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Pyridine trapping of chlorocyanocarbene
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Abstract—Laser flash photolysis (308 nm) of precursor 3 releases chlorocyanocarbene which can be trapped with pyridine. © 2001
Elsevier Science Ltd. All rights reserved.

Recently, we have demonstrated that photolysis of
chloroester 1 efficiently produces carbene 2 and
indane.1 Diazirine precursors of 2 are not known,2

which prompted the use of a Jones3 type of precursor in
this system.

This encouraged us to synthesize 34 to study chloro-
cyanocarbene. Once again a diazirine precursor of 4 is
not known.2 Aryl cyano diazirines are known5 but they
are unstable at room temperature and are therefore not
convenient for laser flash photolysis studies. Chloro-
cyanocarbene has been observed in a cryogenic matrix
and its IR spectrum is consistent with a ground singlet
state.6 To our knowledge, ClCCN has not been previ-
ously generated in solution.

Precursor 36 was photolyzed (Ray-o-Net, 300 nm 10–
14°C, 12 h) in an NMR tube in cyclohexane-d12 con-
taining methylbenzoate as internal standard. The yield
of indane measured by NMR was 12%, which is also
the maximum yield of carbene 4 from this precursor.

Continuous photolysis (Ray-o-Net, 300 nm bulbs,
pyrex cells, 10–14°C, 16 h) of 3 (50 mM) in cyclohex-
ane, benzene and tetramethylethylene led to the com-
plete consumption of the precursor (determined by gas

chromatography7) and indane as the only significant
volatile product. Only trace (<1%) quantities of prod-
ucts with mass spectra consistent with adducts of
ClCCN and solvent trap were detected by GC–MS. A
few products were formed in �3% yield, but did not

have mass spectra that could be interpreted. As a result
of the inefficiency of the precursor and the low yield of
adducts formed, these products were not isolated and
characterized.

LFP (308 nm) of 3 (�max=276 nm, �276=1944 cm−1

M−1, �308=237 nm−1 M−1 in cyclohexane) in deoxy-
genated hexafluorobenzene, acetonitrile, cyclohexane
and CF2ClCFCl2 produced only weak transient signals.
The presence of oxygen in CF2ClCFCl2 had no effect
on the signal. If carbene 4 had a triplet ground state it
would surely react with oxygen to form a UV–vis active
oxide, but a transient spectrum consistent with this
species was not observed.

A broadly absorbing transient was observed (Fig. 1)
upon LFP (308 nm) of 3 in neat pyridine, which was
attributed to carbene–pyridine ylide 5. The transient
was observed in other solvents containing pyridine but
the rate of formation of the transient in all solvents was
faster than the time resolution (20 ns) of the spectrom-
eter even at the lowest concentrations of pyridine at
which the transient could be detected.* Corresponding author.
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Figure 1. Transient spectrum obtained upon LFP of 3 in pyridine at ambient temperature.

As predicted plots of 1/�A450 of ylide 5 versus 1/[pyri-
dine] are linear (inset Fig. 2) and division of the inter-
cept by the slope of such plots yields the ratio
kPYR/kSH[SH] (=kPYR �), where kPYR and kSH are the
absolute rate constants of reaction of carbene 4 with
pyridine and solvent (SH), respectively, and � is the
carbene lifetime in the solvent of interest in the absence
of pyridine.8 It is possible to estimate � values assuming
that kPYR=5×109 M−1 s−1. The value of kPYR for related

carbene 2 is 2.0×109 M−1 s−1 in CF2ClCFCl2.1 These
values are listed in Table 1.

It seems clear that carbene 4 has greater bimolecular
reactivity then analog 2, which has a lifetime of 114 ns
in CF2ClCFCl2.1 Singlet carbene ester 2 is non-planar.
This allows the filled hybrid orbital of the carbene to
interact with the �* system of the carbonyl group. Lone
pairs of electrons on the carbonyl oxygen of 2 are now

Figure 2. Transient absorption at 450 nm produced by LFP (308 nm) of 3 in cyclohexane as a function of pyridine concentration
at ambient temperature. Inset: a double reciprocal treatment of the data.
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Table 1. A summary of data obtained from plots of
1/A450 versus 1/[pyridine] assuming that kPYR=5×109

M−1 s−1

Solvent �(ns)kPYR �

CF2ClCFCl2 57285
c-C6H12 13.6

14.3c-C6D12

C6H6 0.21.1
0.030.14CH3CN

10,10�-dichloro-tricyclo[4,3,1,01,6]3decadiene-2,4 (0.42 g, 2
mmol) in dry THF (1.8 mL) and dry ether (1.8 mL), which
were freshly distilled from benzophenone ketyl. The mix-
ture was stirred for 0.5 h at −78°C, then transferred
through a cooled (−78°C) needle into a solution of tosyl
cyanide (0.446 g, 2.3 mmol) in dry ether with stirring at
−78°C. The mixture was stirred with cooling by a dry
ice–acetone bath for 45 min, then poured into water (25
mL) and extracted with ether (2×10 mL). The combined
organic extracts were washed with water (4×10 mL), dried
over sodium sulfate, decolorized with charcoal and evapo-
rated. The product was crystallized from isopropyl alco-
hol, yield 0.21 g (52.5%), colorless solid, mp 104–106°C:
1H NMR (500 MHz, CDCl3) � 1.78 (m, 2H), 2.17 (m, 2H),
2.47 (m, 2H), 5.91 (dd, J=7.2, 2.6 Hz, 2H), 6.22 (dd,
J=7.2, 2.6 Hz, 2H); 13C NMR (125 MHz, CDCl3) � 22.50,
28.64, 34.27, 50.17, 117.42, 122.74, 126.22; �max 276 nm;
IR, cm−1 (microcrystalline film) 2983, 2951, 2934, 2229,
1444, 1307, 741; EI MS m/z (rel. intensity) 191 (M+, 16),
181 (5), 165 (21), 163 (56), 156 (100), 140 (9), 128 (45), 117
(20); HRMS calcd for C11H10N35Cl 191.0502, found 191.
0499. The structure of 3 was confirmed by X-ray crystal-
lography.
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disposed to coordinate with the empty p orbital of the
carbene.9

This stabilizing interaction is absent in 4, hence its
greater reactivity. The cyano group is more electron
withdrawing than carbomethoxy and this factor may
also increase its reactivity.
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