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Abstract

The photoinduced isomerization reaction in benzene solution from RNC to RCN was found to follow a free radical chain mechanism
where R represented —C(GH, —-CH(CH)2, —CHs, —CH,CHgz, and —CHCH,CHgz, respectively. The alkyl radical intermediates R. in
the isomerization reaction were detected by electron spin resonance (ESR) spectroscopy in combination with spin traps PBN and N
Initiation of the isomerization in condensed-phase can be explained by a homolytic bond breaking between R group and nitrogen ato
in the photo-irradiated isonitrile derivatives at room temperature. The products analysis by GC was also supported the conclusion of fre
radical chain mechanism. ©1999 Elsevier Science S.A. All rights reserved.
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1. Introduction Kinetic parameters in the isomerization reactions from
methyl isonitrile(CHNC) to acetonitrile (CHCN) and from
The isonitrile—nitrile isomerization [1,2] discovered in ethyl isonitrile (CHBCH2NC) to propionitrile (CHCH>CN)
1873 by Weith [3] is formally a ‘cationatropic 1,2-shiftt have been successfully investigated by means of Hel pho-
[4-6]. Owing to their noncatalytic nature, the isomerizations toelectron spectroscopy (PES) in our laboratory [15]. Sim-

of ilar experiments have been systematically conducted in the
L o- 4 CH3CH2CH,NC, (CHg)2CHNC and (CH)3CNC systems.
RN=C: >RC=N: Q) According to the results of the PES experiments and ab ini-

) o tio SCF MO calculations with STO-6G basis sets, we sug-
methyl and a few other S'mF_"e |s'on|t'r||e proyed to bt? excel- gested that there existed a tight hypervalent three-membered
lent model reactions for testing kinetic theories of unimolec- ¢ycjic transition state in the thermal isomerization reaction
ular gas-phase reactions [1], thermal explosions [7], and Vi- {rom RNC to RCN [16,17], belonging to typical a-shift
brational energy transfer [8]. Recently, the isonitrile as inser- 1 o_isomerization.
tion species on ligand in synthetic chemistry have received  However, a new mechanism concerning the free radical
particular attention [9-11]. In the process of isonitrile-nitrile  chain reaction of isonitrile—nitrile isomerization have been
isomerization, the_ chlral_ carbon in*Ryroup can retain the_ proposed in recent years [18-20]. First, Shultz et.al. in-
optical activity, which points the way out for the asymmetric yestigated infrared laser-induced isomerization reactions of
synthesis. As a result of prominent biochemical interest in methy| isonitrile and ethyl isonitrile in gas phase [18,19].
the intrinsic quality of the bond of the isonitrile compounds, Their results revealed that a radical channel existed in con-
many isonitriles that originate from the marine organisms jynction with the infrared laser-induced isomerization chan-
are the good broad-spectrum antibiotics [12-14] and have e in gas phase. In solution phase also there was a report of
the potential biological activity. Therefore, it is necessary 0 the free radical chain mechanism in the isonitrile—nitrile iso-
elucidate the mechanism of the isonitrule—nitrile isomeriza- nerization oft-alkyl isonitriles, in which the products and
tion reaction in detail. the kinetics of the rearrangement of isonitriles were quan-

titatively analyzed in the presence of free radical inhibitors
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In this paper, the free radical mechanism on the visi-
ble light-induced isonitrile—nitrile isomerization of a series
of alkyl isonitriles (CHNC, CH;CH>NC, (CHg)2CHNC,
CH3CH,CH2NC, (CHg)3CNC) in benzene solution has been
confirmed by spin-trap ESR and GC products analysis.

2. Experiments
2.1. Synthesis of RNC

Methyl isonitrile (CHsNC) and ethyl isonitrile (CHCH,-
NC) were prepared by the method of [21]. According to the
report on [22], the isopropyl and propyl! isonitrile were ob-
tained fromN-isopropylformamide anbl-propylformamide,
respectively. Tert-butyl isonitrile was purchased from the
Acros Chemical Company Inc. Purity of the synthesized
compounds were qualified by gas—liquid chromatography
and NMR ( better than 99.0% ).

