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Bis(diisopropylamino)carbene easily reacts with phthalic an-
hydride to give quantitatively an isochromane derivative
which undergoes unusual isomerization with the formation
of a strained azetidine ring and a very short intramolecular
hydrogen bond.

The possibility of stabilization of a carbene center by ste-
ric amino groups and the isolation of stable nucleophilic
aminocarbenes have renewed the interest in the chemistry
of carbenes in the last decade.[1] Some general properties of
nucleophilic carbenes have become known during this time.
For example, such carbenes are able to react with multiple
bonds to form complexes with Lewis acids and transition
metals and to enter insertion reactions with C–H, N–H,
and O–H acids. Nevertheless, many chemical properties of
singlet nucleophilic carbenes and their use in preparative
chemistry remain uninvestigated. In contrast to unstable
electrophilic triplet carbenes,[2,3] insertion reactions of nu-
cleophilic carbenes into C–O and C–S bonds are unknown.

This paper is devoted to a novel formal insertion reaction
of a stable singlet diaminocarbene into a single C–O bond.
We have found that phthalic anhydride (1) easily reacts with
bis(diisopropylamino)carbene (2) to give quantitatively
isochromane derivative 3, which can be isolated after
crystallization as yellow crystals in high yield (Scheme 1).
The mechanism of this reaction probably includes a nucleo-
philic attack of carbene 2 at the C atom of the carbonyl
group with subsequent rearrangement, analogous to that
proposed for the ring-opening polymerization of lactones
catalyzed by N-heterocyclic carbenes.[4]

The X-ray analysis revealed some interesting properties
of compound 3. The crystal structure consists of an equal
number of molecules of two structural isomers assembled
in alternate layers. Each layer is composed of molecules of
either the closed isochromane structure 3a or the opened
zwitterionic form 3b (Figures 1 and 2).[5] The length of the
C8–O2 bond in 3a (1.494 Å) is substantially longer than the
adjacent C7–O2 bond (1.338 Å), which is equal to the
average length of the C–O bond in anhydrides. The distance
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Scheme 1.

between the C8 and O2 atoms in the zwitterionic isomer is
2.497 Å. The facile heterolytic cleavage of the C8–O2 bond
in 3a is accounted for by the presence of carboxylic CO2

and amidinium CN2 moieties in the molecule which stabi-
lize negative and positive charges in zwitterionic structure
3b. Indeed, because of the delocalized positive charge, the
C8 atom has a flat configuration and short C8–N1 and C8–
N2 bonds (1.345 and 1.333 Å, respectively). Analogously,
because of the negative charge, the C7–O2 bond in 3b
(1.263 Å) is shorter than that in closed form 3a (1.338 Å).

It is logical to suppose that in solution the two isomers
should exist in equilibrium with each other. However, in
different solvents either closed isomer 3a or zwitterionic
isomer 3b was found. For example, in hexane, benzene, and
THF, compound 3 existed exclusively in closed isochrom-
ane form 3a, whereas in CD2Cl2 or CDCl3, only zwitter-
ionic form 3b was detected. The rapid exchange between
the two structural isomers (on the NMR time-scale) was
registered by 1H NMR spectroscopy at 20 °C in a benzene
solution containing about 20% chloroform.

Both isomers of compound 3 are stable in the crystalline
form. Closed isochromane isomer 3a is stable in hexane,
benzene, and THF even at 80 °C and shows no tendency
to decompose. However, the opening of the heterocycle in
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Figure 1. Crystal structure of 3a. Selected bond lengths [Å] and
angles [°]: C7–O1 1.211; C7–O2 1.338; C8–O2 1.494; C8–N1 1.448;
C8–N2 1.419, N1–C8–N2 112.54.

Figure 2. Crystal structure of 3b. Selected bond lengths [Å] and
angles [°]: C7–O1 1.237; C7–O2 1.263; C8–O2 distance 2.497; C8–
N1 1.345; C8–N2 1.333; N1–C8–N2 123.78; N1–C8–C9 118.03;
N2–C8–C9 117.39.

dichloromethane or in chloroform makes the structure of
zwitterionic isomer 3b unstable. In solution, it undergoes
an interesting quantitative irreversible rearrangement into
the third structural isomer 5 (Scheme 2). This process is
slow and takes about 20 h at room temperature. The X-
ray analysis of the new isomer revealed that zwitterionic
structure 5 contains a four-membered ring and an OH
group which resulted from the intramolecular addition of a
CH fragment of one of the isopropyl groups to the carbonyl
CO function (Figure 3).[5]

At first sight, the alternative direction of the intramolec-
ular cyclization of 3b leading to the less acidic CH bond
and less strained five-membered oxazolidine derivative 6
would be more preferable. The mechanism of the formation
of structural isomer 5 is likely to involve intramolecular hy-
drogen shift leading to azamethine intermediate 4 followed
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Scheme 2.

