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Abstract—1,3-Diethoxy-2-R-5,5-RR'-1-cyclohexenylium perchlorates in condensation with 2-hydroxyaryl-
aldehydes under dehydration conditions gise to 3-ethoxy-1,2-dihydroxanthylium perchlorates thath

the second molecule of 2-hydroxyarylaldehyde affordHidhromeno[3,2-b]xanth-5-ylium perchlorates, and
with primary and secondaryamines yield 3-(RR*-amino)-1,2-dihydroxanthylium perchlorates. The
condensation of 2-bromodimedone with salicylaldehydes in triethyl orthoformate panchloric acid
medium furnished 6-bromo-13,13-dimethylH&hromeno[3,2-b]xanth-5-ylium perchlorates. The latter
compounds showstrong fluorescence in 53630 nm region with0.48-0.98 quantum efficiency.Under
similar conditions the dimedone and 2-acetyldimedone afford with 2-hydroxyarylaldehydes tris-condensation
products: 2,10-dimethoxy-6-(3-methoxy-6-0x0-2,4-cyclohexadienylidenemethyl)-7,7-dimelthyl-7
chromeno[2,3-a]-xanth-13-ylium perchlorate and 2,10-dimethoxy-6-(6-methoxychromylium-2-yl)-13,13-
dimethyl-13H-chromeno[3,2-b]xanth-5-ylium diperchlorate respectively.

The condensation of 1,3-diketones and 2-hydroxy- Thus in reaction of oxoenols with more basic
arylaldehydes under treatment with perchloric acid i2-hydroxyarylaldehydes [8] the reactive form is the
known to occur at the central carbon atom of theprotonated aldehydéunction, and the condensation
carbon triad of the diketone yielding 2-hydroxystyryl occurs at the central atom of the oxoenol carbrasd.
derivatives that cyclizefurther into benzpyrylium On the contrary, inreaction with triethyl ortho-
salts | [2]. With 1,3-diketones possessing terminalformate the 1,3-diketone is more basic, and it is
methyl groups (acetylacetone, benzoylacetone) the
condensation afford_s 3-acetyl(benzoyl)-2-(2-hydroxy- of _AI(AD
styryl)-1-benzopyrylium perchlorate I1{ [3, 4]. | S
Oxoenols containing a methyl group ih position R ‘E:E)v\
(benzoylacetone, pivaloylacetone) with triethyl ortho- COAIk(Ar)
formate and perchloric acid givéese to2-R-4-ethoxy- I Clo,
pyrylium perchloratesll [5]. Under such conditions HO
from dimedone andlibenzoylmethane were obtained G R ocC
stable perchlorates of 5,5-dimethyl-1,3-diethoxy-1- o+\ x
cyclohexenylium Iva) and 1,3-diphenyl-1,3-di- R O |
ethoxypropenylium YY) respectively [6] that could Z COAIK(Ar) &7
operate as synthons in preparation of cyclic and Cl0,
acyclic oxoenols derivatives by replacement of the
ethoxy groups|7].
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528 OLEKHNOVICH et al.

