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Abstract

The synthesis of new amino Fischer-type carbene complexes 2a—d with amino-containing side chain is presented. The reaction of these
complexes with 2,4,6-triarylpyrylium salts gave the corresponding pyridinium salt 4a, 4c—e as expected from the initial attack of the free
amino group onto the pyrylium o-carbon. When using the 2,6-diphenylpyrylium salt, a y-addition of the amino group occurred, leading —
after an hydrogen migration and a ring opening step — to the new organometallic unsaturated aminoketone 5. Finally, the reactivity of
the diaminocarbene 2b with 2,4,6-trichloro-1,3,5-triazine has been investigated. The new triazine 6 bearing a ferrocenylaminocarbene

group was isolated.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

For analytical purpose, during the last two decades
various ways of derivatization of proteins with transition
organometallic complexes have been explored by reaction
of N-terminus function of aminoacid residue [1]. Recent
success in labelling BSA and lysozyme proteins thank to
alkoxy Fischer-type carbenes [2] have been achieved by
Jaouen et al. [3]. Water solubility of these complexes,
necessary for biological applications, has been improved
by incorporating oligoethyleneglycol/polyethyleneglycol
(OEG/ PEG) groups [4]. On the other hand, the reaction
of pendant NH, group of organometallic complexes with
C terminus function of amino acid, peptides or proteins
[5a,5b] has been less developed. Alkoxy Fischer-type car-
bene complexes undergo a facile reaction of aminolysis
with diaminoalkanes, leading to aminocarbenes bearing a
free amino function [6] (Fig. 1). As amines can be used to
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graft biomolecules, we tested the reactivity of the free nitro-
gen atom of these organometallic carbenes. Two heterocy-
clic target molecules, known for a long time for their high
affinity with primary amines, were chosen: pyrylium salts
[7] and 2,4,6-trichloro-1,3,5-triazine [8].

The reaction of pyrylium salts, including organometallic
ones, with the NH, group of the carbene complex could
allow the formation of new complexes containing pyridi-
nium ring. With trichlorotriazine, the successive substitu-
tions by aminocarbene groups could be expected [9]. As
the aminocarbene organometallic fragment may be compa-
rable to an amide function, we had in mind that the
obtained complexes could play the role of new receptors
for anions [10].

2. Results and discussion
2.1. Synthesis of diaminocarbene complexes (Scheme 1)

We initially investigated the condensation reaction of the
methoxy(phenyl)pentacarbonyltungsten carbene complex
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Fig. 1. Diaminocarbene complex.

1a (Scheme 1) with ethylene diamine. To prevent the forma-
tion of the bis-aminocarbene, the diaminoalkane was
wholly added to the cooled CH,Cl, or THF solution of
the carbene (—60 °C) as recognized by Sierra et al. [6] for
the synthesis of the chromium counterpart. The diamino
carbene 2a was isolated in 40% yield as a yellow solid.

The lack of formation of the bis-aminocarbene indicates
that the NH, group in 2a is less reactive towards 1a than
the amino groups of the diaminoalkane precursor. The
aminolysis reaction was extended without any experimental
modification to the y-methylenepyran Fischer-type carbene
1c [11] using ethylenediamine and 1,3-diaminopropane,
respectively. The new diamino heterocyclic carbenes 2c
(n=2, Scheme 2) and 2d (n = 3 Scheme 2) were isolated
in good yield as pale yellow solids. Finally, the diaminobi-
metallic carbene 2b containing a ferrocenyl group was
obtained from ethylenediamine and the ferrocenylcarbene
1b (Scheme 1) [12]. All the new compounds showed analyt-
ical and spectroscopic data in good agreement with their
structure. The presence of two characteristic N-H signals
in the '"H NMR spectra indicates that as expected, com-
pounds 2¢ and 2d were a mixture of two geometrical iso-
mers Z and E because of the double bond character of
the C-N bond [13]. For 2a and 2b, only one isomer was
detected.

