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ABSTRACT

1) NaNO, (aq)
D\/—g AcOHIAGO

2) BF, OFt,
Et;N, CLCH,

Iz

The asymmetrically substituted BODIPY dyes 9a and 9b have been synthesized through a key redox step involving the a-nitroso derivative
of the starting pyrrol. Both dyes emit fluorescence with quantum yields of ca. 0.7, but only 8b behaves as a good laser dye, with an efficiency
of 48% in ethanol solution.

Dipyrromethene compounds with the basic structdre
(Figure 1), first described in regard to the synthesis of the

porphyrin coré, easily react with boron trifluoride in the 7= N
presence of amines giving rise to borondifluorodipyr- =N_ N/ =N_ N/
romethene dyes with the chromophd?e also known as :' F,B\F )
BODIPY or BDP dyes. BDP dyes were first synthesized in R R R R
1968 as the fortuitous result of the tentatixeacetylation LN ! L NE !
of 2,4-dimethylpyrrole with acetic anhydride in the presence Ro—¢ _N ?\]{%*Rz Rzi’<:Nr ?\:}LM
of boron trifluoride diethyl ethera&Two decades later, these “H B’

. S R Ry Ri ¢ ¢ R
dyes were rediscovered because of their high fluorescence o - T N

. . . . 3a:R;=Ar,R,=H 4a:R{=Ar,R,=H

qguantum vyields, high photostabilityand efficient laser 3b: R, = Me, R, = Et 4b: R, = Me, R, = Et

emission in solutio.These properties can be modulated by
Figure 1. Basic structures of BDP2J and 8-aza-BDP4( dyes

and of their corresponding precursdr&nd 3.

TUMH.
£1QO0.
§ UPV-EHU.
UIQFR. the substituents d?, and there is an intense research effort

Il . . .
(1I)Cliz'cher H.; Eismayer, KBer. 1914,47, 2019. on the design, synthesis, and evaluation of new BDP dyes

(2) Treibs, A.; Kreuzer, KLiebigs Ann. Cheml968,718, 208. for different applications.
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lasing dye$,the 8-aza-BDP (ABDP) chromophore attracted Scheme 1
our attention. Tetraaryl-substituted ABDP dyéa show

fluorescence emission at 710—815 nm and modest fluores- NaNO; (aq)

cent quantum yieldsp; ca. 0.37 We speculated that these [ ) odsequv NH
low @ values—if compared with those of many alkyl- N oo ihezd 141, ?
substituted BDP dyes—could be due to dissipation of the 5 5

excitation energy by rotation of the aryl groups in the excited \ /

state? Consequently, we decided to synthesize and study the in situ PN

emission of new alkyl-substituted ABDP compounds such PN

as4b. H NH,
The aryl-substituted dyedla are obtained from the 8b (50%) 8a

corresponding precursods,>'°which have been synthesized BF4.OEt, Et;N

by two methods: the reaction gfnitrodihydrochalcones ClCHy, 1t, 2h

with ammonium salte®®>**2and the reaction of 2-nitroso- HCI-EtOH,

8b or 9aor Sb m» 8a

3,5-diarylpyrroles with 2,4-diarylpyrrol€s?In our case, the ~05%

tentative synthesis afb via 3b was assayed in two steps in
a one-pot process, following conditions described for the 9: R = H (37% from 5)
synthesis of dyeda"122,4-dimethyl-3-ethylpyrroleg) was 9b: R = Ac (10% from 5)
treated with aqueous sodium nitrite in the presence of acetic
acid/acetic anhydride, and the crude reaction product was
made to react with boron trifluoride diethyl etherate in the
presence of triethylamine. Unexpectedly, the BDP 8ge
and itsN-acetyl derivativedb were identified as the main
reaction products (Scheme 1).

Both dyes must come from the corresponding precursors
8a and8b, formed through a redox step with the participation
of the nitroso pyrroles.’® This step may be a bimolecular
reaction with 5 (pathway (a), Scheme 1), with =KD
reduction to NH and simultaneous oxidative coupling
between thea-H of 5 and the 5-methyl group 06. An
alternative would be a unimolecular redox reaction6of
yielding 5-amino-3-ethyl-4-methylpyrrole-2-carbaldehydg (
(pathway (b), Scheme 1). A subsequent condensati@aof
via the aldehyde group—wite—via theo-H—can yield8a.

An elusive intermediate with molecular weight 152, the same
as that of6 and7, was detected by GC-MS analysis of the
crude mixture from the first stages of the reaction. In the
reaction medium, amino groups are acetylated,&mgives
rise to8b. The possible appearance & via the reaction
between in situ generatdd-acetyl7 and pyrrole5 cannot
be discarded. Eventually, the reaction & with boron
trifluoride yields the dye9b, as well as its deacetylated
derivative9a, which must appear through the formation in
the medium of the intermediaBa, because under the same
conditions9b is not deacetylated ®a. Under HCl-catalyzed
deacetylation condition8b or 9b, or even9a, gave rise to
8a quantitatively.