stabilized on protonation as 1,3-dihydroxypropenyl- In the IR spectra of perchloraté8la -i are present
ium cation. Therefrom it may beoncluded that the absorption bands in the region 15490, 1200
choice of reagents and condensation conditions fot250, 1050-1150 cm*® characteristic of the bonds
the reaction with 2-hydroxyarylaldehydes may resultC=C, G-O-C, and CIO respectively11]. The data
in  compounds with important physico-chemicalon yields, meltingpoints, andcomposition of com-
characteristics unlike the products of KnoevenagepoundsVlla-i are given in Table 3, parameters of IR
condensation[9]. and'H NMR spectra in Table 5. Electron absorption
In the study were used 1,3-diethoxy-2-R-5,5-Spe‘:tfa of compouno\e_tllb -h in acetonitrile splutioq
R',R'-1-cyclohexenyliumperchlorates, unsubstituted €ONtain two bands in the longwave region with
and 2-substituted 5,5-dimethylcyclohexane-1,3-dionelronounced v@lrom_% structure: two strong 1%5;
dehydrating reagents (triethyl orthoformatecetic G-O)ng Imol “cm™] bands with maximai;may
anhydride), 70% perchloric acid, 16% solution of @1d A2max in the region 494532 and 524558 nm
perchloric acid in acetiacid, and various 2-hydroxy- 'espectively (Table 1). Electron-donor substituents
arylaldehydes.Since a propenyl cation o type (R = Br, CHO) provide a shift of the maxima
derived from dimedone has twactivated methylene *imax and Azma 1o the longwave region with
groups in4 and 6 positions it seemed promising to eSPect to those in the unsubstituted compouhid
use it in condensation with hydroxyarylaldehydes.(R" = H), and electron-acceptor group*(R NO,)
To this end were studied the previously describedffects a shift to the shortwaveegion. Theaceto-
perchlorate |Va [6], and also flrst Obta”']ed per_ nltl’lle SOIuUOnS. Of peI’Ch|Ol‘ateV||a —h ShOW Stl’Ohg
chlorates of 2-bromo-5,5-dimethyl-1,3-diethoxy- fluorescence with the quantum efficiengy0.73-0.98

cyclohexenylium Kvb) and 1,3-diethoxy-1-cyclo- (Table 1). The fluorescence spectra of compounds
hexenylium (Vc). Vllb -h solutions are wide bands with two maxima

fl fl :
At equimolar ratio of 2-hydroxyarylaldehydesl 7“1;}1“ apd homax Whereas the. short-wave maximum
with  1,3-diethoxy-2-R-5,5-RR'-1-cyclohexenylium (Amay) IS stronger than that in thlengwave region
perchlorates IVa-c under dehydrating conditions (Ajpa). The latter maximum in the spectrum of
(triethyl orthoformate acetic anhydride) the condens- compoundVlic appears as a shoulder. Theaxima
ation furnished perchlorates of substituted 3-ethoxyof the fluorescent bands are located in the regions
1,2-dihydroxanthyliumVila-i. Salts VIl can form 532-570 and 576620 nm respectively. The position
along two alternativeoutes: the firspath starts with of the bands in the fluorescence excitation spectra is
replacement of the ethoxy group by phenoxy one (P1ihe same as the maxima in the corresponding electron
with subsequent condensation; along the second pa@bsorption spectra. The electron-acceptor character-
occurs the condensation of a formyl group (P2)istics of the R substituent affect the fluorescent
followed by transetherification. The first path is spectra similarly to theffect on the electron absorp-
presumably more probable since as baen stated in tion spectra discussedbove.
[1] perchloratelVa does not react with anisaldehyde
apparently because of steric hindrané®m the
methyl groups in positiorb. The condensation of
perchlorateslVa, b with two moles of 2-hydroxy-
arylaldehydeVl, or of saltsVlla -i with one mole of

aldehydeVI results in 13H-chromeno[3,2-b]xanth-5- respective spectra of compount$la-h absorption

ylium perchloratesVllla -n (Scheme 1).Certain : : : - 2 abs
perchlorates oVIll type were prepared before [10] gﬁgdfaltg the longwave region with two maxirhgna

and were used as luminescent dyes photoactive in the 2max

region 606650 nm. For instance, saltglll were The electron-donor properties of the! R Br
prepared from dimedone sodiumalts, its 2-alkyl  substituent appear as red shift of the absorption
derivatives, butyllithium, and sodium salts of maxima in the brominated compounds with respect
2-hydroxyarylaldehydes with subsequent hydrolysigo nonbrominated/Illa -j compounds (R= H) (e.g.
and treatment with perchloriacid, and theyields did comparing compoundglllib with VIlIk, Vilic with

not exceedl6%. Unlike that our procedure permits VIlin ) (Table 2). In eaclseriesVllla -j andVlllk -v
application of 2-halosubstituted dimedones andhe effect of electronicproperties of substituents
provides also nonsymmetrical satdlld -f in 50- R°-R® on the absorption spectra is similar to that
75% yield. observed in the spectra of compoundsl: the