2.2. Reaction of carbene 2 with pyrylium salts and 2,4,6-
trichloro-1,3,5-triazine

Having successfully synthesized a series of Fischer-type
carbenes bearing amino free group, we decided to investi-
gate their reactivity towards tri and disubstituted pyrylium
salts, and 2.4,6-trichloro-1,3,5-triazine. One of the most

interesting general reactions of pyrylium salts is the ready
exchange of oxygen atom for nitrogen atom in the pyry-
lium ring to form the corresponding pyridinium salt [14].
Due to the high electrophilic character of pyrylium ring,
the reaction with primary alkyl amines [15], aromatic
amines [15], aminoacids [15] and lysine residues of proteins
[7] proceeds under mild conditions, whatever the substitu-
ent borne by the pyrylium ring.

So the treatment of a solution of carbene 2a in degassed
THF at —60 °C for 1 h, then at room temperature for 12 h,
with 2,4,6-triaryl pyrylium salt 3a or 3e led, after elimina-
tion of the solvent under vacuum, to the new organometal-
lic carbene pyridinium salt 4a or to the heterodinuclear
pyridinium salt 4e, respectively (Scheme 3). The same
procedure allowed the formation of the organometallic
pyridinium salts 4¢ and 4d, from reaction between 2,4,6-
triphenylpyrylium tetrafluoroborate and the pyran amino-
carbenes 2¢ and 2d, respectively. It can be noted that the
organometallic pyridinium salt 4b was isolated in lower
yield (15%). In that case, unreacted pyrylium salt was
recovered from the reaction mixture.

Organometallic pyridinium salts 4 were isolated as yel-
low precipitates and characterized by the usual spectro-
scopic techniquecs: 'H, '3C NMR, FTIR, HRMS and/or
elemental analysis. NMR analysis showed that pyridinium
salts 4a and 4e were obtained as one isomer about the car-
bene carbon-nitrogen bond. Pyridinium 4d was obtained
as a mixture of Z/E isomers.

We next turned our attention to the reactivity of the
aminocarbene 2¢ with 2,6-diphenylpyrylium salt. As it is
repeatedly pointed out, 2.4,6-trisubstituted pyrylium salts
usually favor a attack by nucleophiles, whereas 2,6-disub-
stituted pyrylium cations frequently undergo vy attack
[15]. The formed 4H-pyrans undergo facile ring opening
under acidic influence in order to give unsaturated 1,5-
diketone [16]. However, the addition of primary amines
to the 4-free position of 2,6-disubstituted pyrylium salts is
rarely observed and pyridinium salt formation occurs.

Mixing the aminocarbene 2¢ and the 2,6-diphenylpyry-
lium salt in THF at low temperature (—60 °C) gave, after

H,N
H,N (CHy)y
OCH; -60°C to RT ©
(0C)sW . CHy, — o H/N xR (ZorE
R
N W(CO)s
R
n R Yield (%)
la Ph
1b  Ferrocenyl 2a 2 Ph 40
2b 2 Ferrocenyl 77

Scheme 1. Reaction of ethylenediamine with methoxypentacarbonyltungsten carbene complexes.
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Scheme 2. Reaction of diaminoalkanes with y-methylenepyran Fischer-type carbene complex 1c.
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Scheme 3. Reaction of diaminocarbene complexes with 2,4,6-trisubstituted pyrylium salts.

workup, the new unsaturated diaminocarbene 5 (72% yield,
Scheme 4).

The spectra data (NMR and IR) of 5 leave no doubt
about the proposed structure (Scheme 4). In particular,
the chemical shift value (Scheme 4) of the carbonyl carbon
(6Cy, = 188.6 ppm) determined by 2D 'H/'C NMR anal-
ysis and the stretching vibration band of the carbonyl
group (Uco = 1721 em™!) confirmed the ring opening
structure.

