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Abstract—The photoadduct formed by photolysis of the [Bapa0, (pBzl)Phe5, Met(O2)11]SP/NK-1 complex localised within the
T173MP175 domain of the NK-1 receptor cannot be cleaved by CNBr on the C-side of methionine; an unusual rearrangement of
the intermediate sulfonium instead occurred. The reactivity of 1,1-diphenyl-2-methylsulfinyl ethanol 10 towards CNBr treatment
and the stability of the 1,1-diphenyl oxirane 14 were analysed by NMR and mass spectrometry. 1,1-Diphenyl ethylene 13 can be
formed from epoxide 14 even in slightly acidic conditions and during positive DCI/NH3 mass spectrometry analysis. Altogether,
these results suggest that if a covalent linkage between the [Bapa0, (pBzl)Phe5, Met(O2)11] and the NK-1 receptor occurred on the
C�H2 of methionine-174, CNBr treatment will lead to an epoxide/ketone and an ethylenic compound. © 2002 Published by
Elsevier Science Ltd.

The chemical cleavage of proteins by cyanogen bromide
is widely used as this treatment in acidic medium
(HCOOH/H2O) leads to disruption of a specific amide
bond only after a methionine residue. The iminolactone
2, obtained by intramolecular elimination of the sulfo-
nium 1, is subsequently hydrolysed into homoserine
lactone 4 in equilibrium with homoserine 5 (Scheme 1).1

We have used such a strategy to establish that the
specific covalent linkage obtained with a substance P
(SP: H-RPKPQQFFGLM-NH2) photoreactive ana-

logue, [Bapa0, (pBzl)Phe8]SP, localised within the
T173MPSR177 domain of the specific NK-1 receptor, has
occurred on the methyl of methionine-174 (Scheme
2).2–4 With the photoreactive analogue of SP modified
at position 5, [Bapa0, (pBzl)Phe5, Met(O2)11]SP,5 a
covalent linkage was shown to be in the same
T173MPSR177 domain of the NK-1 receptor after enzy-
matic digestions of the NK-1/ligand complex. Further
digestion of this pentapeptide linked to the SP analogue
restricted the domain to the tripeptide T173MP175.6

Scheme 1.
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Scheme 2.

Cyanogen bromide treatment of this T173MPSR177 frag-
ment (MH+ at m/z 590.19 measured, 590.29 expected)
specifically modified by [Bapa0, (pBzl)Phe5,
Met(O2)11]SP (MH+ at m/z 1859.90) led to the detection
by MALDI-TOF mass spectrometry of two specific
signals at m/z 2386.06 and m/z 2402.05. The ‘usual’
CNBr cleavage detailed in Scheme 1 did not occur. We
propose that the insertion of [Bapa0, (pBzl)Phe5,
Met(O2)11]SP into the NK-1 receptor has occurred with
this photolabelled analogue on the C�H2 of the
methionine-174 side chain (Scheme 3). Deseke et al.
have recently shown that N-acetylmethionine methyl
ester reacted selectively with benzophenone at the car-
bon atom adjacent to sulfur and the C�H2 addition
product is predominantly formed.

The steric hindrance at C� may explain the failure of
the ‘usual’ CNBr cleavage, instead, CNBr treatment led
to the sulfonium 7 which can evolve to the epoxide (or
ketone) 8 (MH+ at m/z 2402.05) and the ethylenic
compound 9 (MH+ at m/z 2386.06). Epoxide formation
may come from an intramolecular substitution and the
ketone from transposition of this epoxide. However, the
presence of the ethylenic compound 9 cannot be
explained by a concerted elimination (Wittig type) as

this mechanism prevalent with phosphonium has never
been evidenced with sulfonium derivatives.7

To support this hypothesis the model compound 10
mimicking the reaction product 6 of the para-benzoyl-
L-phenylalanine SP analogue linked to the C�H2 of the
methionine has been prepared from benzophenone and
di-methylsulfoxide.8,9 1,1-Diphenyl-2-methylsulfinyl
ethanol 10 has been reacted with CNBr (1 equiv.) in
HCOOH/H2O/THF (6/1.5/2.5). After extraction (usual
work-up), the crude mixture has been analysed by
NMR and DCI/NH3 mass spectrometry; all the data
are reported in Table 1. After 15 hours (conditions used
for the SP/NK-1 complex), the starting product 10 has
almost completely disappeared (4% remaining) and no
intermediate sulfonium was detected. The major com-
pounds detected by NMR are the dehydration product
of the starting material 11 and the demethylation
product 12 of the sulfonium intermediate by a nucle-
ophile, Br− for example. Besides 11 and 12, the
ethylenic compound 13 (3%) and trace amount (�1%)
of epoxide 14 were also found. All these products were
also detected by DCI/NH3 mass spectrometry; the
starting material 10 yields the dehydration product 11,
the ethylenic compound 13 leading to the major signal.

