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Abstract

Protonated versions of N-heterocyclic carbenes (NHC,H+) are classically prepared by closing the ring through the introduction of the
CH+ fragment. Here we report a totally different synthetic approach, which can be viewed as the addition of a 1,3-diazaallyl anion to a
compound featuring two leaving groups (hereafter named ‘‘di-electrophile’’). Using 1,3- and 1,4-dibromides, six- and seven-membered
NHC,H+s have been prepared in good yields. Similarly, with 1,3,2-dioxathiolane-2,2-dioxide as a di-electrophile, imidazolidinium salts
were obtained. To illustrate its broad scope of application, this synthetic route has been expanded to the preparation of protonated cyclic
amino alkyl carbenes (CAACs) and amino thio carbenes, using 1-aza-allyl and 1,3-azathio-allyl anions, respectively.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The chemistry of N-heterocyclic carbenes (NHCs) has
become a major area of research as these stable carbenes
[1] have proven to be outstanding ligands for transition
metals [2], as well as potent nucleophilic organic catalysts
[3]. In this field, the conjugate acids (NHC,H+s) play a very
important role. Indeed, they are by far the most frequently
used precursors of NHCs, and oxidative addition of the
CH bond to transition metal centers can even directly
afford the carbene complexes [4]. Moreover, NHC,H+s,
have found numerous applications as ionic liquids [5],
which are important components of ‘‘Green’’ chemistry.
Imidazolium A, imidazolidinium B, tetrahydropyrimidi-
nium C, and related compounds are usually prepared by
closing the ring through the introduction of the CH+ frag-
ment, as shown by the disconnection (a) [1–3] (Scheme 1).

Recently, we have reported the synthesis of P-heterocy-
clic carbenes (PHCs) [6] and cyclic alkyl amino carbenes
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(CAACs) [7] by deprotonation of the corresponding con-
jugate acids D and E (Schemes 2 and 3), respectively.
These cationic heterocycles were prepared using retrosyn-
thetic approaches that are significantly different from
those classically used for NHC precursors A–C. In the
case of PHCs, we performed a formal [3 + 2]-cycloaddi-
tion involving a 1,3-diphosphaallyl cation and a dipolaro-
phile (Scheme 2).

The applicability of this route is rather limited, since
very few hetero-allyl cations are available. Potentially
much broader in scope is the pathway used for CAAC pre-
cursors E, in which the heterocycles are formed by addition
of an aza-allyl anion to an epoxide, followed by the trans-
formation of the resulting alkoxide into a leaving group,
and subsequent ring closure by intramolecular nucleophilic
substitution (Scheme 3). Indeed, this approach can be
viewed as the addition of a (di)hetero-allyl anion to a com-
pound featuring two leaving groups (hereafter named ‘‘di-
electrophile’’) (Scheme 3). Here we report the synthesis of a
variety of protonated NHCs and related compounds,
which illustrates the broad scope of application of this syn-
thetic approach.
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2. Results and discussion

We first extrapolated our method to the synthesis of new
CAAC precursors. Aldimines 1 featuring a secondary alkyl
substituent at carbon are readily available from aldehydes
and amines. Deprotonation leads to the corresponding aza-
allyl anions, which readily react at room temperature with
1,3-dibromopropane to directly afford the desired cationic
heterocycles 3a–c. If 1,3-dibromobutane is used as a di-
electrophile, the primary formed neutral acyclic adducts
2d,e are observed, and can even be isolated. Heating at
110 �C for 1 h is necessary to induce the ring closure and
cleanly obtain cyclic salts 3d,e, presumably due to steric
hindrance (Scheme 4).

We then investigated the possibility of preparing classi-
cal NHC,H+s. We chose to use a single formamidine,
namely the dimesityl formamidine [8a], since the substitu-
tion pattern on this fragment should have no influence
on the fate of the reaction; note that formamidines are
readily available in large quantities [8]. On the other hand,
to illustrate the versatility of our synthetic approach, we
tested several different di-electrophiles (Schemes 5 and 6).
Neat 1,3-dibromopropane was added to a tetrahydrofuran
solution of the lithium salt of the formamidine, and after
stirring overnight at room temperature, the tetrahydropyri-
midinium bromide 4, was isolated in 50% yield (without
optimization). Note that Herrmann et al. reported a 23%
yield when this compound was prepared by the classical
route [9]. The reaction is not limited to 1,3-dibromides,
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1,4-dibromides such as a,a 0-dibromo-o-xylene can be used.
In this case, the seven-membered cationic heterocycle 5 was
isolated in 93% yield. Since examples of medium size, cat-
ionic heterocycles are quite rare, a single crystal X-ray dif-
fraction study was carried out. The ORTEP view of the
molecule, along with selected geometric parameters, is
shown in Fig. 1