The formation of 5, under these experimental conditions
(—60 °C), is unprecedented in pyrylium and pyran chemis-
try. This complex likely results from an initial attack of the
amino group in 2¢ onto the Cy of the pyrylium salt. Such
an attack leads to a 4H-pyran. A 1,3-hydride shift leads

to a 2H-pyran and subsequent ring opening step gives the
final carbene 5 (Scheme 5).

Whereas the ring opening step is a well known process
in 2H-pyran chemistry [16,17], the 4H-pyran to 2H-pyran
isomerization is rarely observed (Scheme 5). Such a con-
version has been only reported by Oestensen and col-
leagues for 2,4,6-triphenyl-4 H-pyran and thiopyran [18]
and by Chen and Reynolds for the diethyl (2,6-diphenyl-
4H-thiopyran) phosphonate [19]. In the first case, the
1,3-hydrogen shift required heating in acetic acid. An inter-
molecular mechanism catalysed by the presence of a pyry-
lium cation, formed in the acidic medium by a
disproportionation reaction involving the 4H-pyran and
the corresponding protonated species, was suggested. In
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Scheme 4. Reaction of diaminocarbene complex 2¢ with 2,6-disubstituted pyrylium salt.
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Scheme 5. Suggested intermolecular mechanism for the formation of 5.

non-protic medium (boiling acetonitrile), isomerization of
the 4H-pyran required the presence of catalytic amount
of pyrylium salt. This confirmed the decisive role of pyry-
lium salt. On the other hand, for the thiopyranphospho-
nate isomerization, in boiling tetrachloroethylene
solution, Chen and Reynolds favoured the prevalence of
a sigmatropic rearrangement (intramolecular 1,3-hydrogen
shift).

In our case, the presence of 2,6-diphenylpyrylium salt in
the reaction medium, and the low reaction temperature are
in favour of an intermolecular mechanism as exemplified in
Scheme 5.

It can be noted that the first step of this process could be
kinetically favorized by an orbital interaction between the
lone pair of the nitrogen atom and the ¢* Molecular Orbi-
tal of the C—H bond.

Finally, we tested the reactivity of the ferrocenyl amino-
carbene 2b towards 2.4,6-trichloro-1,3,5-triazine. Mixing
triazine and the organometallic moiety (1/3 molar ratio)
in THF, at room temperature, for 1 h gave no reaction.
Then, heating the mixture under reflux for 1 h produced
the mono substituted organometallic triazine 6 as the
major product of the reaction (53% yield) (Scheme 6).

The structure of carbene 6 was confirmed by IR spec-
troscopy, elemental analysis and 'H, '*C and "N NMR.
In particular 2D "H/">N NMR correlation shows two char-
acteristic signals for the two nitrogen atoms of the -NH
groups at 6 = —286.0 ppm and 6 = —197.6 ppm. For 2b
the NH, and NH groups resonate at 6 = —367.3 ppm
and 0 = —186.7 ppm, respectively. Therefore, the signal
at —197.6 ppm for 6 was assigned to the NH carbene
group. In addition, '*C chemical shift values for the three
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Scheme 6. Addition of diaminoferrocenylcarbene 2b to 2.4,6-trichloro-1,3,5-triazine.

carbon atoms of the triazine ring of 6 (C%, C5: 170.8 ppm,
171.4 ppm and CJ: 166.8 ppm) determined by 2D 'H/'*C
HMBC NMR analysis, are in accordance with the pro-
posed structure.

3. Conclusion

We have synthesized and characterized a series of dia-
mino Fischer-type carbene complexes with pendant NH,.
These molecules can easily react with electrophile species
such as pyrylium salts or trichlorotriazine to lead to new
heterocyclic organometallic carbene complexes. This sug-
gests that these diamino carbenes could be good organome-
tallic markers for biomolecules.