2.2. Preparation of reaction mixture

Benzene of guaranteed reagent (GR) grade served as

the solvent. Spin-traps PBN and ND were synthesized
and purified by the method in literature [23] and [24], re-
spectively. Concentrations of isonitriles in all experiments
were 0.05mol/l in the reaction mixture and the concen-
tration of PBN is 0.01 mol/l. ND was saturated with ben-
zene. All the samples were bubbled by highly pure N
for 10 min to remove @ before irradiated at 535 nm and
the isomerization was proceeded under the protection of
N2 atmosphere. A 500 W medium pressure mercury lamp
coated by a water-jacket for preventing the thermal related
isonitrile—nitrile isomerization was operated as the radiation
source.

2.3. EPR measurements

A Bruker ESP-300 EPR spectrometer was used to mea-
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Fig. 1. ESR spectrum of radical spin adducts [PBNsHat room
temperature.

Table 1
The hyperfine coupling constants for free radical adducts of [PBN-R]
and [ND-RP

R [PBN-RJ’ [ND-R]*

an(G) an(G) aH(G) an(G)
CHs 2.20 13.92 - -
CHsCH; 2.16 13.80 - -
CH3sCH,CH, 2.09 13.90 - -
(CH3)>CH 2.13 13.94 6.89 13.78
(CHs)sC 2.13 13.96 - 13.68

3. Results and discussion
3.1. Spin trap

In order to elucidate the free radical chain mechanism in
the process of photoinduced alkyl isonitrile—nitrile isomer-
ization, PBN and ND were selected as spin traps to identify
the existence of the free radical intermediates. If there ex-
ists a radical chain initiation in the isomerization system,
the homolytic C—N bond cleavage will take place, and then
the nitroxide spin adducts [PBN-RpEnd [ND-RP can be
detected upon the addition of spin traps PBN and ND to
the photolytic RNC/benzene solution. The structural infor-
mation on nitroxide was confirmed by ESR instrument. As
shown in Fig. 1a 6 line ESR spectrum was obtained when
using PBN as a spin trap in GNC/benzene system.

Further observation indicated that as a typical ESR spec-

sure and evaluate the EPR spectra. All experiments were caryym of spin adduct [PBN-R]the hyperfine splitting pattern
ried out at room temperature. Standard settings for series ofyp, jts ESR spectra was independent of the molecular struc-

experiments were as follows: receiver gainss 20°, time
constant, 20.48 ms, sweep time, 83.89 s, modulation ampli-
tude, 0.5 G and microwave power, 12.9 mW.

2.4. GC measurements

Varian VISTA 6000 gas chromatography was applied to
analyze the products. A 25 m long OV-210 capillary column
was equiped, andHvas used as the carrier gas. The column
temperature was controlled to be°&D

ture of free radical Rso the only available information was
the variety of splitting constants with different [PBN*R]

that were listed in Table 1. Therefore, it is difficult to in-
fer the molecular structure of*Fonly on the basis of ESR

spectra of spin adduct [PBN-R]where R is alkyl radical.

For the sake of getting more information about tHa&d-
icals, we used another spin trap ND to determine the char-
acter of R radicals. ESR spectrum of 6 lines (Fig. 2a) could
be obtained when ND was chosen in (§$CHNC/benzene
system, which represented the ESR signal of spin adduct
[ND-CH(CHs)2]*. Its hyperfine constants aigy =6.89 G
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b

Fig. 2. ESR spectrum of radical spin adducts [ND-Bfroom temperature,
(@) R=-CH(CH)2; (b) R=-C(CH)s.

anday =13.78 G. Another ESR signal composed of 3 lines

(Fig. 2b) can be recognized as the spectrum of spin adduct

[ND-C(CHg)]* with ay=13.68G. Unfortunately, we did
not get ESR spectra for spin adducts of ND with £H
CH3CHy* and CHCH,CH,*, which might be interpreted

as the less stability of these three alkyl radicals comparing

with that of (CH;)>CH®* and (CH)3C*® radicals during the
isonitrile—nitrile isomerization.
Above results just indicate that the C—N bond breaks an

alkyl radicals are produced as a reactive intermediates in

the photoinduced isonitrile—nitrile isomerization. In other

words, on the basis of the results of spin trapping ESR ex-
periments, it can be concluded that a radical channel exists

in conjunction with the photoinduced isomerization channel
in condensed-phase at room temperature.

