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Synthesis and Reactivity of a New Heptacarbon Chain Carboxonium Salt —
Access to a New Class of Streptocyanine Dyes
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A new highly reactive heptacarbon chain carboxonium salt
1 was synthesized. It leads, by action of various amines and
hydrazone, to a new class of symmetrical heptacarbon
chain streptocyanine dyes 2—-6. A hemicarboxonium salt 7,

which leads to a dissymmetrical streptocyanine, was also
obtained.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

Introduction

Polymethinium dyes are cationic conjugated organic
compounds containing a chain made up from an odd num-
ber of carbon atoms between two nitrogen atoms. They are
called cyanine dyes if the nitrogen atoms are part of a con-
jugated heterocycle, and streptocyanine dyes if not. Among
their numerous applications!!! (dyes, photographic sensitiz-
ers, recordable laser discs, nonlinear optics, drugs), near-
infrared region absorbing compounds are increasingly used
as biological fluorescent probes.>~# Their peculiar spectral
properties in this range (600—1000 nm) allow negligible
autofluorescence from biomolecules, which is a great ad-
vantage for bioanalytical purposes.[>-6]

Results and Discussion

We have previously developed a synthesis of streptocyan-
ines from the reaction of pentacarbon chain (5-C) car-
boxonium salts with amines, imines, hydrazines, and hydra-
zones.”l 5-C carboxonium salts are obtained by conden-
sation of arylethanones with triethoxymethane in a strongly
acidic medium.[®] Unfortunately, the absorption and fluor-
escence properties of these streptocyanine dyes proved to be
still inadequate for near-infrared applications (the maxi-
mum absorption wavelength obtained is 600 nm).

It is known that the addition of a vinylene group to the
n-electron system of cyanine dyes causes a bathochromic

8l Laboratoire de Synthése et Physicochimie de Molécules
d’Intérét Biologique, UMR 5068; Université Paul-Sabatier,
118, route de Narbonne, 31062 Toulouse cedex O4, France
Fax: (internat.) + 33-5/61556011
E-mail: madaule@chimie.ups-tlse

[°] Laboratoire d’Hétérochimie Fondamentale et Appliquée, UMR
5069; Université Paul-Sabatier,

118, route de Narbonne, 31062 Toulouse cedex O4, France
E-mail: heinz@chimie.ups-tlse.fr

Eur. J. Org. Chem. 2003, 2371—2374

DOI: 10.1002/ejoc.200300176

shift of the absorption band by about 100 nm.°~!") More-
over, pentacarbon and heptacarbon chain cyanines have
been synthesized by a condensation reaction between a het-
erocyclic base (derived from indole or its derivatives) con-
taining an activated methyl group, with triethoxymethane
and 1,3,3-trimethoxypropene, respectively, in the presence
or absence of a catalyst.[>!?]

Based on these observations, we attempted the synthesis
of a new heptacarbon chain (7-C) carboxonium salt 1 (Fig-
ure 1) and we report here the development of this original
result.

EtO OEt

Figure 1. Heptacarbon chain carboxonium salt 1

The replacement of triethoxymethane, which is used for
the synthesis of the 5-C carboxonium salts,”-®! by its vi-
nylog, 1,3,3-triethoxypropene, does not lead to significant
amounts of the expected 7-C carboxonium salt. It appears,
surprisingly, that the presence of triethoxymethane is cru-
cial, as we obtained pure 7-C carboxonium salt only with
the following stoichiometry: triethoxymethane:4-methyl-
phenylethanone:tetrafluoroboric acid 1:2:1. With less than
one equivalent of triethoxymethane, the 7-C carboxonium
salt, an unsymmetrical pyrylium salt (Figure 2), and other

Me BF,
Figure 2. Pyrylium salt
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unidentified by-products are obtained, whereas with more
than one equivalent, both 5-C and 7-C carboxonium salts
are competitively formed.

