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ABSTRACT:

New aryl(hetaryl)pyrazolines fitted for fluorescenactivation of Rhodamine laser dyes
have been obtained via one-pot tandem Michaetiaddf two arylhydrazine molecules
with 2-(4’-R-cinnamyliden)-HB-furo[3,2<]coumarin-3enes. These
aryl(hetaryl)pyrazolines do not undergo tautomeransformations both in organic
solvents and in polymer films and behave themseh#esgffective acid photogenerators
of Rhodamine dyes fluorescence activation. NeW(fagtaryl)pyrazolines can be used in

the fabrication of two-photon volumetric optical mery materials.
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Optical memory

1. Introduction

Optical disks (ODs) are widely used for archivaiormation storage of WORM
type (Write Once Read Many), which ensure multigadouts of the recorded optical
data. Increasing the information capacity of ODansurgent problem. It is related to the
design of multilayer light-sensitive recording meedi he media based on photochemical
transformations of organic compounds are intendetth@ recording layers for such ODs,
since light-sensitive photofluorescent materialpesp to be the most promising for the
design of the WORM OD recording media for 3D biwverchive optical memory. They
are based on heterocyclic organic compounds that ha luminescence in their initial
form but form fluorescent photoproducts. Reversmritsscence behavior of recording
media is also applicable. Moreover, organic photsgswe media have, in principle, a
higher resolution than the currently used tempeeasensitive materials. The most
perspective type of WORM materials recording meslieomposed of two components: a

photogenerator of acidity (PAG) and a dye preau(&P). The DP molecules are
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colorless and stable in neutral media, however thegome strongly colored and
fluorescing in the presence of an acid producedhieylight-sensitive PAG molecules
when they are exposed to light [1-10].

4-Hydroxy-3-pyrazolinylcoumarinsl have been earlier found to undergo
guantitative photodehydrogenation to 4-hydroxy-8agplylcoumarins in the presence of
CCl, or GClg [11]. Due to the reaction they behave themselggshatogenerators of H
acidity that are able to generate highly fluoresé&modamine dye from its lactone form
under UV light irradiation both in organic solvergad in polymer films. However, 4-
hydroxycoumarin derivativel, depending on the media composition, have beemdftm
undergo hydroxy-keto tautomeric transformations.r Fexample, 4-hydroxy-3-
pyrazolinylcoumaririla shown below exist in hydroxy-form in toluene andketo-form
in dimethylformamide. Meanwhile, as we have eadigown, substratelscan effectively
operate as acid photogenerators being only indxydform [11c]. Therefore, search of

new acid photogenerators for archival recordingess is in a obvious demand.

O~ /
% L °
(0] @) O 0o
1a, hydroxy-form 1a, keto-form

In this paper we report a new way to synthesitecgéfe acid photogenerators.
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“Substitution” of a furanone ring for a pyrazoleeom 2H-furo[3,2-c]Jcoumarin-3-one
derivatives via tandem interaction of 2-(4’-R-cinmdiden)-2H-furo[3,2c]Jcoumarin-3-
ones with 2 mols of arylhydrazines chlorohydrates/mtes a new one-pot regioselective
route to 2-phenylchromeno[4@pyrazol-4(27)-one derivatives. These derivatives
possess photosensitivity, form nonfluorescent ghotducts, do not undergo tautomeric
trnsformations in different medium and behave thdues as more effective

photogenerators of Rhodamine dyes lactone ogenin

2. Experimental

2.1. Materials

The deuterated solvent (CDCI3) for NMR spectroscepyg obtained from Merck.
The lactone form of Rhodamine B was used as precufsflurescent laser dye (high
purity grade, Aldrich). Hexachloroethane was usesl @n halogen-containing
additive(high purity grade, Aldrich). The otherechicals were Aldrich HPLC or spectral
grade and were used without further purification.

Polymeric films were fabricated using the pourmgthod. A solution containing
poly(methyl methacrylate), the lactone form of Rawihe B, pyrazolinda, as well as
an halogen derivative in a mixture of toluene—etagétate (1 : 1), was poured onto a
horizontally placed Petri dish, afterwards the eolvwas evaporated. The films were
removed from the substrate before undergoing iatamh.

