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Abstract
Like many of the molecular species that have been detected in the interstellar medium, the singlet
carbene cyclopropenylidene (C3H2) has been presumed to be too unstable to isolate in the laboratory.
However, by appending π-electron–donating amino groups to the triangular skeleton, we prepared a
cyclopropenylidene derivative that is stable at room temperature. In contrast to previously isolated
carbenes, this compound does not require a heteroatom adjacent to the electron-deficient carbon to
confer stability. Despite the presence of amino groups, the geometric parameters of the cyclic
skeleton, revealed by x-ray crystallography, are only slightly perturbed relative to those of the
calculated structure of unsubstituted cyclopropenylidene. Stable cyclopropenylidene derivatives
might thus serve as models for a better understanding of the formation of carbon-bearing molecules
in the interstellar medium.

Carbenes are compounds with a neutral dicoordinate carbon atom, which features either two
singly occupied nonbonding orbitals (a triplet state) or a lone pair and an accessible vacant
orbital (a singlet state). With only six electrons in its valence shell, the carbene center defies
the octet rule, and for a long time carbenes have been considered as prototypical reactive
intermediates (1,2). During the past two decades, carbene chemistry has undergone a profound
revolution. Persistent triplet carbenes have been observed (3), and singlet carbenes have been
isolated (4–6) and even become powerful tools for synthetic chemists (7,8). However, it is
generally believed that singlet carbenes can be isolated only if their electron deficiency is
reduced by the presence of at least one π-donor heteroatom directly bonded to the carbene
center (9).

Cyclopropenylidene (C3H2) 1a is a cyclic singlet carbene (Fig. 1). Since its first radio
astronomical detection in 1985 (10), it has been inferred to be the most abundant cyclic
hydrocarbon observed in interstellar space (11). It is detectable in molecular clouds,
circumstellar shells, and at least one external galaxy. Cyclopropenylidene 1a and its linear
isomers 2a and 3a have also been observed in several hydrocarbon-rich flames and may be
involved in the chemistry of soot formation (12). Although carbenes are very reactive, they are
not necessarily prone to self-rearrangement, which accounts for their stability in the near-
vacuum of deep space and in the low-density medium of flame. However, cyclopropenylidene
1a appears to be highly unstable in condensed phases. Reisenauer et al. were able to detect the
molecule by infrared spectroscopy in a solid argon matrix, but it survives for only a few hours
at 35 to 40 K and then polymerizes (13). The quest for cyclopropenylidenes in the laboratory
has not been restricted to the parent compound 1a. Because amino groups are known to stabilize
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the corresponding cyclopropenium salts (4) (14), bis(dialkylamino)cyclopropenylidenes such
as 1c have been among the most frequently targeted derivatives (15–17). The transient
existence of 1c has been postulated based on chemical trapping experiments, but it has been
described as a highly unstable molecule, defying isolation or even observation in the free state
(15–21).

Calculations predict that the rearrangement of 1a into other C3H2 isomers, propadienylidene
2a and propynylidene 3a, is quite unlikely, because the latter are higher in energy by 42 to 58
and 54 to 92 kJ/mol, respectively (12,22,23). Moreover, cyclopropenylidenes (1) feature a large
singlet-triplet energy gap: 191 kJ/mol for 1a and 249 kJ/mol for the simplest amino-substituted
derivative 1b (24), which should prevent the dimerization (25–27) and subsequent
polymerization. Although the gap value calculated for 1b is smaller than for Arduengo’s
carbenes A (28) and B (29) (Fig. 2) [351 and 288 kJ/mol (30), respectively], it is comparable
to that of the very stable Alder’s carbene C (31) [242 kJ/mol (30)] and much larger than that
of the first isolated carbene D (32) [113 kJ/mol (33)].

These calculations suggest that cyclopropenylidenes might be isolable in the laboratory and
have prompted us to challenge the discouraging experimental results described so far. Here we
report the preparation and single-crystal x-ray diffraction study of bis(diisopropylamino)
cyclopropenylidene 1c. This compound is stable at room temperature even without stabilization
of the carbene center by adjacent π-donor hetero-atoms, a necessary criterion for previously
isolated carbenes.

Besides the photolysis and thermolysis of diazo derivatives, deprotonation of the conjugate
acid of carbenes is by far the most popular method to generate singlet carbenes (4–9). A major
advantage of deprotonation is its rapidity, even at low temperatures, so that carbenes that are
only moderately stable can still be characterized. Moreover, for cyclopropenylidenes, the
conjugate acids, namely the cyclopropenium salts (4) (Fig. 1), are available in large quantities,
thermally very stable, and easy to handle (14). The bis(diisopropylamino) derivative 4c is even
insensitive to water (34). In order to monitor the possible formation of the desired
cyclopropenylidene 1c, we calculated its 13C nuclear magnetic resonance (NMR) spectrum
(24). The carbene carbon and the two other ring carbons were predicted to give signals at 189
and 157 parts per million (ppm), respectively, distinct from the resonances of other compounds
in the reaction mixture.