To explore the ability of the 7-C compound 1 to react, as
the 5-C ones do, with various nucleophiles, we used primary
and secondary aliphatic amines, a primary aromatic amine,
and hydrazone. Likewise, we synthesized the symmetrical
streptocyanines 2, 3, 4 and 5 from two equivalents of
morpholine, benzylamine, 3,5-dimethylaniline, and 4-meth-
oxyphenylmethine-N-methylhydrazone, respectively, as rep-
resentative compounds (Scheme 1).
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Scheme 1. Syntheses of symmetrical streptocyanine dyes 2—5

The action of only one equivalent of morpholine on 1
leads to the hemicarboxonium salt 6 (Scheme 2). This com-
pound reacts with methylamine to give the dissymmetrical
streptocyanine 7.

The structure of all products was unambiguously estab-
lished by 'H and '3C NMR spectroscopy, mass spec-
trometry (FAB+/mNBA; DCI/NH3) and for 2 by X-ray
diffraction (Figure 3).

The structure of 2 shows an “all frans” conjugated car-
bon chain, which is almost planar, with angles of about
120°. The C—C and C—N bond lengths of the conjugated
system have intermediate values between single and double
bonds, and the aryl groups are almost perpendicular to the
chain plane.
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Scheme 2. Syntheses of the hemicarboxonium 6 and the dissym-
metrical heptacarbon chain streptocyanine dyes 7

Figure 3. X-ray crystal structure of 2; selected bond lengths [A] and
angles [°]: N1—-C1 1.360(3), C1—C13 1.386(3), C13—C14 1.401(3),
Cl4—CI15 1.378(3), C15—Cl16 1.393(4), Cl16—C17 1.377(3),
C17—-CI18 1.405(15), C18—N2 1.337(9); N1-C1-CI13 122.2(3),
C1-Cl13-Cl14 123.7(3), C13—C14—C15 124.9(3), C14—C15—-Cl16
121.9(3), CI15-C16—C17 125.5(3), Cl16—Cl17—-Cl18 125.6(5),
C17—C18—N2 126.5(11); deviation of the chain carbons from the
mean plane: 0.127 A

As expected, an average bathochromic effect of more
than 100 nm is observed for the new heptacarbon chain
streptocyanines relative to the pentacarbon ones; large mo-
lar extinction coefficients are also observed (Table 1).

Table 1. Absorption and fluorescence data of the 7-C streptocyan-
ines (CH,Cl,, 23 °C) (in brackets, values for the corresponding 5-
C compound)

A’m'dx.'dbs Smﬂx A’m'dx.en'l
[nm] M~ em ] [nm]
2 566 (453) 183600 606 (518)
3 552 118000 592
4 599 40000 687
5 679 (558) 137000 720 (608)
6 501 55000 fal
7 559 158000 599

[2] No fluorescence emission.
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The absorption and emission spectra of 2 in CH,Cl, are
shown in Figure 4. The Stokes shift is 40 nm.
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Figure 4. Absorption and emission spectra of 2 in CH,Cl,; the
absorption spectrum was obtained with a 1 cm path length quartz
cell and a concentration of 2 of 4.41 X 107° m.

Conclusion

In conclusion, the synthesis of a heptacarbon chain car-
boxonium salt was achieved. Its reactivity towards amines
and hydrazones is identical to that of the pentacarbon one.
This allows us to obtain a new class of symmetrical hepta-
carbon chain streptocyanines, with absorption and emission
wavelengths shifted toward the near-IR region. The ethoxy
group of the hemicarboxonium salt is always reactive and
can give, by action of a different nucleophile, dissymmetri-
cal streptocyanines, or could be grafted onto the amino
moieties of biomolecules.[3]

Experimental Section

General Remarks: All experiments were performed under dry con-
ditions (argon atmosphere, anhydrous solvents) to avoid degra-
dation of the carboxonium salt.