2.2. General Equipment
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'H, 1*C and"N NMR spectra were recorded on «Bruker AMX-IIl 40&»d 300 —
«Bruker AVANCE-II 300» spectrometers in CRQiontaining 0.05% M&i as the
internal standard. Determinations of structures atdreochemistry of obtained
compounds and assignments'df **C and™N signals were made with the aid @bsy
(2D 1H,1H homonuclear shift correlation spectrosgppTOCSY (2D 1H,1H
homonuclear total shift correlation spectroscotNQESY (Nuclear Overhauser Effect
(NOE) based 2D 1H,1H homonuclear shift correlatpectroscopy), HSQC (2D 1H-
detected 1H,13C correlation via heteronuclear sigglantum coherence and double
inept transfer), edited-HSQC (HSQC with CH mulogly editing), HMBC (2D 1H-
detected 1H,13C multiple bond correlation via hateclear zero and double quantum
coherence optimized on long range couplings), LRBdAMIlong range HMBC optimized
on very small couplings), 15N-HMBC (1H,15N HMBC nginatural abundance of 15N-
isotope ) and 15N-LR-HMBC (long range 1H,15N HMB@®timized on very small
couplings) spectra. Mass-spectra were recordedrato& MS-30, ionizing energy equal
to 70 eV. Chromato-mass spectra have been obtamsgdectrometer PE SCIEX API165
(ELSD UV254), column Synergi 2u Hydro-RP MercuryDx2.0 mm. Electronic
absorption spectra were recorded on an APELPD_308pRActtrometer and fluorescent
spectra — on Cary Eclipse (Varian) spectrofluorenePhoto-irradiation was carried out
using an L 5283 xenon lamp (HAMAMATZU lamp) througHight filter to select light
in UV region at 360 nm and in the visible region420 nm with corresponding glass

filters. Analytical thin layer chromatography wasrformed on silica gel plates (Merck,



6

Kieselgel 60, 0.25 thickness) with F254 indicat@olumn chromatography was

performed on silica gel (Merck, Kieselgel 60, 7M20 230-400 mesh).

2.3. Snglecrystal X-ray analysis

The X-ray crystal structure analysis was made @&muker SMART APEX2 CCD
(MoKa radiation,, = 0.71073 A, graphite monochromator, T = 120 Bmax = 56.5°).
The structure was solved in Olex2 [12] with theel3A [13] structure solution program
using Direct Methods and refined with the ShelX#][lrefinement package using Least
Squares minimization. Non-hydrogen atoms were eefianisotropically. Crystal data for
7a: CaaHosCIsN4O, (M =615.92 g/mol): triclinic, space group P-1 (129, a = 10.2992(7)
A, b = 10.6702(8) A, ¢ = 14.7989(11) A, = 76.790(2)°,p = 86.793(2)°,y =
68.3190(10)°, V = 1470.55(19)°AZ = 2, Dcalc = 1.391 g/cin 16939 reflections
measured (2.8282 20 < 56.56°), 7312 unique (Rint = 0.0334, Rsigma = RA5wvhich
were used in all calculations. The final R = 0.0%84 26(1)) and wR2 = 0.1183 (all
data). Crystal structure has been deposited withilCidge Crystallographic Data Center

(CCDC reference number 1454727).

2.4. Powder diffraction study
Powder pattern was measured with Huber G670 Guaastera (Cu k& radiation,
A = 1.54059 A, transmission mode) in the 3 -2 208 region. Orthorhombic unit-cell

dimensions were determined using three indexinggnaras: TREOR90, ITO and
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AUTOX. Space grougPbca was assigned taking into account the systematinatons.
The crystal structure was solved with the use ofutated annealing technique and
molecular model taken from the single-crystal gtrcee of solvated form. The solution
found was refined with the program MRiAa a bond-restrained Rietveld refinement (see
Fig. 2B in SI) in the same way as was reportedezarCrystal data for solvent fret:
Cs2H24N40; (M, =496.55 g/mol): orthorhombic, space group Pbca §iap,a = 48.703(4)

A, b =14.5829(19) Ac = 7.1614(11) A, V = 5086.2(11)%AZ = 8, Q.. = 1.297 g/cm
powder pattern was measured in 3 2 Z@ region with 0.0 step. The final R-factors
are: R, = 0.0231,R,, = 0.0297,R, = 0.0177,x* = 2.83. Crystal structure has been

deposited with Cambridge Crystallographic Data €eriCCDC reference number

1443154).

