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Due to their strong s-donor properties, N-heterocyclic-
carbenes (NHCs) have found numerous applications as
ligands for transition-metal catalysts.[1] More recently, it has
been found that acyclic diaminocarbenes A (see Scheme 1)[2]

or even amino aryl carbenes B[3] also behave as strong-s-

donor weak-p-acceptor ligands and therefore could be
considered as alternative ligands for catalysts;[4, 5] to date, A
is the most basic carbene ligand known.[4c] However, the range
of acyclic amino carbenes (AAC) known is far surpassed by
that of their NHCs counterparts. Obstacles to extending the
range of available AACs reside in their supposed inherent
instability,[6] but also in the lack of a general and convenient
synthetic route for their preparation. We have recently
reported that substitution reactions occur at the carbene
center of the phosphonio-substituted carbene D, thus giving
rise to new stable carbenes.[7] However, the synthesis of D
requires several steps, which includes the preparation of a
stannyl phosphane; a very fragile carbene intermediate C ;[8]

and most importantly, is limited to (methyl)di(tert-butyl)-
phosphane as a leaving group. Indeed, to assure the stability
of carbene C, bulky groups at phosphorus are required, and
the addition of an organic group to the phosphane to form a
quaternary P center is limited to methylation. (Methyl)di(tert-
butyl)phosphane is 1) very basic, therefore not the perfect
leaving group; 2) bulky, thus preventing the substitution
reaction with sterically hindered nucleophiles; 3) features
acidic methyl protons, which often react with the nucleophile
(base) to afford undesirable products.

Herein, we report an easy entry to amino(phosphonio)-
carbenes by using simple phosphanes and readily available
reagents, and the subsequent substitution reactions at the
carbene center.

As one of the most common synthetic routes to stable
carbenes is based on the deprotonation of the corresponding
iminium salt,[1] phosphonio iminium salts 3 were the obvious
precursors to amino(phosphonio)carbenes. Based on the
elegant work by Weiss and co-workers, we predicted that
dications such as 3 should be accessible and stable as
compounds that feature bis(onio)substituted sp3- and even
sp2-carbon atoms have been isolated.[9] Indeed, we have found
that Alder6s dimer 1[2, 10] cleanly reacts at room temperature
with the basic tricyclohexylphosphane, but also with very
simple phosphanes such as triphenylphosphane, thus leading

to the formation of the desired dications 3a,b in 94 and 93%
yield, respectively (Scheme 2). Although 3a,b are water
sensitive, giving back diisopropylamide when exposed to
moisture, they are highly thermally stable (m.p.: 3a : 217 8C;
3b : 172 8C). Importantly, although the trifluoromethane
sulfonate salts 3a,b are barely soluble in most classical
organic solvents, they are soluble in acetonitrile; thus, their
purification is quite easy and large quantities can be prepared
in a one-pot reaction from the amide (it is not necessary to
isolate Alder6s dimer 1). However, in this reaction, half of the

Scheme 1. Carbenes A and B, and the synthesis of carbenes C and D.
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starting amide is lost. This is not significant when simple
amides are used, but may become an important issue with
more sophisticated amides. A way to bypass this obstacle is to
treat an adduct of phosphane and trimethylsilyl triflate,
generated in situ,[11] with the iminium chloride 2. Using this
route, we isolated 3a,b in 89 and 94% yield, respectively, from
the amide.

The acidity of the iminium protons of 3a,b is
indicated by the low field 1H NMR chemical shifts
(3a : 9.33 ppm, JHP= 19.3 Hz 3b : 9.66 ppm, JHP=

24.6 Hz). Thus, the addition of one equivalent of
sodium tert-butoxide and lithium bis(trimethylsilyl)a-
mide to suspensions of dications 3a and 3b in tetrahy-
drofuran cleanly led to the formation of the correspond-
ing amino(phosphonio)carbenes 4a and 4b, respec-
tively. They have been isolated as air-sensitive orange–
yellow crystals indefinitely stable in solution and in the
solid state (m.p.: 4a : 164 8C; 4b 178 8C; Scheme 2).

The 13C NMR signals for the carbene carbon atoms
(4a : d= 304.52 ppm, JCP= 109.0 Hz; 4b : d= 292.4 ppm,

JCP= 110.5 Hz) are shifted considerably downfield relative to
the resonances observed for their protonated precursors 3a,b
(3a : d= 172.3 ppm, JCP= 37.3 Hz; 3b : d= 169.9 ppm, JCP=

64.1 Hz). In contrast, single-crystal X-ray diffraction stud-
ies[12] show very similar features for all four compounds 3a,b
and 4a,b (Figure 1): no interaction with the counterion, a

Scheme 2. Synthesis of 3a,b and 4a,b.