Melting points were determined with Biichi capillary apparatus. "H
NMR and '*C NMR (63 MHz) spectra were recorded on Bruker
AC 250. Chemical shifts are expressed in ppm relative to TMS.
Mass spectra were obtained on Nermag R10—10H apparatus for
FAB positive mode (mnNBA) and DCI/NH;. UV/Vis spectra were
obtained on a Hewlett—Packard 8453 UV/Vis spectrometer.
Excitation and fluorescence emission spectra were obtained with a
Perkin—Elmer LS 50B spectrofluorimeter fitted with a Xenon lamp
(20 kW, flash-time 8 ps) and a Hamamatsu R 928 photomulti-
plicator. X-ray data were collected on a Bruker-AXS CCD 1000
diffractometer. Elemental analyses were realised at the Micro-
analysis Interuniversity Service of the Chemistry School of
Toulouse (ENSIACET).

1,7-Diethoxy-1,7-bis(4-methylphenyl)hepta-1,3,5-trienylium  Tetra-
fluoroborate (1): A mixture of 4-methylphenylethanone (2.81 mL,
21.08 mmol) and 54% tetrafluoroboric acid in diethyl ether
(1.45 mL, 10.54 mmol) was added dropwise to a solution of 1,3,3-
triethoxypropene (1.837 g, 10.54 mmol; synthesized according to
Lounasmaal'¥), and triethoxymethane (1.75 mL, 10.54 mmol). The
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solution was stirred one hour, turning progressively more purple.
Diethyl ether (250 mL) was then added and the solution was stirred
for one hour more. The product was filtered off and dried under
reduced pressure to give 1 as a violet powder (2.31 g, 49%). 'H
NMR (250 MHz, CDCl;, 25 °C): § = 1.52 (t, 3J = 7.0 Hz, 6 H,
CH;CH,0), 243 (s, 6 H, CHs-Ar), 4.51 (q, 3J = 7.0Hz, 4 H,
CH;CH,0), 6.72 (d, 3J = 12.8 Hz, 2 H, H,), 7.31 (part A of AB
syst., 3Jap = 8.1 Hz, 4 H, Hyom), 7.37 (t, 3J = 12.8 Hz, 1 H, Hy),
7.45 (part B of AB syst., 3Jag = 8.1 Hz, 4 H, H,,op), 7.67 (t, 3J =
12.8 Hz, 2 H, H;5) ppm. 3*C NMR Jmod (63 MHz, CDCl;, 25
°C): = 14.3 (CH;CH,0), 21.7 (CHs-Ar), 69.5 (CH;CH,0), 111.1
(C2,6)» 129.8 (Carom)a 129.9 (Carom'cl,7)a 130.5 (Carom)ﬂ 131.0 (C4)a
144.8 (Cyrom-CHj3), 168.4 (C5 5), 184.5 (C; 7) ppm.

