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Abstract—Pyrylium ions are useful reagents to selectively modify the amino group of protein lysine residues. This property was exploited
here to label proteins with chromium tricarbonyl complexes in the form of 4-benchrotrenyl pyridinium ions. Kinetic studies of the reaction of
a series of benchrotrenyl pyrylium salts with water antlutylamine were performed and revealed that the overall reactivity of these
compounds was highly dependent on their substitution pattern. These compounds could find application in protein X-ray crystallography.
© 1999 Elsevier Science Ltd. All rights reserved.

Introduction is studied and compared to that of two related 4-benchro-
trenyl pyrylium salts? and3 (Fig. 1).

Pyrylium ions are heterocyclic aromatic compounds that
have been shown to react in a specific manner and underdn a preliminary attempt for the use of organometallic
very mild conditions with protein amino groups by pyrylium ions as heavy atom reagents, we performed
exchange of oxygen to nitrogen to form positively charged the labelling of a model protein, namely bovine serum
N-substituted pyridinium adducts.We have recently  albumin (BSA), with the three 4-benchrotrenyl pyrylium
described the preparation of a series of pyrylium salts, salts in aqueous solution and observed a different behaviour
substituted at thg position by a ferrocenyl, a cymantrenyl, of these reagents in relation to their different structural
a benchrotrenyl or a cyclopentadienyl rhenium tricarbonyl pattern.
fragment’ Moreover, the reactivity of the manganese and
the rhenium derivatives with model amines and two proteins
at basic pH has been exploréd. Experimental

We thought that this family of compounds could be poten- Preparation of the organometallic pyrylium sdlt was
tially attractive reagents for the introduction of heavy atoms carried out under an argon atmosphere using conventional
into protein crystals, in the course of protein three-dimen- Schlenk techniques. Pyrylium salsand 3, pseudobases
sional structure determination by X-ray crystallography. and6 andN-butylpyridinium salts8 and9 were synthesised
Actually, preparation of heavy metal derivatives is required according to literature proceduréSolvents were dried and
for crystallographic phases determination, when using for distilled according to standard procedurt$ NMR spectra
instance the multiple isomorphous replacement (MIR) were recorded on a Bruker AC 200 spectrometer operating
method? To date, the selection of suitable heavy atom at 200 MHz. Infrared spectra were recorded on a Bomem
compounds is still often a trial-and-error process partly MB100 FT-spectrometer in a 1 mm-pathlength gaficro-
because of the lack of selectivity of the available reagents cell (Spectratech). UV-visible spectra were recorded on a
for particular protein sites. Safas uv/mé spectrophotometer. Bovine serum albumin

(crystalline grade) was purchased from Serva. Citrate—
We describe herein the preparation under mild conditions of phosphate (0.1 M, pH 4, 5 and 6), phosphate (0.1 M, pH 7)
[2,6-diphenyl-4-benchrotrenyl pyrylium]BF1. lts beha- and borate (0.1 M, pH 8 and 9) buffers were prepared from
viour towards nucleophiles such as water artgutylamine double-distilled water.
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Abbreviations Bct, benchrotrenyl; BSA, bovine serum albumin; CR, . .

coupling ratio; CY, coupling yield; EHMO, extended kel molecular [2_,6-Dlphenyl-4-_benchrotrenylpyryhum]BF4 1. To a
orbital; MIR, multiple isomorphous replacement. mixture of triethylorthobenzoate Cr(CQ) (636 mg,
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6 R! = R4 = Me¢, R2 R3 = CH,-CH,-Bct 9 RIR? = Bct-CHy-CHy, R3 = R4 = Me, X = PFg
Figure 1.