Figure 1. Selected bond distances [C] and bond angles [8]: 3a : N(1)-C(1) 1.283, P(1)-C(1) 1.849; N(1)-C(1)-P(1) 129.64, C(1)-N(1)-C(5) 119.1,
C(1)-N(1)-C(2) 125.41, C(2)-N(1)-C(5) 115.48, C(14)-P(1)-(C8) 112.02, C(20)-P(1)-C(8) 108.92, C(20)-P(1)-C(14) 111.43. 4a : N(1)-C(1) 1.281, P(1)-
C(1) 1.792; N(1)-C(1)-P(1) 129.3, C(1)-N(1)-C(5) 115.4, C(1)-N(1)-C(2) 129.1, C(2)-N(1)-C(5) 115.5, C(8)-P(1)-C(14) 107.18, C(1)-P(1)-C(20)
126.01, C(8)-P(1)-C(20) 113.17. 3b : N(1)-C(1) 1.275, P(1)-C(1) 1.844; N(1)-C(1)-P(1) 125.64, C(1)-N(1)-C(2) 124.00, C(1)-N(1)-C(5) 119.94, C(2)-
N(1)-C(5): 116.05, C(20)-P(1)-C(8) 111.20, C(20)-P(1)-C(14) 111.65, C(8)-P(1)-C(14) 110.52. 4b : N(1)-C(1) 1.282, P(1)-C(1) 1.775; N(1)-C(1)-P(1)
129.14, C(1)-N(1)-C(2): 128.05, C(1)-N(1)-C(5): 115.97, C(2)-N(1)-C(5): 115.98, C(14)-P(1)-C(8): 108.42, C(14)-P(1)-C(20): 105.63, C(8)-P1)-C(20):
109.06.
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short CN bond (3a : 1.283; 4a : 1.281; 3b : 1.275; 4b : 1.282 A),
a long CP bond (3a : 1.849; 4a : 1.792; 3b : 1.844; 4b : 1.775 A),
and an acute angle about the iminium and carbene centers
(3a : 129.6; 4a : 129.3; 3b : 125.6; 4b : 129.48). Notably, the
similarities observed between the carbenes 4a,b, which
feature two phosphanes that are very different in nature,
suggest that there is only a slight, if any, interaction between
the phosphonio group and the carbene center.

Since large quantities of amino(phosphonio)carbenes
4a,b were now available, we were able to investigate the
scope of the substitution reaction at the carbene center. As
already observed with the previously reported onio–carbene
D, the potassium salts of 2,6-dimethylthiophenol and 2-tert-
butylphenol react cleanly with 4a,b in THF at �78 8C;
multinuclear NMR spectroscopy showed the quantitative
formation of carbenes 5[7] and 6,[10b] along with the corre-
sponding phosphane (Scheme 3). As Ph2NLi is too basic to
promote substitution with D, a study of its reactivity was of
interest. Again, the reaction of Ph2NLi with 4a,b at �78 8C,
yields exclusively the unsymmetrical diamino carbene 7 that
has been fully characterized in solution by multinuclear NMR
spectroscopy (m.p.: 75 8C). To define the limit of the method,
carbenes 4a,b were then treated with tert-butyl lithium.
Although in the case of 4b, a complex mixture was obtained,
for 4a the corresponding phosphorus ylide 8 was formed
quantitatively (31P NMR: d= 14.9 ppm, d, 2JCP= 50 Hz). Not
surprisingly, the latter is unstable[13] and dissociates at �20 8C
within ten minutes into the phosphane and the diisopropyla-
minocarbene, which dimerizes.[14] To prevent this reduction
reaction, the use of a secondary alkyl lithium was explored.

Addition of the lithium salt of malonitrile to 4a,b cleanly
afforded enamine 10, which demonstrates that the desired
substitution reaction occurred, and that the primary formed
carbene 9 is unstable towards a 1,2-hydrogen shift.[15,16]

Substitution reactions also take place with aryl and alkynyl
lithium salts, thus leading to transient carbenes, which
dimerize into alkenes 11 and 12, respectively.

In summary, we have developed a new route for the
synthesis of amino(phosphonio)carbenes, by deprotonation
of readily available dicationic precursors. The onio–carbenes
are excellent building blocks for the synthesis of new stable
and transient acyclic monoamino carbenes. The only limita-
tion observed for this route is with tertiary alkyl carbenes,
which remain unknown and constitute an exciting synthetic
challenge.