Physical constantgjields, andelemental analyses
of perchlorates/Ill are given in Table 4, the spectral
characteristics are presented in Table 6. In the elec-
tron absorption spectra of compounddlla -j, of
their bromoderivativesVIllk -v appear as in the
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Scheme 1.
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+VII
Ac,0 or CH(OEW),

VIIa—n (50-75%)

VIIa-i (40-60%)

VII,R'= RR= R'= R= H, R®= CH,0 (8); R°= CH,, R*'= R°= H (b); R*= CH, R*= CH,O,R'= R'=

R°= H(c); R*= CH, R*'= R®= R*= H, R = CH,CH=cH,(d); R®= CH,, R®= Br,R"'= R*= R°= H (e);
RP= CH, R= NO, R"= R*= R= H(f)) R®= R'= R= R°= R, R= CH,, R"= R*'= R°= H (g);
R'= Br, = CH, R®= R*= R = H (h); R'= Br, R = CH, R = CHO, R'= R°= H(i); VIl , R* =
RP= H,R'= R°= R°= R'= H,R= R®= CH0(@);R*= H,R= CH, R= R'= R°= R°= R'= R°= H

(b); = CH, R*'= H,R= RR= CHO,R'= R= R°= R'= H(0); R°= CH,, R'= H, R= CHO, R =
NO, R'= R°= R°= R'= H(d); R*= CH, R'= H, R*= CH,0, R = Br,R'= R°= R°= R'= H (¢); R
CH, RR= H,RR= CHO, R= RR= RR= R =R=H(@);R=CH, RR= H, R= CHO, R
CH,CH=CcH,(g); R°= CH,, R*'= H,R= CH,0,R = OH,R= R= R°= H,R= H(h); R’= CH, R*
H,R= R= CH,0,R= NO, R'= R°= H,R'= H(i); R*= CH,, R"'= H,R*= CH,0,R'= R°= H,R°=

R=C,R=H();R=CH,R= Br,R= R=R=R=R=R=HK);R=CH,R=Br,R=
RE= CH, R"'= R°= R°= R'= H(); R®= CH, R'= Br,R'= R'= CH, R*= R°= R°= R®= H (m);
R°= CH, R'= Br,RP= R*= CH,O0,R'= R°= R°= R’ = H (n).

electron-acceptor groups produce blue shift of thé/llla -j are located in the regioh! . 537-590 and
maxima of the longwaveband, the electron-donor Af _ 570-630 nm.

2max
roups produce red shift. Notkat perchloraté&/Illu , .
?Rs '2 pRs = N(CHy),], has apsingle longwave The maxima of the fluorescence bands of the salts

maximum in acetonitrile solution at 698 nm. The VIllk -v are somewhat shifted to more longwave
acetonitrile solutions of compound¥llla -j and region: Ay, 558-590 and Agna, 595-634 nm.
VIllk -v show fluorescence with quantum efficiency Therewith the fluorescence band of compouvitiu
0.54-0.96 and 0.480.87 respectively (Table 2). The [R® = R® = N(CH,),] has a single maximum at
maxima of the fluorescence bands of perchlorateg15 nm. The quantum efficiencies of fluorescence for
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Table 1. Electron absorption spectra and fluorescencelable 2. Electron absorption spectra and fluorescence
spectra of derivatives of 1,2-dihydroxanthyliuxilb -e;  spectra of perchlorates of H3chromeno[3,2s]xanth-5-
IXa-k; Xa-e, andXllb in acetonitrile solution ylium (Vllla -v) in acetonitrile solution