Among the most popular NHCs are certainly those
derived from imidazolidinium salts. These five-membered
heterocycles are not available by addition of 1,2-dibro-
mides to diaza-allyl anions. Indeed, either HBr-elimination
reactions occur, or in the case of per-substituted 1,2-dibro-
mide derivatives, the steric hindrance prevents the substitu-
tion reaction. However, the 1,3,2-dioxathiolane-2,2-dioxide
readily acts as the desired di-electrophile. At room temper-
ature, the addition of the lithium salt of the formamidine to
the cyclic sulfate cleanly led after 16 h to adduct 6, which
has been characterized by NMR spectroscopy. The cycliza-
tion reaction to 7 required an additional 24 h in refluxing
THF. After work up, imidazolium salt 7 was isolated in
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Fig. 1. Molecular view of the crystal structure of 5. Selected bond lengths
[Å] and angles [�]: C1–N1 1.314(2), N1–C2 1.498(2), C2–C3 1.498(3), C3–
C8 1.400(2), C8–C9 1.509(2), C9–N2 1.494(2), N2–C1 1.325(2); N1–C1–
N2 127.50(14).
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93% yield (Scheme 6). The counteranion can be easily
exchanged using, for example, tetraphenyl borate.

To demonstrate even further the broad applicability of
our synthetic approach, we reacted the potassium salt of
N-Phenyl thioamide [10] with 1,3-dibromopropane. Here
again, the cyclization occurred at room temperature and
after work up and recrystallization, heterocycle 8 was iso-
lated in 39% yield (Scheme 7).

3. Conclusions

The synthetic strategy described here appears to be very
general. Not only can the substituents of the starting
mono- and dihetero allyl anions be modified at will, but
a variety of di-electrophiles are available, including enanti-
omerically pure variants. Importantly, the synthesis of
almost all ring-size, protonated heterocyclic carbenes
should be reachable, which would allow for significant tun-
ing of the carbene bond angle, and other stereoelectronic
parameters of importance for the catalytic activity of the
ensuing transition metal complexes.
4. Experimental section

4.1. General

All manipulations were performed under an inert atmo-
sphere of argon using standard Schlenk techniques. Dry,
oxygen-free solvents were employed. 1H, and 13C NMR
spectra were recorded on Varian Inova 300, 500 and Bru-
ker Avance 300 spectrometers.