2 mmol) obtained by thermolysis of commercially available
triethylorthobenzoate and Cr(CQ)n dibutyl ether/THF
mixture and 1l-phenyl 1-(trimethylsilyloxy)ethylene
(400 mg, 2.1 mmol) in CKCl, was added BKEt,0)
(0.58 mL, 3.8 mmol) at @. The solution was magnetically
stirred for 1 h, diluted with diethyl ether and filtered to give
the blue-green solidl (510 mg, 51%)'H NMR (acetone-g

8 in ppm/TMS) 8.95 (2H, s, H pyrylium) 8.57 (4H, dt,
3,=6.8,3,=1.7, H, Ph) 7.85 (6H, m, R, Ph) 7.24 (2H, d,
J=6.5, H, Bct) 6.45 (1H, tJ=6.4, H, Bct) 5.94 (2H, tJ=7,
Hm Bct). IR (MeCN, v in cm™Y) 1984, 1923 (€O0).
UV-visible (MECN, A nax in NM, € in L mol~*cm™) 602,
4500.

Pseudobase 4Pyrylium salt1 (400 mg, 0.75 mmol) was
dissolved in an acetone:water 4:1 mixture andCRx
was added. The solution turned red. After hydrolysis,
extraction with diethyl ether, and purification by prepara-
tive TLC, compound4 was isolated as an orange solid
(248 mg, 71%)H NMR (CDCls;, 6 in ppm/TMS) 8.10
(2H, d,J=7.4, H, Ph—CO-GC) 7.95 (2H, d,J=7.5, H,
Ph—-CO) 7.53 (6H, m, H,—Ph) 5.67 (2H, dJ=6.1, H,
Bct) 5.50 (1H, t,J=5.9, H, Bct) 5.38 (2H, t,J=6.1, H,
Bct) 4.66 (2H, s, CH). IR (CH,Cl,, v in cm™%) 1968,
1893 (G=0) 1689, 1659, 1599 (€0, C=C). UV-
visible (MeCN, Amax in NM, € in L mol tecm™) 442,
3500.

[N-Butyl-2,6-diphenyl-4-benchrotrenylpyridinium]BF 4
7. To a blue solution ofL. in CH,Cl, (140 mg, 0.26 mmol)
was added an excess ofbutylamine. The red solution
was diluted with diethyl ether and the pyridinium salt
7 precipitated as red crystals (120 mg, 80%) NMR
(CDsCN, 6 in ppm/TMS) 7.99 (2H, s, H pyridinium)
7.70 (10H, s, Bmp Ph) 6.31 (2H, dJ=6.8, H, Bct) 5.90
(1H,1,J=6.7, H, Bct) 5.69 (2H, tJ=6.7, H, Bct) 4.28 (2H,
m, NCH,) 1.37-0.77 (4H, m, CH-CH,) 0.40 (3H, tJ=7.0,
CH3). IR (CH)Cl,, v in cm™7) 1980, 1907 (&O) 1619
(C=C). UV-visible (MeCN, Amax iIn nm, € in
L mol~*ecm™%) 487, 3000.

Physico-chemical studies

'H NMR study of the reaction of 1 with butylamine.
Compound 1 (11 mg, 0.02mmol) was dissolved in
0.75 mL of CD,CN. Butylamine (0.004 mL, 0.04 mmol)
was added with a micropipette. The solution turned dark
orange immediately. ThéH NMR spectrum was recorded
immediately, then after 18 h.

IR and visible studies of the reaction of 1, 2 and 3 with
butylamine. A fresh 0.01 M solution ofl. was prepared in
MeCN. A stock 0.02 M solution of butylamine was prepared
in MeCN. For visible spectroscopic studies, 0.01 mL of
each solution were mixed and volume was brought up
to 1mL with MeCN or CHC} ([Usna=1x10"*M;
[N-BuNH,]ina=2x10"*M). The same procedure was
applied for compound® and 3. For IR studies, 0.1 mL
of each solution were mixed and volume completed
to 1mL with MeCN or CHC} ([Usna=1x10"3M;
[n-BuNH,]=2x10"3M).

Hydrolysis of 1, 2 and 3.Fresh 0.01 M solutions of, 2
and 3 were prepared in MeCN. To 0.01 mL of pyrylium
solution were added 0.99 mL of buffer pH 4, 5, 6, 7 or 8
([pyrylium]na=1x10"* M), except forl for which 0.7 mL

of buffer were added to 0.01 mL of pyrylium solution and
0.29 mL of MeCN. Absorption monitoring at 55@ &nd3)

or 600 nm () was immediately started.

