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SYNTHESIS OF DEHYDROACETIC ACID DERIVATIVES WITH CHROMOPHORIC
CHAINS AND THEIR COMPLEXES WITH ZIRCONIUM PHTHALOCYANINE*

Dyes based on derivatives of dehydroacetic acid were synthesized by its condensation with aldehydes. The
synthesized compounds were used to prepare out-of-plane complexes with zirconium phthalocyanine. The
composition, structure and spectral properties of the compounds were characterized by NMR and UV-Vis
spectroscopy. An additional chromophorein the macrocydic system is manifested by the broadening of the
Soret band, its bathochromic shift and appearance of shoulder on thered side of the Soret band.
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INTRODUCTION. Phthalocyanines are widely
studied as photosensitizers to create artificial pho-
tosynthetic syssemsfor the conversion of solar ener-
gy [1]. Their absorption spectra havetwo maximain
thevisbleregion: the Soret band (330—340 nm) and
the Q-band (680—690 nm) [2]. Theidea of thiswork
is the synthesis of new phthalocyanine complexes,
which have a higher absorption in thevisibleregion.
For this purpose, b-dicarbonyl ligands, that contai-
ning unsaturated chromophoric chain, were intro-
duced into phthalocyanine complexes of zirconium.

Previoudy, the method of phthalocyaninesmo-
dification by ligand exchangereaction at the central
metal atom of macrocycle have been developed in
our group. b-diketones|[3], keto-esters[4], dehydroa-
cetic acid (dha) [5] and other compoundswith chela-
ting groups in the heterocyclic part of the molecule
were successfully used as out-of-plane ligands. The
present work describes synthess of dha derivatives
by condensation of dha with aldehydes. The propo-
sed methodsissimilar to theonegiven in thework [6].

The presence of several reaction centersin the
molecule of dha makes it possbleto obtain a wide
range of derivatives, including chalkones, condensed
and heterocyclic sysemssuch aspyrone, pyrimidine,
pyridazine, etc. [7]. Thesederivativesare used aspro-
bes to determine amine in solution [8], antimicrobi-
al or fungicidal agents [7]. The acetyl group of dha
guiteeadly reactswith benzaldehydein the Claisen—
Schmidt reaction. For the first time condensation of

dha with benzaldehyde was described by W.Hale [6].
The gructure of the obtained compounds has been
darified and ultimatdy proved in thework [9]. Thus,
it was found that chalkones, which formed by the
interaction of dha and aldehydes, are the b-keto-enol
heterocydlic syssems with chdating groups and un-
saturated chain:
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These colored compounds have an absorption
maximum in the spectral region between 300 and
450 nm. They are similar to the dha and can form
complexeswith boron [8, 10] and metals[11—15].

EXPERIMENT AND DISCUSSION. Recently we
havereported that the dha formscomplexesnot on-
ly with metal cations, but also with more complex
systems, such as coordinatively unsaturated zirconi-
um and hafnium phthalocyanines [5]. The aim of
thiswork wasthe synthesisand study of the spectral
propertiesof the phthalocyanine complexesof zirco-
nium with dha derivatives asout-of-plane ligands.

D ha derivatives were obtained by condensati-
on reaction with various aldehydes which have un-
saturated chain or donor substituents.

Four compounds have been received (scheme 2)
with crotonic (L 1), cinnamon (L 2), and 3- and 4-hy-
droxybenzoaldehydes(L 3, L4). All of these substan-
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ces posess the yelow-orange color. The absor-
ption maxima of L2 and L4 in UV-Vis spectra are
bathochromic shifted to about 30 nm rdatively to
L1 and L3, respectivey (table).