4.2. Synthesis of heterocyclic salts 3a–e

1.02 eq. of the desired imine 1 [11] was added at room
temperature to a diethyl ether solution of LDA (10 mL of
ether for every gram of LDA). After stirring for 2 h at
room temperature the solvent and diisopropylamine were
removed under vacuum. The lithium salts of the aza-allyl
anions were obtained as thermally stable viscous oils, and
used for the next step without further purification. The
salts were dissolved in diethyl ether and 1.02 eq. of 1,3-
dibromopropane was added via syringe at room tempera-
ture. After stirring for 16 h at room temperature and 2 h
at 40 �C, the solvent was removed under vacuum. After
extraction with CH2Cl2, and evaporation of the solvent,
the residue was washed with ether and then hexane to
give cyclic iminium salts 3a–c as white solids. A similar
procedure was carried out for derivatives 3d,e, except that
1,3-dibromobutane was used as the di-electrophile, and
high temperature (110 �C, 1 h) was required for cycliza-
tion. Derivatives 3d,e were also obtained as white solids.
3a: (73% yield); 1H NMR (CDCl3, 25 �C, 300 MHz)
d = 8.96 (s, 1H, NCH), 3.93 (m, 2H, CH2), 1.98 (m,
2H, CH2), 1.74 (m, 2H, CH2), 1.64 (s, 9H, CH3), 1.44
(s, 6H, CH3); 13C{1H} NMR (CD3CN, 25 �C, 75 MHz)
d = 181.39 (NCH), 71.00 (C), 48.79 (CH2), 38.52 (C),
31.35 (CH2), 27.97 (CH3), 26.15 (CH3), 20.05 (CH2). 3b:
(65% yield); 1H NMR (CDCl3, 25 �C, 300 MHz)
d = 9.54 (s, 1H, NCH), 4.80 (sept, J = 6.9, 1H, CH),
3.73 (m, 2H, CH2), 1.98 (m, 2H, CH2), 1.71 (m, 2H,
CH2), 1.49 (d, J = 6.9, 6H, CH3), 1.39 (s, 6H, CH3);
13C{1H} NMR (CDCl3, 25 �C, 75 MHz) d = 182.93
(NCH), 64.54 (CH), 47.39 (CH2), 37.16 (C), 31.01
(CH2), 26.56 (CH3), 20.78 (CH3), 18.89 (CH2). 3c: (70%
yield); 1H NMR (CD3CN, 25 �C, 300 MHz) d = 9.18 (s,
1H, NCH), 7.14 (s, 2H, Ph), 4.00 (m, 2H, CH2), 2.36 (s,
3H, p-CH3), 2.28 (s, 6H, o-CH3), 2.19 (m, 2H, CH2),
1.91 (m, 2H, CH2), 1.51 (s, 6H, CH3); 13C{1H} NMR
(CD3CN, 25 �C, 75 MHz) d = 190.72 (NCH), 141.97 (C),
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140.15 (C), 132.38 (C), 130.87 (CH), 66.18 (C), 55.34
(CH2), 30.30 (CH2), 25.85 (CH3), 21.02 (CH3), 19.32
(CH2) 17.44 (CH3). 3d: (61% yield); 1H NMR (CDCl3,
25 �C, 300 MHz) d = 9.41 (s, 1H, NCH), 4.49 (m, 1H,
CH), 2.00–1.60 (m, 4H, CH2), 1.66 (s, 9H, CH3), 1.49
(s, 3H, CH3), 1.39 (d, J = 6.6, 3H, CH3), 1.37 (s, 3H,
CH3); 13C{1H} NMR (CDCl3, 25 �C, 75 MHz)
d = 183.33 (NCH), 70.30 (C), 53.23 (CH), 38.19 (C),
29.50 (CH3), 26.94 (CH2), 26.88 (CH2), 26.74 (CH3),
26.31 (CH3), 21.46 (CH3). 3e: (70% yield) 1H NMR
(CDCl3, 25 �C, 300 MHz) d = 9.54 (s, 1H, NCH), 7.30
(t, 1H, J = 7.8, Ph), 7.13–7.10 (2 d, J = 7.8, 2H, Ph),
4.09 (m, 1H, CH), 2.47 (sept, J = 6.7, 1H, CH), 2.33 (sept,
J = 6.7, 1H, CH), 2.26–1.65 (m, 4H, CH2), 1.45 (s, 3H,
CH3), 1.44 (s, 3H, CH3), 1.25–1.00 (m, 15H); 13C{1H}
NMR (CDCl3, 25 �C, 75 MHz) d = 190.85 (NCH),
142.68 (C), 142.10 (C), 136.24 (C), 131.56 (CH), 125.29
(CH), 124.97 (CH), 62.63 (CH), 38.49 (C), 29.04, 28.99,
28.50 (CH2), 25.97 (CH2), 25.77, 25.60, 25.30, 23.04,
22.56, 17.80.

4.3. Synthesis of six-membered heterocyclic salts 4

n-BuLi (2.5 M in hexane, 2.90 mL, 7.25 mmol) was
added at room temperature to a THF solution (80 mL)
of dimesityl formamidine (2.00 g, 7.13 mmol). The result-
ing yellow solution was stirred at room temperature for
20 min before 1,3-dibromopropane (1.08 mL, 1.5 eq.) in
THF (80 mL) was added dropwise at room temperature.
The pale brownish solution was stirred at room tempera-
ture overnight. After evaporation of the solvent under vac-
uum, the resulting viscous oil was washed with hexane
(60 mL) and Et2O (60 mL). The residue was dissolved in
CH2Cl2 (80 mL), and filtered. After evaporation of the sol-
vent 4(Br�) was obtained as a white powder (1.43 g, 50%):
1H NMR (CDCl3, 25 �C, 300 MHz) d = 7.55 (s, 1H,
NCH), 6.97 (m, 4H, Ph), 4.30 (br t, J = 5.7, 4H, NCH2),
2.62 (m, J = 5.7, 2H, CH2), 2.38 (s, 12H, o-CH3), 2.30 (s,
6H, p-CH3). A mixture of 4(Br�) (1.34 g, 3.33 mmol) and
NaBPh4 (1.20 g, 3.50 mmol) in CH2Cl2 (30 mL) was stirred
overnight. After filtration through celite, the solvent was
removed to afford a pale brown solid. Recrystallization
from CH2Cl2/Et2O yielded 4ðBPh�4 Þ as a white solid
(1.95 g, 91%): 1H NMR (CDCl3, 25 �C, 300 MHz)
d = 7.41 (m, 8H, BPh4), 7.06 (s, 1H, NCH), 6.93 (m,
12H, BPh4), 6.82 (m, 4H, Ph), 2.69 (t, J = 5.6, 4H,
NCH2), 2.31 (s, 6H, p-CH3), 2.07 (s, 12H, o-CH3), 1.42
(m, J = 5.6, 2H, CH2); 13C{1H} NMR (THF-D8, 25 �C,
75 MHz) d = 165.35 (q, J = 49.4, ipso-BPh4), 156.95
(NCH), 141.18, 137.83, 137.18, 135.42, 130.75, 125.84,
121.96, 46.72, 21.06, 19.93, 17.71. Mass(FAB) m/z: 321
(M�BPh4)+.