3. Synthesis

We have found a novel way to synthesize pyraesliof coumarin series.
Interactions of coumarim,p-unsaturated carbonyl derivatives with arylhydrasins
known to provide promising route to new heterozatlon reactions [15-21]. For
example, interaction of 2,3-dihydrofuro[3cRzoumarin-3ene 2 and its benzilydene
derivatives3 with arylhydrazines has earlier been studied [ZR,€&mpound2 reacts
with phenylhydrazine in acetic acid or in toluenghwormation of hydrazinoimind as

the only product both at excess of phenylhydraame at reactants equimolar ratio [22].



8

Compounds 3 interact with phenylhydrazine in toluene with f@tion of ozazon®
[23]. It should be noted, that furanone ring opgnimdergoes in both reactions without

breaking of C(4, coumarin)-O(furanone) bond.

NS0 ]

3 @)IC\C%N\N/H
075 0 Ao N0 " ©
1
2 3 4 5

Another path of coumarin derivatives interactiothvarylhydrazines is reported in this
paper. Reaction of cinnamylidene derivativeswith arylhydrazine chlorohydrates
undergoes with “substitution” of furanone ring inH-2uro[3,2-cJcoumarin-3-one
fragment for pyrazole cycle. TheC(4, coumarin)-O(furanone) bond and C-C(furanone)
bond turned to be substituted for C=N and C-N Isorekpectively along heating of
compoundss with 2.5 mols arylhydrazine chlorohydrates inagtbl for 2 hours. 3-(5-
Benzyl-1-phenyl-4,5-dihydroI-pyrazol-3-yl)-2-phenylchromeno[4 @pyrazol-4(2H)-
ones7/ (6) have been found as predominant products of theios: with yields up to 53%

(Scheme 1).



6a: R=H
6b: R=0CI;

7a: R=H, R'=H

7b: R=OCHs, R'=H
7¢: R=OCH3, R'=F

7d: R=H, R'=F

7e: R=H, R'=OCH,

Scheme 1. Synthesis of 3-(4,5-dihydroftpyrazol-3-yl)-chromeno[4,8}pyrazol-4(24)-

ones/.

One can suggest that interaction of compouhagth arylhydrazines chlorohydrates

undergoes by the Scheme 2.

/ N
0 ®8 " 0
0 H3N\NH Et,N HN
o + | N AN ph
EtOH, t°
0~ o Ph (-He) OH
0~ S0
Ph I
AN
Ph <l NH
N—N N @/NH3 HN (0]
_Ph
| 2~/ "N PhHN th
0
o Ph EtsN (-HCI, -2H,0) o No

Scheme 2. Proposed mechanism of 3-(4,5-dihydré{iyrazol-3-yl)-chromeno[4,3-

C]pyrazol-4(2H)-ones7 formation.
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On the first step R-furo[3,2c]coumarin-3ene 6a reacts with phenylhydrazine as
a nucleophile at position 4 of coumarin fragmemice the coumarin 3-4 double bond is
strongly activated to such Michael addition by twesbonyl functions that are conjugated
with this bond. Michael addition is then followed/ buranone cycle opening and
intermediate enolate-ion formation. Subsequent amdalecular cyclization of
phenylhydrazido-function to pyrazole ring leads3teinnamoyl-2-phenylchromenol[4,3-
C]pyrazol-4(24)-one unit. Its tandem interaction with the seconol of arylhydrazine
provides formation of the final compouiid.