UV-Vis_a:)ectroscopy data of the dha derivatives L15—L4
)

(C=140"M) and complexesPcZr(L 1. 4), (C=540"M
in DM SO (I max, nm, (1ge))
PcZrL,
L (free L band)
B-band band L Q-band

L1 350 (4.24) 340 (4.56) — 690 (4.75)
L2 379 (4.29) 346 (453) 417 (421) 690 (4.75)
L3 366 (4.23) 345 (4.54) 410 (3.60) 690 (4.74)
L4 395 (4.25) 348 (4.54) 413 (4.05) 689 (4.75)

The general method of synthesis of dha conden-
sed derivativesL 1-L 4. Thereactionswere performed
by dlightly modified procedure given in thework [9].
To 0.1 mol of dhain 70 ml of isopropanol wasadded
an equimolar amount of aldehyde and heated up to
boiling temperature. 10 dropsof a mixtureof pyridi-
ne and piperidine were added to the boiling homo-
geneous solution (1:1 by volume) and boiled for 4 h.
The half of the solvent was distilled, cooled down
and filtered from fell out crystals. The product was
washed twice on the filter with small amount of
isopropanol and recrystallized from DM F-isopro-
panol sysem. After that the product was filtered,
washed on the filter with isopropanol, twice with
water and air dried.

(LY. 3+(2E4E) -hexa-2 4-dienoyl-4-hydroxy-6-me-
thyl-2H-pyran-2-one. Yidd: 27 %. M .p. =150—154°C.
Found, %: C 65.53; H 5.41. Anal. Calcd. (%) for
CoH 104 C 6545 H 5.49. 'H NMR (400 MHz,
CDClI53) d 18.08 (s, 1H), 7.59 (p, J=15.0 Hz, 2H),
6.62—6.15(m, 2H), 5.92 (s, 1H), 2.26 (s, 3H), 1.92 (d,
J=6.0Hz 3H).
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(L2). 4-hydroxy-6-methyl-3-( ( 2E,4E) -5-phenyl-
penta-2,4-dienoyl) -2H-pyran-2-one. Yidd: 72%. M .p.
=170-175 °C. Found, %: C 71.79; H 4.98. Anal.
Calcd. (%) for C;H1404: C 72.33; H 5.00. NMR
(400MHz,CDCl3) d18.09 (s, 1H), 7.80 (dt, J=14.9,
12.3 Hz, 2H), 7.52 (dd, J=8.2, 1.3 Hz, 2H), 7.44-
7.31(m,3H),7.18-7.01(m, 2H),5.95(s 1H), 2.28(s 3H).

(L3). (E)-4-hydroxy-3-( 3-( 3-hydroxyphenyl)
acryloyl) -6-methyl-2H-pyran-2-ore Yidd: 33% M p.
=265—270 °C. Found, %: C 66.13; H 4.51. Anal.
Calcd. (%) for C15H 1,05: C 66.17; H 4.44. H NMR
(400 MHz, DM SO) d 17.66 (s, 1H), 9.77 (s, 1H),
8.11 (d, J=15.8Hz, 1H), 7.81 (d, J=15.8 Hz, 1H),
7.28(t,J=80Hz 1H), 7.13(d, J=6.4Hz, 2H), 6.89
(dd, 1H), 6.28 (s, 1H), 2.26 (s, 3H).

(L4). (E)-4-hydroxy-3-( 3-( 4-hydroxyphenyl) -
aaryloyl) -6-methyl-2H -pyran-2-one. Yidd: 21%. M.p.=
=210-215°C. Found, %: C 65.90; H 427. Anal. Calcd.
(%) for Cy5H 1,0 C 66.17; H 4.44. '"H NMR (400
MHz, DMSO) d 18.08 (s, 1H), 10.35 (s, 1H), 8.01
(d, J=15.7Hz 1H), 7.88 (d, J=15.7 Hz, 1H), 7.59
(d,J=85Hz 2H), 6.87 (d, J=85Hz 2H), 6.25 (s,
1H), 2.25 (s, 3H).

Complexes of zirconium phthalocyanine with
dha derivatives (scheme 3) were obtained by ligand
exchangereaction similarly described in thework [5]
for thedha. ThePcZr(L1—L4), arerich blue crystal-
line substances that are soluble in the most organic
solvents (benzene, toluene, chloroform etc). Thecom-
plexeswere characterized by HNMR, UV-Visgpe
ctroscopy and elemental analysisfor metal.

