addition of potassiumtert-butoxide to2b generated
product3 as a result of nucleophilic attack on the phosphorus. Such
reactions demonstrate the electrophilic character of the phosphorus
atom in these compounds.

Deprotonation of2b can be achieved with more hindered and
less nucleophilic bases such as mesityllithium or potassium hexa-
methyldisilazide in toluene at room temperature. After workup, the
carbene dimer4 was isolated in 45% yield as a yellow powder.
The structure of4 was established by single-crystal X-ray diffraction
(Figure 2).6 The small intracyclic angles [N1A-C1A-N2A
95.30(10)° and N1B-C1B-N2B 95.12(10)°] led to a large C(1A,
1B)-N-Cmesityl angle [125-134°], decreasing the steric hindrance
around the nitrogen atoms and allowing facile dimerization. In five-
membered N-heterocyclic carbenes, the mesityl substituents were
sufficient to stabilize the carbene due to a smaller Ccarbene-N-
Cmesityl angle [122-123°].

To avoid this reaction, iminium2c was synthesized with ortho
isopropyl substituents. Deprotonation of2c with mesityllithium or
potassium hexamethyldisilazide at room temperature generated the
carbene5. The13C NMR signal for the carbene center appeared at
285 ppm as a doublet (2JCP ) 13 Hz). To our knowledge, this
chemical shift is the most downfield reported for a diaminocarbene.8

Single crystals6 were obtained from a saturated pentane solution at
-50 °C (Figure 3). Surprisingly, the structure shows that5 does
not possessC2 symmetry; the mesityl groups are nonsymmetric
[C1-N1-C2 126.21(13)°, C1-N2-C14 121.87(13)°]. As ex-
pected, the N1-C1-N2 angle [96.72(13)°] is significantly smaller
than the analogous angles observed in isolated diaminocarbenes
[100-121°]. The N-C1 bonds [C1-N1 1.373(2) Å, C1-N2

Figure 1. Thermal ellipsoid diagram of2a (50% probability). Selected
bond distances (Å) and angles (deg): C1-N1 1.3306(11), C1-N2
1.33279(11), P1-N1 1.8237(8), P1-N2 1.8136(8), P1-N3 1.6219(8),
N1-C1-N2 104.29(7), N1-P1-N2 70.49(3).
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1.387(2) Å] are short, suggesting interaction of the nitrogen with
the carbene center, but the geometry around the nitrogen atoms is
not strictly planar [sum of the bond angles) 355.1° and 348.2°],
presumably due to the ring strain.

This report demonstrates the preparation of the first stable four-
membered ring diaminocarbene. Studies of its coordination proper-
ties with transition metals are currently in progress.
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Figure 2. Thermal ellipsoid diagram of4 (50% probability), (H atoms are
omitted). Selected bond distances (Å) and angles (deg): C1A-C1B
1.3335(17), N1A-C1A-N2A 95.30(10), N1B-C1B-N2B 95.12(10),
C2A-N1A-C1A 134.14(10), C11A-N2A-C1A 127.79(10), C2B-N1B-
C1B 132.99(11), C11B-N2B-C1B 125.49(10).

Figure 3. Thermal ellipsoid diagram of5 (50% probability), (H atoms are
omitted). Selected bond distances (Å) and angles (deg): C1-N1 1.373(2),
C1-N2 1.387(2), N1-C1-N2 96.72(13), C1-N1-C2 126.21(13),
C1-N2-C14 121.87(13).
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