4. Experimental

All operations were carried out under a nitrogen atmo-
sphere. Tetrahydrofuran (THF) was distilled from Na/ben-
zophenone under N,. Chromatographic purification was
performed with Silica Gel 60 (0.063-0.200 pm). NMR anal-
ysis were carried out using Briicker 400 and 500 MHz spec-
trometers. IR analysis were recorded on a Perkin—Elmer
Spectrum 1000 FT-IR spectrophotometer using KBr
plates. Mass spectroscopy and microanalysis were per-
formed by the Centre Régional de Mesures Physiques de
I’Ouest de I’Université de Rennes 1. 1,2-diaminoethane,
1,2-diaminopropane and 2,4,6-trichloro-1,3,5-triazine are
commercial products from Aldrich.

4.1. General procedure for the preparation of
diaminocarbenes complexes 2

An excess of 1,2-diaminopropane or 1,2-diaminoethane
(2.4 x 10> mol) was added to a cooled solution of the
methoxycarbene [11,12] (1.8 x 10~ mol) in THF or CH,Cl,

—60 °C. The yellow solution was stirred until the temper-
ature reached 0 °C. The solvent was removed under vac-
uum. The residue was washed with water and extracted
with diethylether. The solvent was eliminated in vacuo
and the products recrystallized from CH,Cl,/Et,0. The dia-
minocarbenes, were isolated in good yields as yellow pow-
ders (40-77%).

4.2. Procedure for the preparation of organometallic
pyridinium salts 4

Diaminocarbenes 2 (6 x 10~* mol) were diluted in 10 mL
of degassed THF. The solution was cooled to —60 °C and
2,4,6-trisubstituted pyrylium tetrafluoroborates (6 x 10~*
mol) were added. The orange solutions were stirred for
12 h at room temperature. Then, the solvent was removed
and the residue was recrystallized from CH,Cl,/Et,O to
give the corresponding pyridinium salts 4 in low to moder-
ate yields.

Selected spectroscopic data of organometallic pyridi-
nium salt 4a (Scheme 3):

35% yield, FTIR (KBr) o (cm™'): 3440, 3000, 2063,
1915, 1622, 1567, 1531, 1495, 1470, 1417, 1345, 1281,
1250, 1191, 1161, 1062, 878, 764, 703. 'H NMR (ace-
tone-ds, 500 MHz, 6 (ppm)): 3.58 (q, 2H, H., *J = 6 Hz),
519 (t, 2H, Hs, *J=6Hz), 649 (d, 2H, Hpy)
*J=17.5Hz), 7.30 (t, 1H, Hpy), J=7.5Hz), 7.38 (t,

2H, Hppay, J=8Hz), 7.60- 792 (m, 11H, thm,
th(z)), 8.24 (d, 4H, th(z), J SHZ) 8.43 (S
H},H}), 10.60 (s, 1H, Hs). *C NMR (acetone- d6,

125 MHz, 6 (ppm)): 49.4 (Cy4), 53.9 (Cs), 120.2 (Cpn(1))s
127.8 (Cpnc1y), 1294 (Cppy), 127.6 (C5,C5), 129.4
(Cph(2), 130.1, 130.4, 130.8, 136.0 (Cpn(1),Cpn(2)), 134.3
(C}), 151.0 (Cpp), 156.9 (CPh(y), 158.0 (C;,Cy), 198.8
(CO), 206.0 (CO), 262.6 (C,). MS m/z calcd. for (C+):
763.1429. Found: 763.1463.
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4.3. Procedure for the preparation of diaminocarbene 5

Aminocarbene 2¢ (3.1 x 107* mol, 200 mg) and the 2,6-
diphenylpyrylium tetrafluoroborate (3.1 x 10~* mol,
100 mg) were mixed in THF at low temperature
(=50 °C). The reaction mixture was raised to room temper-
ature. The solution was stirred during 12 h and then hydro-
lysed. The product was extracted with CH,Cl, and dried
over MgSQy,. The solution was concentrated under vacuum
and purified by flash chromatography using CH,Cl,as elu-
ent. Aminocarbene 5 was isolated as a yellow solid in 72%
yield (195 mg).