The general method of synthesisof phthal ocyani-
ne complexes of zirconiumwith dha derivatives asout-
of-plare ligands (scheme 3). 445mg PcZr(C;HsCO0),
(0.5 mmol) dissolved in 2 ml of toluene under hea-
ting; 1.2 mmol of dha derivatives (20 % excess) also
dissolved in 2 ml of toluene under heating. Reagents
were mixed and refluxed for 5 h, and then reaction
mixture was cooled. The reaulting crystalline preci-
pitate was filtered and washed with large amount of
acetone. Product wasdried at 60 °C.

PcZr(L1),. Bis[ 3-( 2E,4E) -hexa-2,4-dienoyl-4-
hydroxy-6-methyl-2H -pyran-2-onato] zirconium phtha-
locyaninat. Yidd: 27 %. Found, %0. Zr 8.91. Anal. Calcd.
(%) for CsgHgNgOgZr: Z, 8.75. H NMR (400MHz,
CDCl3) d 9.57-9.00 (m, 8H), 8.32-7.93 (m, 8H),
6.60 (t, J=17.7 Hz, 2H), 6.20-5.93 (m, 2H), 5.87 (t,
J=12.3 Hz, 2H), 5.44-5.17 (m, 3H), 4.79 (s, 1H),
1.99 (s, 6H), 1.76 (d, J=6.7 Hz, 6H).
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PcZr(L2) ,. Bis| 4-hydroxy-6-methyl-3-( (2E,4E) -
5-phenylpenta-2,4-dienoyl) -2H -pyran-2-onato] zirco-
nium phthalocyaninat. Yidd: 72 %. Found, %: Zr 7.73.
Anal. Calcd. (%) for CggH4oNgOgZr: Zr 7.82. 4
NMR (400 MHz, CDClj3) d 9.80-9.07 (m, 8H),
8.50-7.94 (m, 8H), 7.66-7.12 (m, 10H), 6.89(d, J =
=62.1 Hz, 4H), 6.43-6.03 (m, 4H), 4.91 (s, 2H),
2.07 (s, 6H).

PczZr(L3) 2. Bis[ (E)-4-hydroxy-3-(3-( 3-hyd-
roxyphenyl) acryloyl) -6-methyl-2H -pyran-2-onato]
zirconium phthalocyaninat. Yield: 39 %. Found, %:
Zr 779 Anal. Calcd. (%) for CgoH3gNgO10Zr: Z
7.96. H NMR (400MHz, DM SO) d9.61 (s, 2H),
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9.40 (dd, J=5.5, 3.0 Hz, 2H), 9.17-8.93 (m, 4H),
8.33(dd, J=5.8, 25 Hz, 2H), 8.22 (dd, J=5.2, 3.3
Hz, 2H), 8.11 (dd, J=8.0, 44 Hz, 4H), 7.24 (t, J =
=7.3Hz 1H), 7.20-7.08 (m, 3H), 7.08-6.90 (m, 3H),
6.78(dd,J=7.9,1.5Hz1H),6.53(s 1H),6.12(d, J =
=155 Hz, 1H), 6.07 (d, J=7.4 Hz, 2H), 4.85 (s,
2H), 3.36 (s, 2H), 2.01 (s, 6H).

PczZr(L4) . Bis[ ( E)-4-hydroxy-3-( 3-(4-hyd-
roxyphenyl) acryloyl) -6-methyl-2H -pyran-2-onato]
zirconium phthalocyaninat. Yield: 21 %. Found, %:
Zr 7. 74 Anal. Calcd. (%) for C62H38N80102r Zr
7.96. '1H NMR (400MHz, DM S0O) d10.32 (s, 2H),
9.54-9.43 (m, 2H), 9.35-9.26 (m, 2H), 9.26-9.11 (m,
4H), 8.45-8.30 (m, 4H), 8.24-8.10 (m, 4H), 6.94
(d,J=15.3Hz 2H),6.72(dd, J =36.1,8.4Hz, 8H),
6.23(d, J=15.0Hz, 2H), 4.86 (s, 2H), 2.02 (s, 6H).