No. Absorption Fluorescence No. Absorption Fluorescence
}\‘maxv ex 1031 }\‘maxv (Pa }\‘maxv ex 1031 }\‘maxv (Pa
nm Imol™*cm™ nm nm Imol™*cm™ nm
Vilb 498 44.86 536 0.96 Villa 528 31.33 580 0.51
532 60.87 580 562 36.56
Vilc 521 38.75 570 0.73 Vilib 498 69.70 537 0.96
558 59.20 620 fl 532 85.56 570
Vile 502 37.50 550 0.98 Vilic 521 51.75 570 0.70
537 52.61 590 558 74.34 620
Viiid 521 57.57 570 0.74
VIIf 494 39.02 543 0.87 559 8181 620
527 53.28 590 Ville 502 49.36 543 | 0.72
Vlig 514 26.5 532 0.80 539 64.70 588
544 49.6 570 VIIIf 534 54.68 588 0.78
IXa 521 65.74 570 0.82 573 84.34 630
558 100.27 620 Vilig 521 58.50 570 0.74
IXb 521 61.69 570 0.86 558 83.88 620
557 94.47 620 Vilih 534 37.22 590 0.54
573 62.91 625 fl
T s | wista | eon | 0 vm | s | 4s0s |50 | 067
55 25
IXd 527 62.28 570 0.82 VIl 521 69.28 570 | 0.76
558 95.07 620 fl 561 96.87 620
IXe 521 81.42 570 0.81 VIlk 512 22.59 560 0.48
558 123.04 620 548 33.54 595 fl
IXf 521 55.06 570 0.88 Vil 519 53.12 570 0.82
558 78.97 620 556 82.80 620
IXg 521 56.17 570 0.92 VIlim 525 25.00 573 0.69
558 83.24 620 563 40.16 620
IXh 501 46.10 570 0.83 Vilin 532 56.03 590 0.53
558 66.63 620 o273 85.65 634
. Vlllo 510 36.26 558 0.61
IXi 498 60.33 537 0.88 548 57 69 628
532 73.33 580 Vilip 519 27.76 570 | 0.65
IX] 521 22.08 570 0.77 558 45.02 618
558 33.87 620 Vg 517 71.00 565 0.75
Xa 521 3.80 570 0.89 556 102.25 620
558 5.45 620 VIlIr 514 59.15 564 0.78
Xb 521 3.60 570 0.89 553 87.73 605 fl
558 4.90 620 Vllis 514 66.77 560 0.85
Xc 521 3.42 570 0.62 551 105.16 600 fl
558 3.50 620 VIt 514 60.73 565 0.87
Xd 521 6.35 570 0.84 553 90.38 620
558 9.16 620 Villu 698 81.79 715 -
Xllb 521 9.62 570 0.86 Viilv 532 66.23 570 0.66
558 17.25 620 573 113.76 620

& Quantum efficiency ofluorescence.

& Quantum efficiency offluorescence.
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Table 3. Yields, melting points, and elementahalyses of derivatives of 1,2-dihyroxanthyliumllb -i, 1Xa-j, Xa-d,
Xla-d, Xlla,b