Reaction of BSA with 1.To 0.9 mL of a 50uM solution of
BSA at pH 9.0 was added 0.1 mL of 10 M solution of
1in MeCN (L:protein ratie=2:1). Reaction was monitored
by visible spectroscopy.

Labelling of BSA with pyrylium salts 1, 2 and 3

Solutions of BSA (3.3 g/L) were prepared in buffers of pH
ranging from 5 to 9. The exact concentration was measured
spectroscopically ébgy = 35, 700). Fresh 0.01 M solutions

of pyrylium saltsl, 2 and3 were prepared in acetonitrile. To
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Scheme 1Preparation of complek.

0.45 mL of protein solution was added 0.05 mL of pyrylium the expected organometallic pyrylium salt, together with
solution (initial [pyrylium]/[proteinf-20). Mixtures were other uncharacterised products.
stirred for 24 h at room temperature and protein conjugates
were purified by dialysis against 10 mM NYHCO;. Sample To circumvent this problem, we decided to test an alterna-
protein concentration was measured by a standard colori-tive route based on the second strategy. As the reaction of
metric assay. Sample pyridinium concentration was orthoesters with carbonyl compounds in the presence of
measured by visible spectroscopy taking compoundd Lewis or Brgnsted acids, is a general and inexpensive
and 9 as standards efgs(7)=2,400, €440(8)=3,400Q, route to 2,6- and 2,4,6-substituted pyrylium salts, we tried
€462(9)=4,100 in H,O/MeCN 99/1). Coupling ratios CR  to obtain1 by heating a mixture of triethylorthobenzoate
and the coupling yields CY were deduced from these chromium tricarbonyl complex, acetophenone and; BF
measurements. acetic anhydride. In these conditions, pyrylium ring
formation occurred but was accompanied with decomplex-
ation probably because of the rather harsh reaction con-
ditions chosen, leading to 2,4,6-triphenylpyrylium shlt
Results and Discussion (Scheme 1).

Synthesis of pyrylium salt 1 We found that the use of the more reactive silyl enol ether of
acetophenone allowed milder reaction condition¥C((n

To prepare organometallic derivatives of pyrylium salts, one CH,CI,) and led to the expected compléxin good yield

can envisage two strategies. The first one requires incor-(Scheme 1). To our knowledge, the use of silyl enol ethers in

poration of the organometallic fragment into an oxygenated pyrylium synthesis is unprecedented and could facilitate the

heterocyclic derivative, while the second one involves synthesis of unstable pyrylium salts.

building of the heterocycle onto an organometallic complex.

In the past, we applied the second route to prepare several 4-

benchrotrenyl-2,6-dimethylpyrylium salf8 Using the first Reaction of 1 with butylamine in organic solvents

approach, we have recently achieved the synthesis of the

first non-metallocenic pyrylium salfsSynthesis of [2,6- The mechanism of the pyrylium—pyridinium conversion has

diphenyl-4-benchrotrenylpyrylium]BFL was first tried by been thoroughly studied (Scheme®2).

the Milaev method, which belongs to the first stratégy.

However, treatment of 2,6-diphenylpyrylium tetrafluoro- Addition of the amine occurs at positions 2 and 6 and yields

borate with benchrotrenyl lithium, followed by the addition the first intermediate 2-pyran which generally has a very

of trityl cation, led in our hands, to only a small amount of short life-time. This ring spontaneously opens to lead to the

S H-0 2 RNH2
| == + RNH3X
- HX NHR

O "OH
“ pyryhum 2H-pyran
OMOH 1
oxodienol
1L RNH O slow -H,Y0 ]
Y = < " Ol
HO N |
|
HyO b
pscudobase RHN
imino-enol pyridinium

divinylogous amide

Scheme 2General mechanism of the reaction of pyrylium ions with primary amines.
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Table 1. Spectroscopic data of the divinylogous amide resulting from the reactigéwith n-butylamine

Compound 8 in ppm/TMS (CRCN) Vmax (€M™ Y) (MeCN) Amax (NM) (€, cm ™M ™% (MeCN)