4.4. Synthesis of seven-membered heterocyclic salt 5

n-BuLi (2.5 M in hexane, 1.50 mL, 3.75 mmol) was
added at room temperature to a THF solution (50 mL)
of dimesityl formamidine (1.00 g, 3.57 mmol). The result-
ing clear yellow solution was stirred at room temperature
for 20 min before adding dropwise a THF solution
(50 mL) of a,a 0-dibromo-o-xylene (1.41 g, 1.5 eq.). The pale
yellow solution was stirred overnight at room temperature.
The solvent was removed under vacuum and the residue
was washed with hexane (80 mL) and Et2O (60 mL).
Recrystallization from a CH2Cl2/Et2O/hexane solution
afforded 5 as colorless crystals (1.54 g, 93%): 1H NMR
(CD3CN, 25 �C, 300 MHz) d = 7.58 (s, 1H, NCH), 7.52
(m, 2H, Ph), 7.45 (m, 2H, Ph), 7.03 (s, 4H, Ph), 5.41 (m,
4H, NCH2), 2.28 (s, 6H, p-CH3), 2.24 (s, 12H, o-CH3).
13C{1H} NMR (CD3CN, 25 �C, 75 MHz) d = 158.84
(NCH), 141.56, 141.37, 136.15, 135.75, 131.59, 131.09,
130.69, 57.31 (CH2), 21.38 (p-CH3), 18.97 (o-CH3); Mass-
(FAB) m/z: 383(M�Br)+.

4.5. Synthesis of imidazolidinium salts 7

n-BuLi (2.5 M in hexane, 0.57 mL, 1.44 mmol) was
added at room temperature to a THF solution (8 mL) of
dimesityl formamidine (0.40 g, 1.42 mmol) and the yellow
solution was stirred for 20 min. Then, 1,3,2-dioxathiolane
2,2-dioxide (0.18 g, 1.43 mmol) in THF (5 mL) was added
dropwise at room temperature and the solution turned col-
orless. The reaction mixture was stirred overnight and
NMR indicated the clean formation of 6. 13C{1H} NMR
(THF-D8, 25 �C, 75 MHz) d = 153.49 (NCH), 130.21
(CH), 129.14 (CH), 65.28 (SO4CH2), 49.26 (NCH2), 19.31
(CH3), 21.04 (CH3), 19.31 (CH3), 18.80 (CH3). The reac-
tion mixture was dissolved in 10 mL of THF and refluxed
for 24 h. Removal of the solvent under vacuum and wash-
ing with hexane (30 mL) and Et2O (30 mL) afforded
7ðLiSO�4 Þ as a white solid (0.54 g, 93%). 1H NMR (CDCl3,
25 �C, 300 MHz) d = 8.17 (s, 1H, NCH), 6.92 (s, 4H, Ph),
4.48 (s, 4H, NCH2), 2.31 (s, 12H, o-CH3), 2.28 (s, 6H, p-
CH3); 13C{1H} (THF-D8, 25 �C, 75 MHz) d = 159.54
(NCH), 140.76, 136.80, 135.28, 130.22, 52.04 (NCH2),
21.23 (CH3), 17.89 (CH3). Anion exchange: A suspension
of 7ðLiSO�4 Þ (0.54 g, 1.32 mmol) and NaBPh4 (0.45 g,
1.32 mmol) in CH2Cl2 (35 mL) was stirred overnight at
room temperature. Solids were removed by filtration
through celite to give a pale yellow solution. Removal of
the solvent afforded 7ðBPh�4 Þ as a pale yellow solid
(0.69 g, 77%). 1H NMR (CDCl3, 25 �C, 300 MHz)
d = 7.22 (m, 8H, BPh4), 6.94 (s, 4H, Ph), 6.83 (m, 12H,
BPh4), 6.21 (s, 1H, NCH), 3.01 (s, 4H, NCH2), 2.35 (s,
6H, p-CH3), 2.03 (s, 12H, o-CH3); 13C{1H} NMR (CDCl3,
25 �C, 75 MHz) d = 164.10 (q, J = 49.5, ipso-BPh4), 157.60
(NCH), 140.94, 135.95, 134.48, 130.07, 129.56, 125.54,
121.70, 50.86 (NCH2), 21.14 (p-CH3), 17.55 (o-CH3).
Mass(FAB) m/z: 307 (M�BPh4)+.