Compd. Yield, mp, Found, % Calculated, %
no. % °C Formula

C H Hig N C H Hig N
Vilb 62 207-210 | 57.59| 5.36 | 10.68 - C,;H,CIO; 57.55| 5.40 9.99 -
Vilc 70 194-195 | 56.11| 5.43 9.30 - C,H,,CIO, 56.18 | 5.50 9.21 -
Vild 57 108-110 | 60.75| 5.81 9.06 - C,H,:CIO; 60.84| 5.87 8.98 -
Vile 64 238-240 | 47.01| 3.96 | 26.95 - C,H,sBrCIO, | 47.08| 4.18 | 26.60 -
VIIf 74 247-249 | 50.57| 4.36 8.98| 3.64 |[C,;H;;CINOq 51.07| 4.45 8.87| 3.50
Vilg 65 201-203 | 58.5 5.70 9.75 - C,H,,CIO; 58.62| 5.74 9.61 -
Vilh 69 184-186 | 47.02| 4.25 | 26.68 - C,H,BrCIO, | 47.08| 4.18 | 26.60 -
VIli 73 192-193 | 46.51| 4.39 | 24.92 - C,H,,BrClO, | 46.62| 4.35 | 24.88 -
IXa 78 208-209 | 61.01| 5.04 8.35| 3.36 [C,H,,CINO, 61.18| 5.14 8.21| 3.24
IXb 74 221-222 | 51.70| 4.22 | 22.67| 2.60 [C,H,BrCINO;| 51.73| 4.15 | 22.59| 2.74
IXc 76 210-213 | 61.63| 5.32 8.21| 3.25 [C,H,.CINO, 61.95( 5.43 7.95| 3.14
IXd 71 197-199 | 59.70( 5.14 7.86| 3.22 [C,H,.CINO, 59.81| 5.24 7.68| 3.03
IXe 52 246-248 | 57.65| 4.40 7.68| 2.99 [C,H,,CINOg 58.05| 4.66 7.45| 2.94
IXf 46 230-232 | 59.43| 5.07 7.25| 2.93 [C,H,CINOgq 59.58 | 5.20 7.04| 2.78
IXg 54 276-277 | 59.44| 5.14 7.15| 2.91 [C,H,CINOgq 59.58 | 5.20 7.04| 2.78
IXh 68 244-245 | 61.82| 5.32 8.03| 3.22 [C,H,.CINO, 61.95( 5.43 7.95| 3.14
IXi 68 271-273 | 58.21| 6.31 8.75| 3.47 |[C,H,CINO, 58.32| 6.36 8.61| 3.40
IX] 59 206-207 | 56.18| 5.51 8.49| 3.52 [C,H,.CINO, 56.40| 5.68 8.33| 3.29
Xa 91 179-180 | 79.60| 6.32 - 4.30 |C,,H,NO, 79.73| 6.39 - 4.23
Xb 94 153-154 | 79.82| 6.60 - 4.15 |C,H,.NO, 79.97| 6.71 - 4.06
Xc 81 129-130 | 76.29( 6.35 - 3.99 |C,;H,.NO, 76.43| 6.41 - 3.88
Xd 89 152-153 | 64.28 | 4.79 | 19.59( 3.50 |C,,H,,BrNO, 64.40( 4.91 | 19.48| 3.41
Xla 90 201-203 | 64.01| 5.29 | 19.49| 3.48 |C,H,,BrNO, 64.08( 5.38 | 19.38| 3.40
Xlb 92 208-210 | 64.68| 5.60 | 18.85| 3.35 |C,H,,BrNO, 64.79| 5.67 | 18.74| 3.29
Xlc 85 195-196 | 62.36( 5.39 | 18.19| 3.26 |[C,H,,crNG, 62.45( 5.47 | 18.07| 3.17
Xld 92 214-215 | 53.68| 4.23 | 32.64| 2.93 |C,H,Br,NO, |53.79| 4.31 | 32.54| 2.85
Xlla 91 181-183 | 79.50( 6.21 - - C,H..0, 79.62| 6.24 - -
Xllb 95 136-137 | 74.85| 6.22 - - C,eH105 74.98| 6.29 - -

perchlorated/Illk -v solutions have lower values than ylidene)-(R-phenyl)aminesXla-d. PerchloratesI|

for salts Vllla -j apparently due to the presence inin agueous basic medium readily undergo hydrolysis
the former of bromine atoms: Thieeavy atoms are yielding 1H-2,3-dihydroxanthen-3-onesXila, b)
known to increase the velocity of intercombination (Scheme 2).