The characteristic absorption bands of phtha-
locyanine compounds present in UV-Vis spectra of
phthalocyanine complexes of zirconium with dha
and itsderivatives (figure) at the about 350 and 690
nm. A position of the Soret band of complexeswith
dhaistypical for phthalocyanine systems, but in the
case of PcZr(L 1), the Soret band iscondderable bro-
adened due to the superposition of the absorption
maxima of the Soret band of phthalocyanine system
and the absorption band of L1. In the spectra of
PcZr(L2),—PcZr(L4), complexes the Soret bands
have shoulder in thered region of the spectrum (fig-
ure). Application of the method of expanding of the
gpectral bands into Gaussian components allowed
diginguish the absorption maxima of the ligandsin
the complexes. The absorption maxima of ligandsin
complexes (except PcZr(L1),) are bathochromic
shifted by 2040 nm as compared with absorption
bandls of thefreeligand.

H NMR spectrawererecorded onaVarian VXR
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UV-Vis spectra of PcZr(dha), (solid), L4 (dot) and
PczZr(L4), (dash) in DM SO.
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(300 M H2) spectrometer, internal gandard — TM S,
solvent — CDCl3 or DM SO-d6. The UV-Vis absorp-
tion spectra were obtained on a spectrometer Per-
kin Elmer UV/VIS Lambda 35 in quartz cuvettes
with a thickness of the absorbent layer 10 mm in
DM SO, the concentration of the substances was
507> mol/.

CONCLUSIONS. The dha derivatives with al-
dehydes and their complexes with zirconium phtha-
locyanine were obtained. In these complexes, two
chromophores (phthalocyanine and dha derivati-
ves) were combined into one macrocyclic molecule
through the metal atom. An additional chromopho-
rein the macrocyclic system appearsin the UV-Vis
absorption spectra by broadening of the Soret band,
its bathochromic shift and presence of shoulder in
thered region of the Soret band.

PE3IOME. CunrezoBaHO OapBHHKH Ha OCHOBI IO-
XITHUX JETiIpaneToBoi KUCIOTH il B3a€EMOIIEI0 3 albIerTi-
namu. 1[i 6apBHUKY BUKOPUCTAHO B CHHTE31 HOBHX (Ta-
JIOLIaHIHOBUX KOMIUIEKCIB IIUPKOHIIO 3 MO3aIUIOIMHHHU-
Mu girangamu. Merogamu [IMP-cniekrpockomii, ECII
BCTaHOBJICHO CKJIaJl, 0yOBY Ta CIIEKTPaJIbHI BIIACTUBOCTI
OTpuUMaHMX croiyk. /lomatkoBuit xpoMoop y Makpo-
UKJIYHIA CHCTEMI IPOSBIAETHCA B 3HAYHOMY YIIHPEHHI
cmyru Cope, i 6aTOXpOMHOMY 3CyBi Ta TOsIBiI IUIeda B
yepBoHiit ob6macti ECII.

KumrouoBi ciioBa: ferigpameroBa KUCI0Ta, (TaloniaHiH
uupkonito, ECII.

PE3IOME. CunTe3upoBaHbl KpacUTEIN Ha OCHOBE
MPOU3BOHBIX JETHAPANETOBOIN KHCIOTHI € KOHIEHCa-
uel ¢ anpaerngaMu. OTH KPACUTENH HCIIOJIB30BaHBI B
CHHTE3€¢ HOBBIX KOMIUIEKCOB (pTajonMaHMHA HUPKOHHS
C BHEIUIOCKOCTHBIMU nurangamu. Cocras, CIpyKTypa U
CIEKTpaJIbHbIE CBOMCTBA MOJyYEHHBIX COEAUHEHUIl ycTa-
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HOBNeHbl ¢ momombio [IMP u JCII. JononHuTENb-
HBIH XpoMOGOp B MaKpOUMKIMYECKOH CHUCTEME MpOsiB-
nsercs ymupeHneM mojockl Cope, ee 0aTOXpOMHBIM
CIIBUTOM U TIOSIBJIEHHEM IUIe4a B KpacHoi obmactu DCII.

KaroueBble c10Ba: JeryapaneroBas Kuciora, ¢prao-
nuaHuH nupkonus, OCII.
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