A similar two-step process with 3-tert-butyl-2,4-dimeth-
ylpyrrole (10) yielded only the acetylated dyd, and the
(3) (a) Pavlopoulos, T. G.; Boyer, J. H.. Shah, M.; Thangaraj, K. Soong, corresponding deacetylated compound was not detected

M. L. Appl. Opt.1990, 29, 3885. (b) Paviopoulos, T. G.; Boyer, J. H.;  (Scheme 2). Under the same conditions, 2,4-dimethylpyrrole
Thangaraj, K.; Sathyamoorthi, G.; Shah, M. P.; Soong, MAppl. Opt.
1992,31, 7089. (c) Boyer, J. H.; Haag, A. M.; Sathyamoorthi, G.; Soong,
M. L.; Thangaraj, K.; Pavlopoulos, T. Gleteroat. Chem1993,4, 39. (d)

Guggenheimer, S. C.; Boyer, J. H.; Thangaraj, K.; Shah, M. P.; Soong, M. Scheme 2

L. Appl. Opt.1993,32, 3942. (e) O'Neil, M. POpt. Lett.1993,18, 37. (f)

Vos de Wael, E.; Pardoen, J. A.; van Koeveringe, J. A.; Lugtenbury, J.

Royal Neth. Chem. Sot997,96, 3060. (g) Gorman, A. A.; Hamblett, |.; 1) NaNO; (aq) (0.34 equiv)

King, T. A.; Rahn, M. D.J. Photochem. Photobiol., 2000,130, 127. (h) I ACOHIAC,0 (1:1), 100 °C, 2 h | 7

Pavlopoulos, T. GProg. Quant. Electron2002,26, 193. 2) BF5 OFt, Et;N i =N
(4) (a) Pavlopoulos, T. G.; Shah, M.; Boyer, J.Appl. Opt.1988,27, ﬁ ClLCH,, 1, 2 h B

4998. (b) Pavlopoulos, T. G.; Shah, M.; Boyer, J.®&pt. Commun1989, FF NHAC

70, 425, 10 1 (15%)

(5) Porreés, L.; Mongin, O.; Blanchard-Desce, Metrahedror2006,47,

1913, and references cited therein.

(6) Costela, A.; Garcia-Moreno, I.; Sastre,Ays. Chem. Chem. Phys. . .

2003,5, 4745. gave rise to 2-acetyl-3,5-dimethylpyrrole (12%), among other
(7) zhao, W.; Carreira, E. KChem.—Eur. J2006,12, 7254—7263. minor products, suggesting that the former redox reaction
(8) Chen, J.; Burghart, A.; Derecskei-Kovacs, A.; Burguess].kOrg. " . .

Chem.2000. 65, 2900. takes place only when the position 3 in the starting pyrrole

o é?l) Gorman, A.; Kigor:an, JS g’ggea,zg.; Pé%nréa, T.; Gallagher, W. M.;  is substituted. To our knowledge, this redox reaction is new

'Shea, D. FJ. Am. em. So 4,126, 10619. : f

(10) Killoran, J.; Allen, L.; Gallagher, J. F.; Gallagher, W. M.; O’Shea, in the chemistry of pyrroles.

D. F. Chem. Commur2002, 1862. The structures o®a and 9b were deduced from thetH
(11) Rogers, M. A. TJ. Chem. Socl1943, 590. 1 i i _ _
(12) (a) Hall, M. 3.: McDonnell. S. 0. Killoran, J.: O'Shea, D. F. and®*C NMR spectra and confirmed by smglg crystal X-ray

Org. Chem2005,70, 5571. (b) Zhao, W.; Carreira, E. Kngew. Chem., ~ SPectroscopy. The crystal &fa shows two independent

Int. Ed. 2005,44, 1677. (c) Hall, M. J.; Allen, L. T.; O’Shea, D. Rrg. molecules differing mainly in the conformation of the

B e bstituents of the indacene core (Figure 2A), witite
(13) For a review on the synthesis of nitroso compounds, see: Gowen- SUPSUUENTS 0T The Indacene core (Figure _ ),

lock, B. G.; Richter-Addo, G. BChem. Re»2004,104, 3315. crystallizes as one independent molecule (Figure 2B).
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Figure 3. Absorption (black) and fluorescence emission (red)
spectra of the dye3aand9b in cyclohexane (solid line) and ethanol

Figure 2. X-ray molecular structures of the dy8s (A) and 9b (dashed line).
(B) showing the atomic numbering scheme. Ellipsoids are drawn
at the 50% probability level for non-H atoms, and the H atoms are

denoted as spheres of 0.1 A radius. maximum. On the contrary, the fluorescent quantum yields
and lifetimes show similar values in both compounds.