Ph 7.94 (2H, dJ=7.5, H, Ph—CO) 1962, 1885 (CO) 453 (12800)

7.51 (3H, s, by Ph—CO) 1640 (CO)
o 7.18 (5H, S, Kmp Ph—C=C)

6.60 (1H, s, H)

Bet Hs 5.70 (2H, d,J=6, H, Bct)

5.45 (1H, s, H)

5.31 (1H, t,J=6.2, H, Bct)

5.15 (2H, t,J=6.3, Hy Bct)

3.77 (2H, br q, NH-El,)

1.70-0.9 (7H, m, Ck-CH,—CHy)

Hj

BuNH Ph

second intermediate divinylogous amide which is usually as indicated by the good resolution of the spectrum (vinylic
more stable. This divinylogous amide tautomerises into an protons give narrow singlets).

imino-enol which rapidly cyclises into the pyridinium.

Tautomerisation has been shown to be the rate-determiningAfter 18 h, the®H NMR spectrum of the solution revealed
step with aliphatic amine$Concurrently, the pyryliumion  the presence of only two species, namely pyridinitiand
and divinylogous amide can convert into a diketone (also n-butylamine and no trace of pseudobdséndicating that
called pseudobase) in the presence of water. the conversion of pyryliun to pyridinium7 was complete.

Upon addition of 2M equiv. ofi-butylamine to a solution of ~ The formation of N-butyl-4-benchrotrenyl-2,6-diphenyl-
pyrylium ion 1 in CD3;CN, the solution turned immediately  pyridinium 7 was also monitored in the mid-IR and the
to yellow-orange then slowly to red. After 15 min, tfe visible spectral ranges. In the 1800-2200 ¢nregion,
NMR spectrum of the reaction mixture revealed the two vco bands at 1969 and 1900 chhwere immediately
presence of three species, namelyutylamine, pyridinium detected after mixingl and n-butylamine in chloroform
7 (in a weak proportion) and a third compound which was (Fig. 2A). These bands disappeared within 50 min while
not readily identified. Chemical shifts and multiplicities for ~two othervcobands at 1981 and 1914 ¢hsimultaneously
this compound are reported in Table 1, together with other appeared. In the visible range, an absorption maximum at
spectroscopic data. 442 nm was detected immediately after mixihgnd butyl-
amine. The conversion of this intermediate7tavas char-
Chemical shifts of the benchrotrenyl group at low field acterised with simultaneous bathochrome and hypochrome
indicated that this compound was a neutral species. Theeffects with a final absorption maximum at 485 nm (Fig. 2B).
presence of two vinylic protons at 6.6 and 5.45 ppm was A similar behaviour was noticed in MeCN but took place
consistent either with the divinylogous amide or imino-enol over a much longer time. Interestingly, the formation of the
forms. Three groups of aromatic protons were observed in divinylogous amide was instantaneous in both solvents.
the 7—8 ppm region, in particular a doublet for two protons
at 7.95 ppm, characteristic of protons in ortho position of Kinetics of transformation ofl+n-butylamine into7 was
aromatic ketones (like acetophenone). In contrast, the monitored at 442 nm (in CHG) or at 453 nm (in CHCN).
phenyl protons of phenylmethyl-methyl imine appear at  In all cases, kinetic data were consistent with a first order
7.5 ppm?® In conclusion, it seems most probable that the reaction rate. Rate constattgsare reported in Table 2 and
intermediate detected b{H NMR was the divinylogous  compared to those of the two related 4-benchrotrenyl pyry-
amide. Moreover, at room temperature there seems to belium salts2 and3 and of [2,4,6-triphenylpyrylium]BEF 10
only one conformer out of the several possible conformers, calculated from the data reported by Katritzky and Mafzo.

1981 1914 A 12
50 min N B
40 min N~ __| ‘
30 min N~ S os!