Preparation of 2—4: The amine (morpholine, benzylamine, or 3,5-
dimethylphenylamine; 2.08 mmol) was added dropwise to a solu-
tion of 1 (0.447 g, 0.99 mmol) in 60 mL of acetonitrile. After stir-
ring for 24 h, the solvent was removed under reduced pressure and
the precipitate was washed with pentane, and dried. The crude
streptocyanine was recrystallized from ethanol.
1,7-Bis(4-methylphenyl)-1,7-bis(di- N-morpholino)hepta-1,3,5-
trienylium Tetrafluoroborate (2): Violet spangles with blue metallic
glints (74%). m.p.: 204 °C (dec.). '"H NMR (250 MHz, CDCl;, 25
°C): & = 2.39 (s, 6 H, CH3Ar), 3.53 (m, 8 H, CH,N), 3.76 (m, 8
H, CH,0); 6.29 (m, 2 H, H,), 6.55 (m, 3 H, H;45), 7.09 (part A
of AB syst., 4 H), 7.27 (part B of AB syst., 3*Jag = 7.8 Hz, 4 H,
Harom) ppm. C NMR Jmod (63 MHz, CDClj, 25 °C): § = 21.6
(CH3Ar), 50.3 (CH,N), 66.7 (CH,0), 109.5 (Cy¢), 124.5 (Cy), 129.1
(Carom)s> 129.6 (Curom=C1.7), 129.9 (C,rom), 141.1 (Cyrom-CHz), 158.6
(Cs5), 167.9 (Cy7) ppm. MS (DCI/NH;): m/z (%) = 443 (10.2)
[M]*, 204 (100). CyoH3sBF4N,0, (530.27) caled. C 65.67, H 6.65,
N 5.28; found C 65.63, H 5.93, N 5.10. UV/Vis (23 °C, CH,Cl,):
Amax (Emax) = shoulder at 528 (nm), 566 (183600 M~ '~cm™!). Fluor-
escence spectrometry (23 °C, CH,Cl,): Aex/Aer, = 569/604 nm.
1,7-Bis(benzylamino)-1,7-bis(4-methylphenyl)hepta-1,3,5-trienylium
Tetrafluoroborate (3): blue-violet crystals (67%). m.p.: 187—189 °C
(dec.). 'H NMR (250 MHz, CDsCN, 25 °C): § = 2.30 (s, 6 H,
CH;Ar), 4.63 (s, 4 H, CH,NH), 5.98 (d, 3J = 13.0 Hz, 2 H, H, ),
6.22 (t,3J = 12.7Hz, 1 H, Hy), 6.75 (t, 3J = 12.9 Hz, 2 H, Hj),
7.21 (s, 8 H, Harom), 7.36 (m, 10 H, H,,0m), 7.67 (s, 2 H, NH) ppm.
13C NMR Jmod (63 MHz, CD;CN, 25 °C): § = 21.6 (CH;3Ar),
48.9 (CH,NH), 105.7 (H), 122.1 (Cy), 128.6, 129.0, 130.0, 130.1,
130.5 (Cyrom)s 132.0 (Carom-CHa), 137.6 (Cyrom-Ci1.7), 142.9 (Corom-
CH;), 160.5 (C;5), 169.0 (C,7) ppm. MS (FAB+, MNBA): m/z
(%) = 483 (100) [M]*. C35H3sBF4N, (570.28): caled. C 73.69, H
6.18, N 4.91; found C 73.65, H 6.14, N 4.83. UV/Vis (23 °C,
CH,CL), Anax (Emax) = 318 nm (9000 M~ -em ™), 392 (7000), 552
(118000). Fluorescence spectrometry (23 °C, CH,Cly): Aex/Aem =
552/592 nm.
1,7-Bis(3,5-dimethylphenylamino)-1,7-bis(4-methylphenyl)hepta-
1,3,5-trienylium Tetrafluoroborate (4): Green crystals with gold
glints (13%). m.p.: 184—187 °C (dec.). '"H NMR (250 MHz, CDCl;,
25 °C), 6 = 2.25 (s, 12 H, CH3Ar), 2.40 (s, 6 H, CH3Ar), 6.29 (d,
3J = 13.0 Hz, 2 H, Hyy), 6.34 (t, 3/ = 13.0 Hz, 1 H, Hy), 6.78 (s,
4 H, Hypom), 6.84 (s, 2 H, Hyyom), 7.05 (t, 3 = 13.0 Hz, 2 H, Hy ),
7.27 (part A of AB syst., 4 H), 7.33 (part B of AB syst., 3J,p5 =
8.1 Hz, 4 H, Hyom), 8.59 (s, 2 H, NH) ppm. '*C NMR Jmod
(63 MHz, CDCl;, 25 °C): 6 = 21.3 [(CH3),ArNH], 21.6 (CH»Ar),
110.1 (Cy), 121.5 (Cyrom), 124.1 (Cy), 128.7 (Carom)s 129.7 (Carom)s
129.8 (Carom)s 130.5 (Carom-Ci.7), 137.5 (Carom-NH), 139.3 [Cyrom-
CHj;, of (CH3),ArNH]; 142.4 (Chom-CH3), 157.3 (Cs_5), 164.9
(Cy.7) ppm. MS (DCI/NH;): m/z (%) = 511 (1.4) [M*], 238 (100).
C57H39BF4N, (598.31): caled. C 74.25, H 6.57, N 4.68; found C
73.88, H 6.41, N 4.56. UV/Vis (23 °C, CH,CL): Apax (Emax) =
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423 nm (24000 M~ -cm™"), 599 (40000). Fluorescence spectrometry
(23 °C, CHaCly): hex/hem = 594/687 nm.