conversion $— T, that reduces the efficiency of the

fluorescence[12]. In the IR spectra of perchlorates and bromides of

3-(R?,R%-amino)-1,2-dihydroxanthyliumiXa-g and

It is presumable that saltglla -i in the resonance Xla-d should be noted the absorption bands at
form VIIA the charge is localized mostly on the un-3260-3280 cm? characteristic of NHgroup, and by
saturated ring of themolecule for they readily xanthenonesXlla, b is noteworthy the absorption
exchange the activated ethoxyroup with amino- band in the 16851700 cm® region belonging to
containing nucleophiles to afford 3-f@R3-amino)- carbonyl group C=0 [11]. In théH NMR spectra
1,2-dihydroxanthylium perchloratesiXa-k. On of perchlorates IXa-g the proton signal from
treating perchloratesiXa-g with bases (sodium =N*HAr group at7.60-7.80 ppm evidences the
acetate) were obtained H12,3-dihydroxanthen-3- prevailing contribution from the immonium resonance
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Scheme 2.
3
AcOH 5 II\I? o o
CHO 0 RR'NH, R~ / ‘ RN ‘ O
~ 1 = X RI—HSCIO4 X .
~ R - -
H,C cH, ClO, H,C CcH, CO, ®R=H  gc cH,
VIIb-g IXa-j 10,
—-OH OH~
HC(OEY), —EtOH HX
HCIO, H,
0] @) R> /N
I AN
\ R] B Rl
H,C CH, H,C CH; X
XIIa, b XTad

IX, R*= CH,0, R= CH,, R°= H(a); R'= CH,0, R= 4-BrCH, R*= H (b); R"'= CH,0, R = 4-CH,C,H,,
CH,0, R = 4-CH,OCH, R®*= H (d); R' = CH,0, R = 4-HOOCGH,, R®*= H (¢); R' =
CH,0, R = 4-CH.,COOGCH,, R*= H (f); R' = CH,0, R = 2-CH.COOGCH,, R*°= H (g); R* = CH,0, R =
C.Hs, R®®= CH, (h); R'= CH,0, R= R*= CH.(i); R"'= CH,0, R= R®= (CH,),0(CH,),(j); X, R*= CH,0,
R*= CiH;(a); R'= CH,0, R = 4-CH,CH,(b); R'= CH,0, R = 4-CH,OCH,(c); R'= CH,0, R = 4-BrCH,
(d); XI, R*= CH,0, R = CH,(a); R"= CH,0, R = 4-CH,CH,(b); R' = CH,0, R = 4-CH,OCH,(c); R' =
CH,O, R = 4-BrCH,(d); Xll, R* = H (a); CH,0 (b).

R°= H(c); R'=

Table 4. Yields, melting points, and elementahalyses of 18-chromeno[3,2s]xanth-5-ylium perchlorate¥llla -v