4.6. Synthesis of heterocyclic salt 8

A THF solution (25 mL) of phenyl thioamide (0.40 g,
2.91 mmol) was added dropwise at room temperature to
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a suspension of KH (0.12 g, 1.05 eq.) in THF (5 ml). The
pale yellow suspension was stirred for 1.5 h and 1,3-dib-
romopropane (0.65 g, 3.21 mmol) was added. After stir-
ring for 2 days, the solvent was removed under
vacuum. The yellow residue was washed with hexane
(30 ml) and ether (20 ml), and then filtered through celite
and recrystallized from a CH2Cl2/Et2O solution, yielding
8 as white crystals (0.29 g, 39%). 1H NMR (CDCl3,
25 �C, 300 MHz) d = 10.35 (s, 1H, NCH), 7.69 (m, 2H,
Ph), 7.48 (m, 3H, Ph), 4.55 (t, J = 5.6, 2H, NCH2),
3.62 (t, J = 5.6, 2H, SCH2), 2.54 (m, 2H, CH2);
13C{1H} NMR (CDCl3, 25 �C, 75 MHz) d = 175.43
(NCH), 145.17, 130.66, 130.54, 122.84, 51.81 (NCH2),
26.36 (SCH2), 20.51 (CH2); Mass (FAB) m/z: 178
(M�Br)+.

4.7. Crystal structure determination of compound 5

The Bruker X8-APEX [12a] X-ray diffraction instrument
with Mo-radiation was used for data collection of the com-
pound 5. All data frames were collected at low temperatures
(T = 100 K) using an x u-scan mode, and integrated using a
Bruker SAINTPLUS software package [12b]. The intensity
data were corrected for Lorentzian polarization. Absorption
corrections were performed using the SADABS program. The
Bruker SHELXTL software package [12c] was used for direct
methods of phase determination and structure refinement.
Atomic coordinates, isotropic and anisotropic displacement
parameters of all the non-hydrogen atoms of two com-
pounds were refined by means of a full-matrix least-squares
procedure on F2. All H-atoms were included in the refine-
ment in calculated positions riding on the atoms to
which they were attached. Drawing was generated using
ORTEP3 [12d]. Crystal and structure parameters of 5:
size 0.54 · 0.40 · 0.08 mm3, orthorhombic, space group
Pca2(1), a = 16.4966(18) Å, b = 11.6143(13) Å, c =
14.1552(15) Å, a = b = c = 90�, V = 2712.1(5) Å3, qcalcd =
1.343 g/cm3, 2hmax = 57.20�, Mo-radiation (k = 0.71073
Å), low temperature = 100(2) K, reflections collected =
19,811, independent reflections = 6156 (Rint = 0.0246,
Rsig = 0.0385), 5625 (91.4%) reflections were greater than
2r(I), index ranges �21 6 h 6 19, �15 6 k 6 15, �18 6
l 6 18, absorption coefficient l = 1.731 mm�1; max/min
transmission = 0.8739 and 0.4549, 304 parameters were
refined and converged R1 = 0.0247, wR2 = 0.0614, with
intensity I > 2r(I), the final difference map was 0.331 and
�0.242 e Å�3. Structural data for compound 5 have been
deposited in the Cambridge Crystallographic Data Center
under CCDC 603563, and can be obtained free of charge
at www.ccdc.cam.ac.uk/conts/retrieving.html.
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