The proposed mechanism (Scheme 2) of interactiofud${3,2-c]Jcoumarin-3-one
cinnamylidene derivatives with arylhydrazine chloydrates is in accordance with
exclusive formation 2-phenylchromeno[4yrazol-4(2H)-one key fragment of the
compounds/ in the reaction. The reported route of 2-phenylofeno[4,3€e]pyrazol-
4(2H)-one derivatives syntheses is based on intera@i@cetyl-4-hydroxycoumarin
phenylhydrazone with phenylhydrazine chlorohydrdteundergoes with formation of
mixture of 2-phenylchromeno[4dpyrazol-4(2{)-one and 1- phenylchromeno[4,3-

c]pyrazol-4(1H)-one derivatives [24, 25].

4. Structural aspects

The composition of the final producitsvas established by means of elementary analyses
and HRMS. New pyrazolines of coumarin series p@ssesy poor crystalization ability.

Therefore, structures of all compounds were deterchby 'H, °*C and N NMR
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spectroscopy using 1D and 2D HSQC and HMBC speS$tracture of the compourith
was determined in much more detail with use of DEROSY, TOCSY, NOESY,
editing-HSQC, LR-HMBC*N-HMBC and™N-LR-HMBC spectra (Sl, p.8). Key cross-
peaks and correlations in 2D NMR spectra are shawng. 1 by color arrows. Looking
for molecular structures of the final compounds,sample labelled by tw&N-atoms

(N11 and N22) has been obtained in the reactidbafith of >NH,-NH-CgHs.HCI (S,

p.3).

N-HMBC
LR-HMBC
HMBC

NOE

Fig. 1. Key cross-peaks and correlations in 2D NMR spettrathe 7a structure
assignments indicated by arrows (blue — NOE; lighte — absence of NOE; red —

HMBC; pink — LR-HMBC; green °N-HMBC; orange —°N-LR-HMBC).

Crystallization of the compoundsfrom different solvents has not provided crystals
suitable for X-ray diffraction studies, since powdmmples have only been isolated
along the procedure. However, crystals suitableXtgay diffraction studies have been
obtained for compounda chloroform solvate by slow concentration of itdocbform

solution. The molecular structure @a chloroform solvate is represented in Fig. 2
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(structureA). Chromenol4,3-c]pyrazol-4-one fragment is almost afait forms angles

of 57° with the plane of the phenyl and of 31° wiltie plane of the C21-N22 double
bond, which, in its turn, forms an angle of 8° wikie plane of the neighboring phenyl.
Molecule conformation is stabilized by intramolesnuN22-pi(C13) stacking with N22-
C13 distance being 2.93 A and intramolecular hydnolgond (C31-H...02) with C...O
distance being 3.106(2) A and C—H...O angle being .140alysis [26, 27] of calculated
electron density (PBEO-D3/TZVP, see Sl) estimates €H...O interaction to be ~6
kcal/mol (see S4 for details), thus being a stréwygrogen bond [28]. The crystal
structure of7a chloroform solvate is stabilized by C-H...N and C=@® interactions of

7a with chloroform, intermolecular C—H...O bonds andarhenone-phenyk-stacking

(SI, p. 4, 5).

Fig. 2. A - General view of compounda in its chloroform solvate given with atomic

displacement ellipsoids at p=50%; - Molecule conformation o¥a in its pure form
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(powder XRD study).

Molecule conformation ofa in its pure form has been found from powder XRgt
following the procedure used by us earlier (FigstB,ctureB) [29]. This conformation is
quite different from that in the chloroform solvdtgg. 2, structuré\). The main change
Is the twist around C19-C21 bond. Although, confation is again stabilized by similar
N22-pi(C13) stacking and rather strong C31-H...O2 dyohowever, involving a

different hydrogen.

5. Compounds 7 as photogener ator s of H*-acidity

Compounds 7 possess photochemical activity and behave theesebs acid
photogenerators (abbreviated in this papePA&S). As it is seen in Fig.3, they change
both absorption and emission spectra in carboadiioride or in toluene +Clg (2-5%)
under illumination at the absorption maximum of @ound 7. Due to
phototransformation of compound 7a emission of sddution @ at 505 nm) is
disappeared along illumination since photoproduecically has no fluorescencek.f
at 400 nm).