Compd.| Yield, mp, Found, % Calculated, %
no. % °C Formula
C H Hlg (N) C H Hlg (N)
VIlb 55 294-297 | 63.86 | 4.03 8.71 C,,H;,CIO; 64.01 | 4.15 8.59
Vlilic 59 303-305 | 60.91 | 4.40 7.64 C,,H,,CIO,q 60.96 | 4.48 7.50
Vilid 54 314-315 | 56.51 | 3.65 7.39 (2.5) | C,5H sCINO, 56.62 3.72 |7.27 (2.87)
Vlille 63 355-358 | 52.90 | 3.55 22.17 C,;HCIBro, 52.95 3.48 22.11
VINIf 55 291-292 | 62.31 | 4.36 8.05 C,H,CIO; 62.38 | 4.32 8.01
Vlilig 48 247-249 | 64.60 | 4.72 7.44 C,eH,,CIO; 64.66 | 4.80 7.34
Vilih 58 312-314 | 60.16 | 4.11 7.86 C,H;CIO, 60.20 | 4.17 7.73
VIli 52 301-303 | 55.69 | 3.74 | 6.78 (2.67)|C,,H,.CINO,, 55.66 3.89 [6.85 (2.71)
VI 57 296-297 | 53.95 | 3.31 20.85 C,H,;Cl.0O, 53.98 3.35 20.79
VIIk 55 308-310 | 33.12 | 3.23 23.51 C,,H;,crCIO; 33.47 3.28 23.46
VI 44 305-307 | 55.41 | 3.84 22.07 C,H,,crCIO; 55.46 3.88 22.19
VIlim 41 303-305 | 55.42 | 3.94 22.12 C,H,,crCIO; 55.46 3.88 22.19
Vilin 54 307-309 | 52.30 | 3.85 19.92 C,H,,crCIO, 52.24 | 3.65 20.91
Vlllo 55 342-344 | 45.58 2.36 (19.74 (4.72)C,,H,,BrCIN,O,,| 45.42 2.42 |19.83 (4.80)
Vilip 69 341-343 | 32.55 1.72 53.80 C,,H,.crCIO; 32.73 1.50 53.88
Vllig 63 301-303 | 40.91 2.03 42.48 C,,H,.cr,CIO, 40.68 2.17 42.56
VIlIr 51 322-324 | 47.31 2.63 33.07 C,,H,,crCl,0,4 47.13 2.52 33.23
Vlilis 67 219-220 | 59.05 | 4.22 20.07 C,gH,,crCIO; 58.81 | 4.23 20.17
VIt 46 348-350 | 47.43 2.80 (18.75 (4.57)C,H,BrCIN,Os | 47.27 2.97 |18.92 (4.60)
Vilu 41 318-320 | 54.21 | 4.45 |19.90 (4.87)C,H,crCIN,O; | 54.04 4.54 [19.96 (4.85)
Vilv 43 345-347 | 33.50 1.74 49.95 C,,H;BrsClOg 33.23 1.86 50.15
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Scheme 3.
HC(OE),
+2VI Hlo,
— -]
—2H,0 -EtOH
HOOED, —HCO_Et
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— _ —
“EiOH ﬁ clo, _flt%H
Br ~-HCO,Et H,C™ CH, :
o) OH Vb
HC(OEN), HCIO,
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~EtOH -HCO,FEt HO(OFD
t
H,C" CH, Vi HCIO,
XU 16% HCI0, [0 (18] —Fom VIHi-u
AcOH -HCO,Et
Ac,0 Br
AcO OAc
é +2VI
L=
Clo,| -AcOH
IXa-j H,C CH,
114

VI, R*= NO, = R°= H(n);R'= R°= Br,R= H(0);R'= Br, R= R= H(p);R'= Cl, = R’=
H(g); R'= RR= H, R= CH,CH=CH, (r); R'= CH, R = NO, R°= H(9; R'= R°= H, R = N(CH,),(t);
R'= R = Br, R = CHO (u).

Scheme 4.

H,C___OH
| HC(OEY),
o) 0 HCIO,
+3V] ———=
_EtOH H,C
_HCO.Et
H,C CH, 2 HC CH;, (IO,
XIV

XV
form. The 'H NMR spectra of bromideXla-d are In compoundle X, Xl with a common xanthyl-

identical to those from the corresponding perchloratesum core in the electron absorption spectra appear
IX. The data on IR andH NMR compounddX -XII

characteristic bands in the longwave region with two
are presented in Table 5. maxima at 521 and 558 nm; perchloratei
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Scheme 5.
r O/CHS
H
CH,0 CHO g+ CH,O : l+ OH +o 0 |
—_— OH
OH OH -H,0 | O LOH
VIb s H.C CH, Clo,
XVI
L H,C CH,
116
O/CHS ]
Em——
-H,0O O | _0 o CH,
Clo,
H,C" CH, _
m7 CH