20
20 min /\/‘\‘_ﬂ, 2 06}
15 min j\/‘\_’_ ,2
10 min A Y A < %
5 min 0.24
- 9 1900
1 min 0 . . . . n ‘
2200 2100 2000 1900 1800 300 350 400 450 500 550 600 650 700
wavenumber / cm’! wavelength / nm

Figure 2. (A) IR study of the reaction of (1 mol) with butylamine (2 mol) in CHGI (B) UV-visible study of the reaction df (1 mol) with butylamine
(2 mol) in CHCB.
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Table 2. Reaction of pyrylium ions (1 mol) with butylamine (2 mol);
kinetic data

Compound 10kops (s Reference
CHCl, MeCN

1 10 0.58 This worR
2 nd Instantaneous This wdtk
3 nd 68 This work
10 4.72 0.32 15

aAt 20°C.

b At 25°C.

©At 25°C, calculated from the published values of %36 4 and
0.2x10™*s™* (correction factor: 1.6) to take into account that,Bfvas
the counter-anion instead of CJO

Rate of formation off was roughly twice as high as that of
N-butyl-2,4,6-triphenylpyridinium. A strong solvent effect
was observed for the rate of reaction bfand 10 (rates
approximately 15 times faster in CHCIhan in MeCN).
This indicates that the rate-determining step is identical in
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stability in water. Hydrolysis of pyrylium ions shows a
pseudo-first order kinetics, and pH-dependkpt values
have been measured. Rate constapfis the sum of the
pseudo-first-order constant of formatién of pseudobase
and k, of its reversion to pyrylium (Eq. (1)). The rate
constants of the forward and the reverse reactigrsdk,
can be calculated by applying the following empirical equa-
tions:

Kops=Ks +k; 1)
K=K/, )
k=(1/(1+1/K))Kops 3

The behaviour of pyrylium iorl in water was studied by
visible spectroscopy. In the range of pH studied (from 4 to
8), fast and complete conversion bto pseudobasé was
observed, as evidenced by comparison of the UV-visible

the uncomplexed and complexed series. This rate-determin-Spectrum of the aqueous solutions at infinite time with that
ing step is accompanied by a conformational Change from of authentic4. The conversion Obeyed first-order kinetics

an scis, stransto an seis, s<cisconformation. The Cr(CQ)
fragment could destabilise thecss, strans conformation
because of sterical constraints, inducing an increasg,of
This effect is nevertheless modest.

Much more noticeable was the effect of the nature of the
substituents on the pyrylium ring. Hence, the rate of forma-
tion of 8 resulting from the reaction & with n-butylamine
was comparatively very fast (Table 2). The lower steric
crowding brought by the two methyl groups in positions 2
and 6 and the resulting decreased conjugation of tbis, s-
sdrans form could favour the isomerisation incss, sCis
and therefore cyclisation. Addition of a GHCH, bridge to

2 to give 3 decreased the rate of reaction, which could be
due to an increase of the steric crowding in the transition
state.

Behaviour of pyrylium ions 1, 2 and 3 in agqueous
medium

Hydrolysis studies of pyrylium salts at different pH is well-
documented?*3In aqueous medium, pyrylium ions equili-
brate with their pseudobase viddzyran and oxodienol

intermediates (Scheme 2). The overall pyrylium—pseudo-

and rate constantg,sare reported in Table 3 together with
those of pyrylium ionl0.

It appears that, in the range of pH studied, uncomplexed
pyrylium ion 10 appears kinetically more resistant than

to attack by water. It has been established that the rate-
determining step of the pyrylium/pseudobase inter-conver-
sion was the oxodienol to diketone converstdhin this
viewpoint, it means that the conversion to diketone is
slightly favoured in the case df This could be related to
the electron-withdrawing property of the Cr(G@youp that
may enhance the acidity of the enol and favour conversion
to the ketonic form (for a discussion on the electron-with-
drawing effect of the Bct group, see Ref. 14). Previous
experimental and theoretical studies in the phenylpyruvic
acid (Ph—CH-CO-COOH) series showed that the Bct
fragment destabilised the enolic system in alpha by altera-
tion of the conjugation between the aromatic ring and the
enol double bond?