Main spectroscopic data of aminocarbene 5 (Scheme 4):

FTIR (KBr) 5 (cm™'): 3396, 3263, 2057, 1912, 1721,
1578, 1506, 1380, 1193, 1044, 768, 700. 'H NMR (ace-
tone-dg, 500 MHz, 6 (ppm) major isomer): 3.75 (s, 1H,
He), 3.97 (q, 2H, Hs, *J=4.5Hz), 448 (q, 2H, H,,
3J=5.5Hz), 590 (d, 1H, Hg, *J=12Hz), 6.52 (s, 1H,
H,), 6.77 (s, 1H, H; or H}), 6.82 (s, 1H, Hy), 6.83 (s, 1H,
H} or HY), 7.37-7.51 (m, 12 H, Hpy), 7.52 (d, 1H, Hy,,
3J=12Hz), 7.81-7.92 (m, 8H, Hpy), 10.25 (s, 1H, H3).
"H NMR (acetone-ds, 500 MHz, & (ppm) detected signals
of the minor isomer): 3.78 (q, 2H, Hs, *J = 4.5 Hz), 4.06
(q, 2H, Hy, *J=55Hz), 5.80 (d, 1H, Hg, *J =12 Hz),
6.46 (s, 1H, Hy), 6.71 (s, 1H, Hj or Hj), 6.81 (s, 1H, H;
or H}). ’C NMR (acetone-ds, 125 MHz), & (ppm): 44.0
(Cs), 55.0 (Cy4), 98.0 (Cs), 102.0 (C; or Cy), 108.0 (Cs or
Cy), 116 (Cy), 129.0 (Cy), 133.0 (Cy), 147.0 (Cyp), 155.0
(Cjor Ch,), 155.6 (C, or Cy), 159 (C7), 123-133 (CHpy),
139, 141 (Cqpp), 188.6 (Cyy), 199.5 (CO), 204.5 (CO),
242.0 (C,). MS m/z caled. for (C+): 873.1797. Found:
873.1805.

4.4. Procedure for the preparation of organometallic triazine
6

Ferrocenyl aminocarbene 2b (3.10 x 10~* mol, 180 mg)
and 2,4,6-trichloro-1,3,5-triazine (1.03 x 10~ mol, 20 mg)
were diluted in 10 mL of freshly distilled THF at room
temperature. The solution was then refluxed for 1 h. The
reaction mixture was allowed to cool to room temperature
and then poured into water. The product was extracted
with CH,Cl, and dried over MgSO,. The solution was con-
centrated under vacuum and purified by flash chromatog-
raphy with CH,Cly—petroleum ether 80/20. The mono
substituted organometallic triazine 6 was finally isolated
as a yellow powder (53% yield, 120 mg).

Main spectroscopic data of triazine 6 (Scheme 6):

FTIR (KBr) v (cm™'): 3258, 2060, 1964, 1888, 1598,
1547, 1229, 1106, 998, 847, 801, 740. 'H NMR (CDCl;,
500 MHz, § (ppm)): 3.99 (m, 2H, Hs3), 4.20 (m, 2H, Hy),
4.17 (s, 5H, H}), 4.52 (s, 2H, H)), 4.61 (s, 2H, H)), 6.56
(s, 1H, Hs), 9.08 (s, 1H, H,). 2D 'H/"°N NMR (CDCls,
500 MHz, & (ppm)): —197.6 (Ns), —286.0 (N,). *C NMR
(CDCl;, 125MHz, ¢ (ppm)): 40.6 (C4), 55.2 (Cs), 70.7
(C)), 72.2 (C}), 69.7 (C,), 93.3 (C)), 166.8 (C), 170.8
(CH), 171.4 (CY), 198.8 (CO), 202.4 (CO), 253.6 (C,). Anal.

Calcd. for ,;H;sNsOsClL,FeW: C, 34.65; H, 2.08; N, 9.62.
Found: C, 35.03; H, 2.28; N, 9.57%.
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