Experimental Section
All manipulations were performed under argon by using standard
Schlenk techniques. Dry, oxygen-free solvents were employed.

Synthesis of C-phosphonio iminium salts 3a,b : R3P (20 mmol),
was added at room temperature to an acetonitrile solution (120 mL)
of 1 (20 mmol) and the mixture was stirred for 1 h. Alternatively, an
acetonitrile solution (30 mL) of trimethylsilyltrifluoromethane sulfo-
nate (8.9 g, 40 mmol) and R3P (20 mmol) was added, at room
temperature to an acetonitrile solution (50 mL) of iminum chloride
2[17] (3.7 g, 20 mmol) and the reaction mixture stirred for 1 hour. The
solvent was evaporated under vacuum, and the residue was washed
with THF (150 mL) affording white microcrystalline solids. 3a :
31P{1H} NMR (CD3CN): d= 43.86 ppm; 1H NMR (CD3CN): d= 1.64–
2.20 (m, 30H, CH2), 1.83 and 1.86 (d, 6H, J(H,H)= 6.5 Hz, CH3CH),

3.50 (m, 3H, Cy-CH), 4.70 (sept,
1H, J(H,H)= 6.5 Hz, CHN),
5.09 (sept d, 1H, J(H,H)=
6.5 Hz, J(H,P)= 2.9 Hz, CHN),
9.33 ppm (d, 1H, J(P,H)=
19.3 Hz, =CH); 13C{1H} NMR
(CD3CN): d= 21.26 and 24.90
(s, CH3CH), 25.86 (s, CH2),
27.21 (d, J(C,P)= 14.5 Hz,
CH2), 28.81 (br, CH2), 35.40 (d,
J(C,P)= 29.0 Hz, Cy-CH), 66.00
(br, CHN), 69.67 (s, CHN),
123.31 (q, J(C,F)= 319.4 Hz,
CF3), 172.29 ppm (d, J(C,P)=
37.3 Hz, =CH). 3b : 31P{1H}
NMR (CD3CN): d= 21.50 ppm;
1H NMR (CD3CN) d= 1.25 and
1.72 (d, 6H, J(H,H)= 6.7 Hz,
CH3CH), 4.52 (sept, 1H,
J(H,H)= 6.7 Hz, CHN), 4.87
(sept d, 1H, J(H,H)= 6.7 Hz,
J(H,P)= 3.1 Hz, CHN), 7.85–
8.09 (m, 15H, Ph), 9.66 ppm (d,
1H, J(P,H)= 24.6 Hz, =CH);
13C{1H} NMR (CD3CN): d=

24.04 and 26.29 (s, CH3CH),
68.00 (d, J(C,P)= 3.2 Hz,
CHN), 67.45 (d, J(C,P)=
6.7 Hz, CHN), 121.89 (q,
J(C,F)= 320.7 Hz, CF3), 114.04
(d, J(C,P)= 88.2 Hz, Cipso),
132.50 (d, J(C,P)= 13.4 Hz,
Cmeta), 136.08 (d, J(C,P)=
12.0 Hz, Cortho), 138.54 (s, Cpara),Scheme 3. Reactivity of 4a,b.
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169.93 ppm (d, J(C,P)= 64.1 Hz, =CH).
Synthesis of phosphonio carbenes 4a,b : A 1/1 mixture of tBuONa

and 3a, or (Me3Si)2NLi and 3b (1.2 mmol) was cooled to �78 8C, and
THF (6 mL) was added. The suspension was brought to room
temperature and stirred for 30 min. The solvent was removed under
vacuum and the residue was washed with Et2O (2 mL). Orange solids,
containing NaOTf or LiOTf, were obtained (quantitative reaction by
31P NMR) and used for the substitution reactions without purifica-
tion. Single crystals were grown by slow diffusion of a THF solution of
the solids in ether. 4a : 31P{1H} NMR ([D8]THF): d= 15.16 ppm;
1H NMR ([D8]THF): d= 1.14–1.89 (m, 30H, CH2), 1.38 and 1.45 (d,
6H, J(H,H)= 6.7 Hz, CH3CH), 2.76 (m, 3H, Cy-CH), 4.31 ppm (br,
2H, CHN); 13C{1H} NMR ([D8]THF): d= 20.70 and 23.29 (s,
CH3CH), 26.84 (s, CH2), 27.47 (d, J(C,P)= 11.7 Hz, CH2), 28.59 (d,
J(C,P)= 3.4 Hz, CH2), 34.62 (d, J(C,P)= 36.9 Hz, CH), 44.74 and
48.10 (br, CH3CH), 122.33 (q, J(C,F)= 321.9 Hz, CF3), 304.52 ppm (d,
J(C,P)= 109.0 Hz, Ccarbene); 4b : 31P{1H} NMR ([D8]THF): d=
�2.46 ppm; 1H NMR ([D8]THF): d= 1.37 (d, 12H, J(H,H)= 6.5 Hz,
CH3CH), 4.46 (br, 2H, CHN), 7.63–7.76 ppm (m, 15H, Ph); 13C{1H}
NMR ([D8]THF, 220 K): d= 21.51 (s, CH3CH), 59.31 (br. CH3CH),
73.52 (br. CH3CH), 122.00 (q, J(C,F)= 321.1 Hz, CF3), 123.14 (d,
J(C,P)= 81.1 Hz, Cipso), 132.00 (d, J(C,P)= 10.4 Hz, Cmeta), 134.72 (d,
J(C,P)= 10.4 Hz, Cortho), 135.37 (s, Cpara), 292.40 ppm (d, J(C,P)=
110.5 Hz, Ccarbene); at room temperature, the signals of the isopropyl
carbon are too broad to be observed.