A pK,' of 4.4 was measured for the 2,4,6-triphenylpyrylium
ion/pseudobase equilibriufi® This relatively good
stability of 10 in water was explained by the mesomeric
effect of the phenyl substituents which stabilises the
pyrylium ring. Conversely, total conversion d@fto 4 in

base equilibrium is pH-dependent and characterised by anthe same range of pH seems surprising since the CgCO)

apparent dissociation constark,/=[pseudobase][H]/
[pyrylium]. This constant is a measurement of pyrylium

Table 3. Hydrolysis of1, 2, 3 and10 at 20C (kinetic parameters)

fragment has long been known to stabilise positive charges
at the benzylic position® In the pyrylium series, we have

18 10° 2¢ 32
PH  Kkops(Min™)  Kkops(Min™Y (pH)  kops(Min™) ke (min™)  k (min™) K kops(MIN™)  k(min™)  k (min™) K
41 02 0.01 (4.28) 0.045 0.033 0.012 28  nd. n.d. n.d. n.d.
51 027 0.075 (4.90) 0.32 0.32 - 0.003 0.0008 0.0022 0.36
6.1  0.47 2.04 2.04 - 0.027 0.019 0.008 2.31
70 064 0.148 (7.34) 6.07 6.07 - 0.14 0.14 -
81 167 0.39 (8.04) fast - - 0.73 0.73 -

21n H,O/MeCN 7/3.
b Ref. 13.
°In H,O/MeCN 99/1.
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shown bylH NMR and EHMO calculations, that enhanced Table 4.Reaction of BSA with pyrylium salt$, 2 and3 (measurement of
delocalisation of the positive charge occurred from the the coupling ratio CR and the coupling yield CY; reaction conditions: see
pyrylium ring to the Bct fragmer® The lower stability of S22

1 in water could be explained by the nature of the medium. pH
In the constraint molecul&, the presence of the Cr(C9)
fragment could disturb the solvation of the pyrylium ring by 51 6.1 7.0 81 9.0
water. To partly prevent this desolvation procesgould 1
adopt a conformation in which the benchrotrenyl and pyry- [Bsa] (uM) 28 26 41 38 53
lium rings are less conjugated and could contribute to an [pyridinium] (uM) 55 137 326 399 847
overall destabilisation of the complexed pyrylium in water. €R* 1.9 5.3 8.0 18.4 16.0
However, complementary work, including determination of CY (%) o 24 36 84 &
activation parameters would be necessary to fully under- gsaj (um) 37 50 64 53 46
stand this difference of stability. [pyridinium] (uM) 294 350 443 497 420
CR 8.0 7.2 6.9 9.4 9.2
For comparison purposes, we also studied the behaviour ofCY (*) 38 35 48 47 45
the two other 4-benchrotrenyl pyrylium iorsand 3 in [BSA] (M) 42 48 58 64 60
water in the same range of pH. Compougdwith two [pyridinium] (M) 227 217 385 502 422
methyl substituents in positions 2 and 6, showed complete CR 5.5 45 6.6 7.8 7.0
conversion to5 at pH 5 and above, as evidenced by the CY (%) 26 22 33 39 34
visible spectrum of the final species. At pH 4.1, approxi-

mately 26% of pyrylium ion2 remained at equilibrium bgsz%g&g‘;fﬁ;yﬁ,s[g‘]gl)mmlX100_