3.2. Products analysis

To confirm the conclusion that there exists a free radi-
cal chain mechanism in the photoinduced isonitrile—nitrile

isomerization reaction, we have designed another set ofp. + CN-R— R-CN+ R*
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Fig. 3. Chromatogram of the product analysis by GC in the reaction of
the light-irradiated benzene solution containing 8l€ and GHsl.

proved by our spin trapping-ESR experiments. The GC peak
with a retention time of 3.54 min indicated the existence of
CH3CH,CN in the solution of UV-irradiated mixture con-
taining CHsNC and GHsl. Standard value for the reten-
tion time of CHkCH,CN, tr = 3.54 min, was direct measured
under the same GC experimental condition from a mix-
ture composed of the commercial products of 3CH>CN
(100ul), CH3CH>l (100wl), CH3NC (100ul) and benzene
(300ul) (Fig. not shown).

Furthermore, analogous results for GC products analy-
sis of photo-induced isomerization of GEH,CH,NC and

(CH3)2CHNC were obtained in the presence ofHgl, and
d

the GC peak of the C§CH,CN species was similarly iden-
tified at each reaction system (Figs. not shown). In the light
of these observation together with the results drawn from
spin trapping-ESR experiments, a free radical chain mecha-
nism of photoinduced isonitrile—nitrile isomerization can be
formulated as follows:

CH3CHo—1 CHaCH,® + I @)
R-NCYR® + NC 3)
CH3CHa® + CN—R —> CHzCH,—CN + R® @)

(5)

gas chromatography experiments to analyze the products

of light-irradiated RNC. First, ethyl radical was introduced
to CHsNC isomerization system as a free radical initiator
by means of the UV irradiation of GMC/iodoethane so-
lution. Both CHCN, the normal isomerization product of
CH3NC, and CHCH,CN, the radical addition adduct from
CH3CH,* to CH3NC, should be detectable, if the proposal
for the free radical addition to methyl isonitrile is true in the
light-irradiated CHNC/CyHsl/benzene system.

The GC experimental results, as shown in Fig. 3, con-

R =CHz, CH3CH,CH> and CH(CI’&)}

The initial step of free radical chain reaction are presented
in the formulas 2 and 3 respectively, in which the evidence on
the formation of radical Ris confirmed by our spin trapping
experiments. Formulas 4 and 5 indicate the propagation of
radical chain. The observable proof in step 4 was directly
obtained from the GC experiments. It can be reasonable to
consider that the reactivity of GJ€H,* in step 4 is almost
the same as that of other alkyl radical$ iR step 5, where

vincingly supported the free radical chain mechanism as R =CHg, CH3CH>CH; and (CH)2CHo respectively, so that
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step 5in reaction scheme can be rationally deduced. It should [3] W. Weith, Ber. Dtsch, Chem. Ges. 6 (1873) 210.
also be mentioned that the product of step 2 and 4 were [4] J. March, Advanced Organic Chemistry, NY, 1985, p. 942.

detectable only upon the addition of @EH2l which was
used as a probe to confirm the role of the radicairkthe
radical addition reactions.

4. Conclusions

The photoinduced isonitrile—nitrile isomerization reaction

[5] G.W. Wheland, Advanced Organic Chemistry, NY, 1949, Ch. 12.

[6] T.H. Lowry, K. Schueller Richarson, Mechanismen und Theorie in
der organischem Chemie, Weinheim, 1980, Ch. 5.

[7] P.Q.E. Clothier, M.T.J. Glionna, H.O.J. Pritchard, J. Phys. Chem. 89
(1985) 2992.

[8] D.C. Tardy, B.S. Rabinovitch, J. Phys. Chem. 89 (1985) 2442.

[9] M. Bendix, M. Grehl, R. Frohlich, G. Erder, Organometallics 13
(1994) 3366.

[10] A. Bradford, E. Kristof, M. Rshidi, D.N. Payne, R. Puddephatt, D.
Sh. Yang, Inorg. Chem. 33 (1994) 2355.

in benzene solution at room temperature follows the free [11] C. Valero, M. Grehl, D. Wingbermuhle, L. Kloppenburg, D.

radical mechanism. In the course of the isomerization, the

C-N bond homolytically breaks and corresponding alkyl
radicals are produced as the reactive intermediates.
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