1,7-Bis(4-methoxyphenylmethine- N-methylhydrazono)-1,7-bis(4-
methylphenyl)hepta-1,3,5-trienylium Tetrafluoroborate (5): The 4-
methoxyphenylmethine-N-hydrazone (1.01 g, 6.13 mmol) was ad-
ded to a solution of 1 (1.310 g, 2.92 mmol) in acetonitrile (150 mL)
and triethylamine (0.42 mL, 2.92 mmol). After 48 h of stirring, the
solvent was removed and the crude reaction mixture was dissolved
in dichloromethane and then precipitated with petroleum ether be-
fore being recrystallized from acetonitrile. Green crystals with gold
glints were obtained (24%). m.p.: 212 °C (dec.). 'H NMR
(250 MHz, [Dg]DMSO, 25 °C): 6 = 2.30 (s, 6 H, CH3Ar), 3.37 (s,
6 H, N-CH3), 3.85 (s, 6 H, O-CHj;), 6.64 (m, 2 H), 6.88 (m, 1 H),
7.13 (m, 6 H), 7.32 (m, 8 H), 7.81 (m, 21 H, H,,,,, and H,_¢), 8.39
(s, 2 H, CH=N) ppm. 3C NMR Jmod, (63 MHz, [Dg]DMSO, 25
°C): 8 = 21.0 (CH;Ar), 37.1 (N-CH3), 55.4 (O-CH3), 112.0 (CH, ),
114.5 (Cyrom)s 126.1 (Cy), 126.3 (Cyarom-C1.7), 128.1 (Cyrom), 129.8
(Carom), 140.2 (Cyurom-CH3), 148.1 (CH=N), 156.3 (C;5), 161.7
(Carom-OCH3), 164.2 (C, 7) ppm. MS (FAB>0, MNBA): m/z (%) =
597 (85.5) [M]™", 327 (100). UV/Vis (23 °C, CH5Cl,): Amax (Emax) =
272 nm (25000 M~ -cm~"'), 380 (33000), shoulders at 581 and 630,
679 (137000). Fluorescence spectrometry 23 °C, CH,Cl,), Aex/Aem =
666/720 nm.

1-Ethoxy-1,7-bis(4-methylphenyl)-7-morpholinohepta-1,3,5-
trienylium Tetrafluoroborate (6): At —15 °C, morpholine
(0.094 mL, 1.08 mmol) was added dropwise to a solution of 1
(0.487 g, 1.08 mmol) in acetonitrile (40 mL). After 1 h of stirring,
the solvent was removed. After crystallization from toluene/di-
chloromethane, red-orange crystals were obtained (31%). m.p.:
70—75 °C. The 'H and '*C NMR spectra are complex, therefore
only the '"H NMR spectrum is described. '"H NMR (250 MHz,
CDCls, 25°C): § = 1.41 (m, 3 H, CH;CH,0), 2.36,2.41 (2 s, 6 H,
CH;Ar), 3.34 to 4.26 (m, 8 H, CH,), 5.86 to 7.84 (m, 13 H, Hy,om
and H,_¢) ppm. MS (DCI/NH3): m/z (%) = 402 (100) [M]*.UV/
Vis (23 °C, CH,Cl): Amax (Emay): 309 nm (8000 M~ '-cm™1), 501
(55000). No fluorescence emission.