Scheme 3.
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Table 1. NMR and mass spectrometry analysis of the reaction products formed by CNBr treatment of 1,1-diphenyl-2-
methylsulfinyl ethanol 10

So, this first experiment proved that both an epoxide
and an ethylenic compound can be formed by reacting
with CNBr a model compound mimicking the ben-
zophenone-C�H2 methionine adduct 6.

Concerning the mechanism of formation of the epoxide
14, an intramolecular nucleophilic substitution of the
sulfonium intermediate should be the driving force,
even in acidic conditions. Did the ethylenic compound
come from a rearrangement of the sulfonium (Wittig
type) or from the epoxide 14? To answer this question
the reactivity/stability of the epoxide 14 was then stud-
ied. Epoxide 14 was prepared by reacting benzophe-
none with trimethylsulfonium iodide and sodium
hydride.10 Mass spectrometry analysis (DCI/NH3)
revealed that this pure epoxide 14 (NMR) yields three
protonated molecules: the epoxide 14 (both forms MH+

and MNH4
+) and the ethylenic compounds 13 (MH+ at

m/z 181) (Table 2). Thus, this experiment proved that
the ethylenic compound 1,1-diphenyl ethylene 13 can be
formed by pyrolysis from the epoxide 14 during mass
spectrometry analysis.

This ethylenic compound 13 can also be formed in
solution when epoxide 14 is reacted with CNBr in
HCOOH/H2O/THF (Table 2). With the conditions
used for the photolabelling studies (HCOOH/H2O/
THF), NMR analysis of the crude mixture, after
extraction and usual work-up, demonstrated that epox-
ide 14 was totally transformed into aldehyde 15 (�5%),
diol 16 (35%) and an addition product 17 (60%) which

must come from an opening of the epoxide by formic
acid. Mass spectrometry analysis confirmed the pres-
ence of these three species 15 (MH+, MNH4

+), 16
(MNH4

+), 17 (MNH4
+) and its dehydrated form 18

(MH+, MNH4
+). The presence of MH+ at m/z 183 and

MNH4
+ at m/z 200 in the crude mixture suggested that

the ethylenic compound 13 must have been formed in
solution and in situ reduced by formic acid into 1,1-
diphenyl ethane 19 (MH+ at m/z 183), which was not
identified by NMR representing probably less than 1%
in the crude mixture.

This experiment and the relative stability of the epoxide
14 during flash chromatography led us to finally study
its stability in slightly acidic conditions. So, a solution
of epoxide 14 let in CDCl3 in the presence of SiO2 at
room temperature, was analysed by NMR and mass
spectrometry. After 36 hours more than 50% of the
epoxide has been converted (NMR analysis) into alde-
hyde 15 (25%) and diol 16 (25%); the ethylenic com-
pound 13 was also present in solution (2%). After 1
week standing, epoxide 14 has completely been trans-
formed into aldehyde 15 (47%), diol 16 (47%), the
amount of 1,1-diphenylethylene 13 being always around
2%. Besides 15, 16 and 13, the addition product of
formic acid on the epoxide 17 was also identified (2%);
its formation can be explained by traces of phosgene
formed in CDCl3 and subsequent hydrolysis into formic
acid.11 Finally, after 1 month standing, mass spectrome-
try analysis showed that 15, 16, 17 and its dehydrated
form 18 were present; the ethylenic compound 13 has
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Table 2. Reactivity and stability of 1,1-diphenyl oxirane 14

been reduced by formic acid into 1,1-diphenylethane
19.

These experiments were designed to determine the reac-
tivity towards CNBr treatment of the addition product
6 described in Scheme 2. Altogether, these experiments
done with a model compound such as 10 demonstrate
that (i) the epoxide/aldehyde, 14/15, can be formed
from the model compound 10 when reacted with CNBr
in aqueous formic acid, (ii) epoxide 14 yields the
ethylenic compound 13 by pyrolysis during mass spec-
trometry analysis and (iii) the epoxide 14 can also yield
the ethylenic compound 13 even in slightly acidic
medium. The proportions of the compounds deter-
mined by NMR and mass spectrometry cannot be
compared. Indeed, relative intensities in mass spec-
trometry only reflect the capability of one molecule
versus another to be ionised and these results showed
that this potency is highly increased with 1,1-
diphenylethylene 13 compared to epoxide/aldehyde 14/
15.

These experiments with a model compound constitute
an indirect but convincing proof for the postulated
formation of a covalent photoadduct between [Bapa0,
(pBzl)Phe5, Met(O2)11]SP and the C�H2 of methionine-

174 within the T173MP175 domain of the human NK-1
receptor.
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