Being illuminated in the same solutions in the pree of acid-base indicators,
Thymol Blue, for instance, compoundsprovide coloring related to the increase of

solution acidity. The compound3 activate also intensive fluorescence of laser
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Rhodamine dyes, namely Rhodamine B, when illumthatehe presence of Rhodamine
lactone forms. These forms are known to be easilwerted into open forms in the

presence of acids [30].

D °% ) - a.u
0,7 4000

r

0,6 3500

3000
2500

0,5
0,4
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0,3
1500
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500
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0

300 350 400 450 500 550 600 650 700

Fig. 3. Electronic absorption (left) and emission (rigdtcitation wavelengths = 305 and
400 nm ) spectra of compouiid in toluene (+ lg) solution before (1) and after (2-
10) irradiation at 420 nm

The changes in the electronic absorption and eomsspectra of toluene (+Clg)
solution, containing compounth and Rhodamine B lactone form are shown in Fig. 4:
the increase in intensity of the absorption barisb@tnm and of the emission band at 590
nm is due to an increase in the concentration ef Rfnodamine B open form. It is
important that similar irradiation of Rhodamine &ctone form in toluene containing
C,Clg without compoundra does not result in any spectral changes. It shbalaoted

that electronic absorption of compourd photoproduct is shifted into the shorter
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wavelengths (as it is seen in Fig. 3) and do nietrsect emission band of Rhodamine B
open form. These results provide good perspectmesew pyrazolines to be used in
archival optical recording media as acid photogatoes. As we have shown, compounds

7 effectively activate Rhodamine B fluorescencpatymer films as well.

D 6 - 900

- 800
0,8 - 700
1 - 600
06 - 500

- 400
0,4

- 300

00 6 - 200

1 - 100

300 350 400 450 500 550 600 650 700  s5g5p 650 750
A, nm A nm

Fig. 4. Electronic absorption (left) and emission (rigékcitation wavelength =

560 nm) spectra of toluene (#l¢) solution, containing compounth and Rhodamine B
lactone form before (1) and after (2-6) irradiataa20 nm

Irradiation of both polymethylmethacrylate (PMMA)dpolystyrene films containing

compound7a, hexachloroethane and Rhodamine B lactone forr868t nm provides

coloring and fluorescence activation of the polynfitms. Absorption and emission

spectra of the PMMA film along illumination are stioin Fig. 5.
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Fig. 5. Emission (right) spectra of PMMA film, containingompound 7a,
Rhodamine B lactone form and@;g before (1) and after (2-13) irradiation at 420 nm
(excitation wavelengths = 400 and 560 nm )

Two organic reactions which initiate the coloring a PMMA film, namely
photodehydrogenation of pyrazoline derivativa and Rhodamine B lactone ring

opening, occur in a polymer matrix (Scheme 3).
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Scheme 3. Acid photogeneration by new coumarinylpyrazolif@sRhodamine laser dye
fluorescence activation

PAGs are widely used for a vast range of practical isppbns including optical
information recording, microlithographic imaging ti photoresists, photodynamic
therapy and photocontrol of enzymatic activity [3Hor instance, arylsulfonium salts
provide acid generation under illumination and cntly initiate Rhodamine
fluorescence activation in optical information reting materials. Photochromic
bis(thiazolyl)benzothiophene derivatives have bieemd as effective photoinitiators for
the cationic polymerization of cyclohexene oxiddowever, the reporteBAGs absorb
light in the near UV-region which is not fitted feome (e.g. biochemical) applications.
In opposite, compound3 are photosensitive at 360-420 nm, have no tauiomer
transformation, form nonfluorescent photoproductd almok therefore as rather
perspectivdPAGs.

Moreover, new coumarinylpyrazolines 7 can be uséfuloptical information
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recording not only as acid photogenerators. In epeo to 4-hydroxy-3-
pyrazolinylcoumarind that form fluorescent products under illuminaticompounds 7
are dehydrogenated with complete disappearingtehgive fluorescence as it is seen in
Fig. 3. This property provides application of carmylpyrazolines 7 in optical
information recording without use of Rhodamine daet form or any other additional

source of fluorescence.