(K=[5]/[2]=2.8), indicating that hydrolysis was a reversible ¢ ([2J/[BSA))inta=14.
process as previously noticed. Partial reverse conversion of
pseudobasB to pyrylium ion2 was indeed observed at pH
4.1 with a first-order rate constamt,s of 0.034 min % protein, is a very convenient model to study amine-reactive
Kinetic data of the hydrolysis a® were consistent with a  protein labelling agents because of its rather high content in
first-order reaction rate and rate constakig are also lysines (59). The reaction of BSA at pH 9 with 2 M equiv. of
reported in Table 3. At pH 5 and above, hydrolysisf 1, (30:1 amine:pyrylium molar ratio), was monitored spec-
was faster than that df, probably because of the presence troscopically. Immediately after mixing both compounds,
of the two methyl substituents instead of the bulky phenyl the solution turned yellow-oranger =471 nm). This
groups. was followed by a shift towards the high wavelengths within
7 h, together with a hypochrome effect, very similar to what
The third pyrylium salt studie8 also possesses two methyl had been observed during the reactionlofvith n-butyl-
substituents in positions 2 and 6 and an additional amine (Fig. 2B). The maximum of absorption reached
cyclohexyl ring at positions 4 and 5. Although it is very 484 nm, which was very close to that af This conversion
close in structure t@, its behaviour in water was totally = showed first order kinetics with a rate constdqgts of
different. In fact, we observed complete hydrolysisSafto 1.3x10 *s L. In these conditions, formation of BSA—pyri-
6 only at pH 7 and above, while at pH 6 and below, dinium adduct was quantitative.
conversion of3 was partial. This allowed us to measure
spectrophotometrically an apparent dissociation constantA series of labelling experiments of BSA was then carried
Ko/=10">8M. The reversibility of the reaction was also out with 1, 2 and3 and initial pyrylium ion: protein around
confirmed by the partial conversion 6fto 3 at pH 6 and 20:1 at pH 5, 6, 7, 8 and 9. Reaction mixtures were stirred
below. All these processes obeyed first order kinetics andfor 24 h at room temp. and protein conjugates were purified
rate constantl,,sof the conversion a8 to 6 are displayed in by dialysis. We first noticed that BSA—pyridinium adducts
Table 3. Pyrylium ior8 appeared kinetically more stable in  were formed in all the conditions tested, as shown by the
water thanl, 2 and 10. This could be due to favourable visible and IR spectra of the resulting conjugates, that
steric effects. Moreover, pyryliur is also thermodynami-  closely resembled those @f 8 and9.
cally more stable (§,/=5.8). The presence of the additional
fused ring, that blocks the coplanar conformation, could We then measured the coupling ratio CR of each conjugate,
thus provide an enhanced mesomeric overlap of the pyry-which is defined as the number of benchrotrenyl pyridinium
lium ring with the benzene Cr(C@yroup. In this case, the  grafts bound per protein molecule. To do that, protein
electron-donating ability of the phenyl Cr(COragment concentration was measured by the Coomassie blue
towards the pyrylium ring could fully act. method and pyridinium concentration was measured by
visible spectroscopy, taking, 8 or 9 as standards, respec-
In summary, the kinetic behaviour of pyrylium iohs2 and tively. The coupling yields CY were deduced from these
3 towardsn-butylamine and water was found to be very measurements and the resulting data are reported in
close to that of the related uncomplexed salts. Their thermo- Table 4. We observe that results differ markedly from one
dynamic stability in water was found to be highly dependent compound to another. The yield of conjugatioriidb BSA

on the substitution pattern of the pyrylium ring. was found to be dependent on the pH of the reaction
medium, with the highest CR (and CY) reached at pH 8.
Reaction of pyrylium ions 1, 2 and 3 with BSA For 2 and3, the influence of pH on the coupling yield was

less significant. Additionally, a variable amount of orange
Bovine serum albumin (BSA), a 66 kDa single chain, acidic precipitate was isolated at the end of the reactiofh with
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BSA. Its IR spectrum showed that this compound was applied to prepare 5d transition metal complexes (contain-

pseudobasd, which resulted from the competitive hydro- ing tungsten, rhenium or osmium for instance). These path-

lysis of 1, and was insoluble in the reaction medium at the ways will make up our future research in the pyrylium

working concentration. chemistry field. At the same time, labelling of protein
crystals will be attempted in order to validate our approach.

The mechanism of reaction of pyrylium ions with lysine and

protein lysine residues in water has been previously estab-

lished® Initially, a mixture of pseudobase and divinylogous Acknowledgements

amide is formed, resulting from the competitive attack of

water and amine. The divinylogous amide is converted 10 \ye thank the Centre National de la Recherche Scientifique

the pyridinium while the pseudobase is able to slowly (CNRS) for financial support.

convert into the divinylogous amide or to decompose via

its pseudoanion. The relative rate of these two reactions
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