7-Dimethylamino-1,7-bis(4-methylphenyl)-1-morpholinohepta-2,4,6-
trienylium  Tetrafluoroborate (7): Dimethylamine (0.150 g,
0.641 mmol) was added to a solution of 6 (0.261 g, 0.534 mmol) in
20 mL of acetonitrile. After 24 h of stirring, the solvent was evapo-
rated, the precipitate washed with diethyl ether, then dried under
reduced pressure. The crude product was crystallized from ethanol
to give silver-blue crystals (0.189 g, 73%). m.p.: 217 °C (dec.). 'H
NMR (250 MHz, CDCl;, 25 °C): & = 2.36 (s, 6 H, CH;Ar),
3.10—3.37 (m, 10 H, CH35N and CH,N), 3.71 (m, 4 H, CH,0),
5.99 (m, 1 H, H, o 6), 6.20 (m, 1 H, H, o, ¢), 6.42 (m, 3 H, H345),
7.05 (m, 4 H, Hyom), 7.23 (m, 4 H, Hyrom) ppm. *C NMR Jmod
(63 MHz, CDCl;, 25 °C): & = 21.5 (CHsAr), 49.6 (CH,N), 66.6
(CH,0), 106.9 (C; o1 6), 110.9 (C5 o1 ), 123.1 (Cy), 128.6 (Corom)s
129.2 (Carom): 129.2 (Carom'clj)v 129.8 (Carom)a 130.1 (Carom'clﬂ)a
140.7 (Carom-CHj3), 141.0 (Cyrom-CH3), 156.4 (C; o, 5), 159.0 (C;5 o,
5), 165.5 (Cy or 7), 171.1 (Cy o 7) ppm. MS (DCI/NHz3): mlz (%) =
401 (17) [M]*, 162 (100). C,,H33BF4N,O (488.26): caled. C 66.40,
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H 6.81, N 5.74; found C 66.15, H 6.68, N 5.61. UV/Vis (23 °C,
CH,Cl): Amax (Emax): shoulders at 522 nm, 559 (158000 M~ '-cm ™).
Fluorescence spectrometry (23 °C, CH,Cl,): Aex/Aem: 554/599 nm.

X-ray Crystallographic Study of 2: C,oH;sBF,;N,O,, M = 530.40,
monoclinic, P2,/n, a = 10.098(1), b = 27.502(3), ¢ = 10.427(1) A,
B = 108.949(3)°, VV = 2738.6(3) A3, Z = 4, p. = 1.286 Mg'm >,
F000) = 1120, . = 0.71073 A, T = 173(2) K, p(Mo-K,) = 0.098
mm~', crystal size 0.05 X 0.1 X 0.4mm, 1.48° = @ = 23.25°,
12328 reflections (3942 independent, R;,, = 0.0682) were collected
at low temperature using an oil-coated, shock-cooled crystal on a
Bruker-AXS CCD 1000 diffractometer. The structure was solved
by direct methods (SHELXS-97)!'3] and 428 parameters were re-
fined using the least-squares method on F2.1'°) Largest electron
density residue: 0.180 e:A~3, R, [for I > 2c(])] = 0.0506 and
wR, = 0.1022 (all data) with R, = X||F,| — |FJI/Z|F,| and wR, =
[Zw (F5 — FyIZw(F5)*]*>.

CCDC-193199 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge at
www.ccde.cam.ac.uk/conts/retrieving.html [or from the Cambridge
Crystallographic Data Centre, 12, Union Road, Cambridge
CB2 1EZ, UK; Fax: (internat.) +44-1223/336-033; E-mail:
deposit@ccdc.cam.ac.uk].
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