Figure 3. Crystal structure of 5. Selected bond lengths [Å], angles
[°], and torsion angles [°]: O3–H3 1.06(6); O2–H3 1.40(6); O2–O3
distance 2.450; C9–N1 1.307(4); C9–N2 1.325(4); O2–H3–O3
174.69; C8–O3–H3 98(3); C9–C8–C10 84.5(3); N1–C10–C8
86.3(2); C9–C8–C10–N1 4.9(2); C19–N1–C9–N2 13.8(7); C10–C8–
C1–C6 91.7(3).

by ring-closure. This process has something to do with the
recently reported transient formation of an azomethine
ylide from a stable aminocarbene.[6] The reason why the
strained four-membered ring is thermodynamically more
stable is not quite clear. At least partially, this is accounted
for by another interesting peculiarity of structure 5, namely,
by the abnormally short hydrogen bond between the hy-
droxy group and one of the carboxylic oxygen atoms
(O3···O2 intramolecular distance is 2.450 Å). The H3···O2
distance [1.40(6) Å] is equal to that of the shortest intramo-
lecular OH···O hydrogen bond known.[7] Thus, the O–H–O
triade is incorporated into the seven-membered cycle and
the whole molecule adopts a spirocyclic structure. It is inter-
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esting that the C8–O3–H3 angle inside the seven-membered
ring is unusually narrow (98° instead of 109.5°).

The 1H NMR spectrum of this compound in chloroform
displayed an unexpectedly low-field chemical shift of the
H(3) proton at δ = 13.03 ppm, which is even higher than
that of benzoic acid. This may indicate the partial delocal-
ization of negative charge on the O3 oxygen atom.

We believe that the insertion reaction described here can
be extended to other systems with a properly activated C–
O bond. Because of the relative accessibility of carbene 2,
the reaction may not only have a theoretical but also a prac-
tical interest.

Experimental Section
3: A mixture of phthalic anhydride (1; 0.5 mmol, 74 mg) and bis(di-
isopropylamino)carbene (2;[8] 0.5 mmol, 106 mg) in benzene
(0.5 mL) was stirred for 2 h at 20 °C until complete dissolution of
1 was observed. Benzene was evaporated, the residue was dissolved
in boiling hexane (2 mL), and the solution was left at –15 °C over-
night to give 3 as yellow crystals (yield: 144 mg, 80%). Crystals
suitable for X-ray analysis were grown from a hexane/Et2O solution
at –15 °C. M.p. 117–119 °C. 3a: 1H NMR (400 MHz, C6D6, 20 °C):
δ = 0.97 (d, 3JH,H = 6.84 Hz, 12 H), 1.15 (d, 3JH,H = 6.84 Hz, 12
H), 3.71 (sept., 3JH,H = 6.84 Hz, 4 H), 7.10 (m, 2 H), 8.02 (m, 1
H), 8.18 (m, 1 H) ppm. 13C NMR (100 MHz, C6D6, 20 °C): δ =
23.14, 23.52, 46.54, 115.41, 127.00, 129.5, 130.16, 133.07, 133.48,
134.16, 161.88, 187.36 ppm. 3b: 1H NMR (400 MHz, CDCl3,
20 °C): δ = 1.26 (m, 24 H), 3.98 (sept., 3JH,H = 6.84 Hz, 4 H), 7.35
(t, 3JH,H = 7.82 Hz, 1 H), 7.48 (t, 3JH,H = 7.82 Hz, 1 H), 7.73 (d,
3JH,H = 7.82 Hz, 1 H), 8.19 (d, 3JH,H = 7.82 Hz, 1 H) ppm.

5: A solution of 3 (0.03 mmol, 110 mg) in chloroform (0.7 mL) was
left at 20 °C overnight. The solvent was evaporated in vacuo, the
residue was heated at reflux in toluene (1 mL) for 5 min to give,
after cooling, 5 as a beige precipitate (yield: 92 mg, 84%). Crystals
suitable for X-ray analysis were grown from a CHCl3/THF solution
at –15 °C. M.p. 200–202 °C (dec.). 1H NMR (400 MHz, CDCl3,
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20 °C): δ = 0.99 (s, 3 H), 1.07 (d, 3JH,H = 6.84 Hz, 3 H), 1.17 (d,
3JH,H = 6.84 Hz, 3 H), 1.23 (d, 3JH,H = 6.84 Hz, 3 H), 1.33 (d,
3JH,H = 6.84 Hz, 3 H), 1.37 (d, 3JH,H = 6.84 Hz, 3 H), 1.49 (d,
3JH,H = 6.84 Hz, 3 H), 1.67 (s, 3 H), 3.86 (sept., 3JH,H = 6.84 Hz,
1 H), 4.31 (sept., 3JH,H = 6.84 Hz, 1 H), 4.33 (sept., 3JH,H =
6.84 Hz, 1 H), 6.66 (d, 3JH,H = 7.82 Hz, 1 H), 7.20 (t, 3JH,H =
7.82 Hz, 1 H), 7.24 (t, 3JH,H = 7.24 Hz, 1 H), 8.22 (d, 3JH,H =
7.82 Hz, 1 H), 13.03 (br., 1 H) ppm. 13C NMR (100 MHz, CDCl3,
20 °C): δ = 19.06, 19.90, 20.40, 20.54, 21.34, 22.90, 24.69, 25.66,
46.24, 51.54, 55.89, 86.28, 124.06, 128.11, 128.34, 134.48, 135.96,
139.22, 163.77, 171.14 ppm.
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