6. Synthetic procedures

2H-Furo[3,2-c]chromene-3,4-dion2 has been obtained as reported in [22]. Below
synthetic protocols are given for compoutedsand7a. Synthesis of other compounds is
described in SI.

6.1. Synthesis of compound 6a

Cinnamaldehyde ( 2 mmols) in 3 ml acetic acid reenbadded by dropwise to solution

of 2H-furo[3,2-c]chromene-3,4-diorie(1.5 mmol) in 15 ml acetic acid. The mixture has
been boiled for 1 h. The formed precipitate waserfdd off and recrystallized from acetic
acid.

2-[ 3-phenyl prop-2-en-1-ylideng] -4H-furo[ 3,2-c] chromene-3,4(2H)-dione 6a: Yield
30% (AcOH), m.p. 229-230C. 'H NMR (200 MHz, CDC)): 7.01 (dd, 1H, Hf), Iy,
ey =11.6,Jean, on=0.6), 7.17 (d, 1H, Hf, @) ny=15.8),7.34 (dd, 1H, HY), >,
18=11.6,%Jup), Hy=15.8), 7.38-7.65 (m, 7H, H(2 H(3), H(4), H(5), H(B), H(6), H(8)),
7.82 (m, 1H, H(7)), 8.09 (dd, 1H, HB&)s)+He6=8.0, ), nz=2.0). MS, m/z: 316 {1,
70), 317 ([M+1] 20). Found(%): C, 76.01; H, 3.8@l€ for GoH;,04(%): C, 75.94; H,
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3.82.

6.1. Synthesis of compound 7a

Compound6a (1 mmol) and arylhydrazine chlorohydrate (2.5 mnwve been boiled
for 2 h in 20 ml of ethanol in the presence of 1 ahltriethylamine. The formed
precipitate has been filtered off and recrystatli®m ethanol.
3-(5-benzyl-1-phenyl-4,5-dihydr o-1H-pyr azol -3-yl)-2-phenyl chromeno] 4,3-c] pyrazol -
4(2H)-one 7a: Yield 53%(EtOH), m.p. 155-186. *H NMR (200 MHz, CDC{+DMSO-
dg): 2.70 (dd, 1H, Ha(13), @ nepr14.0, Jhpc=2.0), 2.93 (dd, 1H, K (13),
?Inca) Ho=14.0,%3h) c=8.0), 3.58 (narrow m, 2H, GHL1)), 4.64 (m, 1H, H(12)), 6.64(d,
2H, H(2"), H(8"), 3J4,+=8.0), 6.77 (t, 1H, H(4), *J,;s=8.0), 7.05-7.55(m, 15H, H(3),
H(S™), H(Z"), H(6"), H(3"), H(8"), H(4"), H(2), H(3), H(4), H(5), H(6), H(6), H(7),
H(8)), 8.04 (dd, 1H, H(5)*)s=8.0,%Js =2.0). MS, m/z: 497,5 (100) [M+1]. Found (%):

C, 77.31; H, 4.86; N, 11.30. Calc. fos8,:N40,(%): C, 77.40; H, 4.87; N, 11.28.

7. Conclusions

In conclusion, we report “substitution” of a furamoring for a pyrazole one in 2H-
furo[3,2-cJcoumarin-3-one derivatives via one-pcandem reaction of 2-(4-R-
cinnamyliden)-#-furo[3,2<c]coumarin-3enes with 2 mols of arylhydrazines
chlorohydrates. The reaction provides new regiaseke route to 2-phenylchromeno[4,3-

Clpyrazol-4(21)-one derivatives.  These aryl(hetaryl)pyrazolinde not undergo
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tautomeric transformations both in organic solvesmsl in polymer films and behave
themselves as effective acidity photogenerators Rbbdamine dyes fluorescence
activation. In this sense the new aryl(hetaryl)pgtmes look to be more effective in the
fabrication of two-photon volumetric optical memanaterials when compared with 4-

hydroxy-3-pyrazolinylcoumarins.
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New aryl(hetaryl)pyrazolines are effective acid photogenerators

New aryl(hetaryl)pyrazolines provide fabrication of optical memory
materials