Dry diethyl ether was slowly added at −78°C to an equimolar mixture of cyclopropenium
tetraphenylborate 4c (X = BPh4) and potassium bis(trimethylsilyl)amide (35). After the mixture
was stirred for half an hour at −78°C, the 13C NMR signals at 99 and 133 ppm corresponding
to the ring carbons of the starting cyclopropenium salt 4c were absent, whereas new signals
appeared at 185 and 159 ppm, in the range predicted for 1c. These signals persisted when the
solution was warmed to room temperature. After evaporation of diethyl ether under vacuum,
dry hexane was added and the resulting suspension was stirred for 10 min. After filtration to
remove potassium tetraphenylborate, the bright yellow solution was stored overnight at −20°
C under an argon atmosphere, affording 1c as yellow crystals in 20% yield.

In solution, dynamic 1H and 13C NMR behavior was observed for 1c, corresponding to the
exchange of isopropyl group environments. The CH resonances are broad at room temperature,
but split to reveal two types of i-Pr groups at −30°C. The CH peaks coalesce at about −20°C
and +10°C, in the 1H (500 MHz) and 13C (125 MHz) NMR spectra, respectively, corresponding
to a free energy of activation for site exchange of about 53 kJ/mol. A major part of this exchange
process must involve rotation about the N-Cring bonds, which suggests, as expected, a π
donation from the amino groups to the electron-deficient ring. However, this donation is weaker
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than in the starting material 4c, for which the coalescence temperature in 1H NMR is about
85°C, which corresponds to a free energy of activation of about of 75 kJ/mol.

In the solid state, the ring and the amino groups of both the cyclopropenylidene 1c and cationic
precursor 4c are nearly coplanar (Fig. 3), confirming the interaction of the nitrogen lone pairs
with the π system of the ring. However, it is again apparent that this interaction is less intense
for carbene 1c than for the cationic precursor 4c. Compared to 4c, the CN bond distances
(1c, 1.334; 4c, 1.305 Å), as well as the bonds flanking the carbene center, are longer (1c, 1.404;
4c, 1.359 Å), whereas the formally CC double bond is shorter (1c, 1.344; 4c, 1.406 Å). The
geometric parameters of the ring in the isolated cyclopropenylidene derivative 1c are very close
to those calculated for the parent compound 1a (Fig. 4).

Although 1c is sensitive to air, it is thermally very stable. Heating a toluene solution of 1c at
80°C for 2 hours resulted in only ~10% decomposition. Compound 1c has a melting point of
107° to 109°C, and the NMR spectra of the melt indicate little if any decomposition.

Almost 50 years after the seminal discovery by Breslow (36) that cyclopropenium salts were
stable at room temperature, cyclopropenylidene 1c is a neutral analog of these classical 2 π-
Huckel aromatic compounds. Stable cyclopropenylidenes might serve as models for a better
understanding of the formation of carbon-bearing molecules in the interstellar medium.
Moreover, the isolation of this molecule paves the way for the discovery of stable versions of
other interstellar species previously thought to be unisolable under normal laboratory
conditions.
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Fig. 1.
Cyclopropenylidenes 1a to 1c, propadienylidene 2a, propynylidene 3a, and cyclopropenium
salts 4a and 4c.
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Fig. 2.
Representative singlet carbenes.
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Fig. 3.
Molecular (ORTEP) views of cyclopropenium tetraphenylborate 4c (left) and
cyclopropenylidene 1c (right) in the solid state (for clarity, tetraphenylborate anion and H atoms
are omitted in the left and bottom images, respectively). 4c: C1-C2, 1.360 ± 3 Å; C1-C3, 1.358
± 3 Å; C2-C3, 1.406 ± 3 Å; C2-N1, 1.305 ± 3 Å; C3-N2, 1.308 ± 3 Å; C2-C1-C3, 62.31° ±
17°; C1-C2-C3, 58.79° ± 16°; C1-C3-C2, 58.90° ± 16°; C1-C2-N1, 148.9° ± 2°; C3-C2-N1,
152.2° ± 2°; C1-C3-N2, 149.5° ± 2°; C2-C3-N2, 151.5° ± 2°; C2-N1-C8, 118.2° ± 2°; C8-N1-
C5, 119.9° ± 2°; C2-N1-C5, 121.8° ± 2°; C3-N2-C11, 119.6° ± 2°; C3-N2-C15, 117.9° ± 2°;
C11-N2-C15, 121.4° ± 2°. 1c: C1-C2, 1.404 ± 3 Å; C1-C3, 1.405 ± 3 Å; C2-C3, 1.344 ± 3 Å;
C2-N1, 1.332 ± 3 Å; C3-N2, 1.336 ± 3 Å; C2-C1-C3, 57.19° ± 16°; C1-C2-C3, 61.45° ± 18°;
C1-C3-C2, 61.36° ± 17°; C1-C2-N1, 146.7° ± 2°; C3-C2-N1, 151.8° ± 2°; C1-C3-N2, 146.2°
± 2°; C2-C3-N2, 152.4° ± 2°; C2-N1-C8, 119.91° ± 19°; C8-N1-C5, 119.0° ± 2°; C2-N1-C5,
120.66° ± 19°; C3-N2-C11, 120.9° ± 2°; C3-N2-C15, 119.10° ± 19°; C11-N2-C15, 119.94° ±
19°.
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Fig. 4.
Geometric parameters for the cyclic skeleton of the parent compound 1a (calculated) and
derivative 1c (observed)
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