The similar emission properties of both dyes do not
correspond with the very different laser behavior in solution.
9adoes not show laser emission when excited with 532 nm
(pump energy 5.5 mJ/pulse, repetition rate 10 Hz), even at

- concentrations of ca. 1.5 mM. On the contrary, under the

The wavelength of maximum absorption (Table 1) and
the absorption spectral shape of the dg9agnd9b (Figure

Table 1. Photophysical Properties of the Dy@a (2.0 uM) same conditions, the acetylated dyfe emits laser light at
and9b (2.4 uM) in Several Solvents: Wavelengths of 564-571 nm (Table 1), with higher solvent dependence than
Maximum Absorption (¢) and Fluorescence Emissiox) in the case of symmetric BDP dy&sthus allowing a higher
Molar Absorption Coefficientdmsy, Fluorescence Quantum laser modulation. The laser efficiencies are in the range 43

Yield (®r), and Lifetime ¢) and Wavelength of Laser Emission

0 .
(ee) and Laser Efficiency (Eff) of 0.40 mM Solutions &b 48%, values higher than those of the reference laser dye

PM567 in the same solventsAggregation oPain solution

€max is not the cause of the absence of laser emission, because
A A (101M7 T Ataser Eff the shape of the absorption spectrum does not change with
dye solvent (@mm) (m) em™) &F (@sr (um) (%) the dye concentration, at least until 1.5 mM. The causes of
9a EtOH 503 529 28 072 417 - - this very different laser behavior are under study.
EtOAc 506 529 30 069 389 - - In ethanol solution, the laser emission wavelength and the
cyclohexane 526 532 56 071 4.06 - - efficiency (percentage of the excitation energy converted into
9b EtOH 534 547 54  0.70 589 564 48

laser emission) 0®b depend on the dye concentration, with
a maximum efficiency of 48% at 0.40 mM (Figure 4). From
this point on, further increases in the dye concentration result
in a slight decrease in the lasing efficiency.

Similar photophysical properties and laser behavior were
observed for the dy&1, with laser emission at 564 nm with
58% efficiency (0.45 mM solution in EtOH).

EtOAc 538 549 7.1 0.68 5.63 567 45
cyclohexane 545 553 8.4 0.68 544 571 43

a 4+0.1 nm.? £0.05.¢ 4+0.05 ns.

3) strongly depend on the solvent polarity, with sharper bands

in apolar solvents. For both dyes, the emission maximum
hows a higher Stokes shift value in polar solvents. Acety-

S . . . . . (14) Costela, A.; Garcia-Moreno, |.; Sastre, R.; Amat-Guerri, F.; Liras,

lation of the amino group ddagives rise to a bathochromic  \.;Lepez Arbeloa, F.; Bafiuelos Prieto, J.; Lopez Arbelod, Phys. Chem.

shift of 20—43 nm in the absorption band, with an increase A 2002,106, 7736.I o | o oa L.

of the molar absorption coefficient and with a parallel shift ,, o) -0Pez Abeloa, gésﬁpg.ﬁg%ﬁ%uz';riﬁfnﬁ.Agﬁis?ié'tiggfc'

of 12—21 nm to longer wavelengths in the emission 299, 315.
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8 : ) / W N -
- 204 550 555 %60 565 570 675 500 585 | bl“ty of 9b is lower than that of other BDP laser dyés
. : Wavelengf (nm) : because its laser emission disappears after only 20 000 pump
Concentration (mM) In short, we have established an easy synthetic method

. . . ) .. for the synthesis of asymmetric 3-amino- and 3-acetamido-
Figure 4. Laser efficiency (_maln) and normallzeo! laser emission BDP dyes from 2,34-trialkyl-substituted pyrroles. The
spectra (inset) of the dy8b in ethanol, as a function of the dye A )
concentration. Excitation at 532 nm; optical density in the range acetylated dy®b, and not its precurs@a, has demonstrated
7.4—54. good laser emission properties. In addition, BDP dyes with
the 3-amino group directly bonded to the chromophore core
can be used for the labeling of molecules of biological

The laser emission wavelength also depends on the dyeinterest with these highly fluorescent groups.
concentration, shifting to lower energies as the concentration ) )
increases. This trend must be related to the effect of Acknowledgment. This work was supported by Project
reabsorption/reemission phenomena on the emission intensit)MATZO04'04643'(:03'01 _and '92 of the Spa}msh C.ICYT'
and could be the origin of the lasing efficiency decrease M.L. ?nd M.P.-S. thank”l\/llnlsteno de Educacion y Cle_nC|a
observed in the more concentrated solutiéhns. for a “Juan de la Cierva” contract and a grant, respectively.

The laser emission was also assayed with a solid solution  Supporting Information Available: General experimen-
of 9b (0.4 mM) in poly(methyl methacrylate) (Figure 5), the tal procedures, synthesis and characterization of compounds,
concentration that gives rise to the highest lasing efficiency and X-ray crystallographic data. This material is available
in liquid solution. This material emits laser radiation at 563 free of charge via the Internet at http://pubs.acs.org.
nm with 25% efficiency, a value similar within experimental
error to that of the reference dye PM567 in the same polymer oL 7016748
and comparative conditions (28%). However, the photosta-

(17) Garcia-Moreno, I.; Amat-Guerri, F.; Liras, M.; Costela, A.; Infantes,
L.; Sastre, R.; Lopez Arbeloa, F.; Bafiuelos Prieto, J.; Lépez Arbeloa, I.
(16) Lopez Arbeloa, 1J. Photochem1980,14, 97. Adv. Func. Mater2007, DOI 10.1002/adfm.20061103.
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