General procedure for the substitution reactions :ATHF solution
(2 mL) of the nucleophile (1.2 mmol) was added to a suspension of
carbene 4a or 4b (1.2 mmol) in 2 mL of THF at �78 8C. The mixture
was warmed to room temperature and stirred for 30 minutes.
According to NMR spectroscopy, all the reactions are quantitative.
Carbene 7: 1H NMR ([D8]THF): d= 0.84 and 1.42 (d, 6H, J(H,H)=
6.4 Hz, CH3CH), 3.71 and 3.75 (sept, 1H, J(H,H)= 6.4 Hz, CHN),
7.07–7.27 ppm (m, 10H, Ph); 13C{1H} NMR ([D8]THF): d= 20.94 and
26.41 (s, CH3CH), 49.42 and 50.78 (s, CHN), 125.27, 125.55, 129.47
and 151.27 (s, Ph), 258.20 ppm (s, Ccarbene). Enamine 10 : 1H NMR
(CDCl3): d= 1.30 and 1.32 (d, 6H, J(H,H)= 6.5 Hz, CH3CHN), 3.75
and 4.77 (sept, 1H, J(H,H)= 6.5 Hz, CH3CHN), 7.03 ppm (s, 1H, =
CH); 13C{1H} NMR (CDCl3): d= 20.49 and 23.88 (s, CH3CHN), 48.88
and 50.85 (s, CH3CHN), 49.02 (s,=C(CN)2), 115.78 and 118.22 (s, CN),
153.19 ppm (s, =CH). Dimer 11: E/Z= 3/1; 1H NMR (C6D6): d(E)=
0.69 (d, 24H, J(H,H)= 6.4 Hz, CH3CHN), 3.05 (sept, 4H, J(H,H)=
6.4 Hz, CH3CHN), 7.42 and 7.45 ppm (d, 4H, J(H,H)= 9.4 Hz,
Harom); d(Z)= 1.07 (d, 24H, J(H,H)= 7.0 Hz, CH3CHN), 3.73 (sept,
4H, J(H,H)= 7.0 Hz, CH3CHN), 7.03 and 7.07 ppm (d, 4H, J(H,H)=
9.4 Hz, Harom); 13C{1H} NMR (C6D6): d(E)= 23.62 (s, CH3CHN),
52.16 (s, CH3CHN), 125.15 (s, Cortho), 125.58 (q, J(C,F)= 272.8 Hz,
CF3), 129.29 (q, J(C,F)= 31.1 Hz, Cpara), 132.12 (s, Cmeta), 140.37 (s,=
C), 149.02 ppm (s, Cipso); d(Z)= 24.46 (s, CH3CHN), 48.21 (s,
CH3CHN), 124.35 (s, Cortho), 133.66 (s, Cmeta), 134.86 (s, =C),
147.95 ppm (s, Cipso);

19F{1H} NMR (C6D6): d(E)= 1.09; (Z):
1.37 ppm. Dimer 12 : 1H NMR (C6D6): d= 1.23 (s, 18H, CH3C), 1.31
(d, 24H, J(H,H)= 6.4 Hz, CH3CHN), 3.50 ppm (sept, 4H, J(H,H)=
6.4 Hz, CH3CHN); 13C{1H} NMR (C6D6): d= 22.50 (s, CH3CHN),
28.91 (s, CH3C), 31.36 (s, CH3C), 50.62 (s, CH3CHN), 80.55 (s, C�C),
106.60 (s, C�C), 134.53 ppm (s, C=C).
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