Xvil

[=H(C,H5),] forms an exception (Table 1). Accord- significant difference in the spectral characteristics
ingly in the fluorescence spectra from acetonitrilewhen the aminoaryl fragment of perchlorate&-g
solutions of compoundsX, Xr Xl are observed two or basesXa-d in position 3 is replaced by an oxygen
bands of Al 570 and AJ,.. 620 nm, and for atom [1,1-dimethyl-H-2,3-dihydroxanthen-3-one
perchloratelXi these bands are presentdl,. 537  (XI1)].

and A} _ 580 nm. The quantum efficiency of

fluorescence for these solutions amount® #6-0.95. Since in the Knoevenagel type condensations [9]
As seenfrom Table 1, the substituent 'Rin the 1.3-diketones takpartwhen in the carbon triad to the

dihydroxanthylium ring significantly affects the middle carbon (position 2) are attached two hydro-
absorption and fluorescence spectra of perchloratedens, it is natural to presuméhat 2-substituted
VII, unlike the substituents in the aminoaryl moietyoxoenols, in particular, 2-bromodimedone, under the
of saltsIX and X whose variation does not result in applied dehydrating conditions can afford safl .
any changes in the position of the maxima in theActually, the condensation of 2-bromodimedone
absorption and fluorescenspectra. Also there is no (XIll ) with 2-hydroxyarylaldehydes in triethyl ortho-
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Table 5. IR and '"H NMR spectra of derivatives of 1,2-dihydroxanthyliumlic, e, g, i; IXb-d, j; Xb; Xllb
Compd. no. IR spectrum,v, cm* '"H NMR spectrum, 3, ppm

Viic 1100, 1246, 1286, 15661633 |1.48 s (6H), 1.52 t (3H), 2.78 s (2H), 3.92 s (3H), 4.40 q (2H),
6.41 s (1H), 7.38 d (1H), 7.58 s (1H), 7.70 d (1H), 8.7¢LH)

Vile 1090, 1233, 15331606 1.42 t (9H), 2.80 s (2H), 4.38 q (2H), 6.48 s (1H), 7.40 d (1H),
7.45 q (1H), 7.79 d (1H), 8.42 €1H)

Vilg 1100, 1220, 15131633 1.50 s (6H), 1.52 t (3H), 2.46 s (3H), 2.85 s (2H), 4.45 t (2H),
6.40 s (1H), 7.43 d (1H), 7.55 g (1H), 7.92 d (1H), 8.5§181)

Vi 1106, 1266, 15531613 1.50 m (9H), 2.90 s (2H), 3.93 s (3H), 4.42 t (2H), 7.42 t (1H),
7.58 s (1H), 7.70 d (1H), 8.58 €LH)

IXb 1090, 1266, 1540, 16063220 |1.52 s (6H), 3.10 s (2H), 3.82 s (3H), 6.10 s (1H), 7.01 d (1H),
7.12 d (1H), 7.15 d (1H), 7.28 m (5H), 7.60 @H)

IXC 1100, 1253, 1540, 16063225 |1.50 s (6H), 2.40 s (3H), 3.12 s (2H), 3.91 s (3H), 6.15 s (1H),
7.01 d (1H), 7.12 d (1H), 7.19 d (1H), 7.30 g (4H), 7.32 s (1H),
7.59 s (1H)

IXd 1090, 1260, 1540, 16063206 |1.50 s (6H), 3.14 s (2H), 3.82 s (3H), 3.96 s (3H), 6.07 s (1H),
6.98 d (1H), 7.12 d (1H), 7.16 d (1H), 7.35 m (5H), 7.641%4)

IXj 1100, 1260, 15531606 1.47 s (6H), 3.08 s (2H), 3.68 m (2H), 3.90 s (3H), 4.25 m (6H),
6.10 s (1H), 6.97 d (1H), 7.09 d (1H), 7.13 d (1H), 7.30 m (4H),
7.60 d (1H)

Xb 1206, 1533, 15731600 1.38 s (6H), 2.33 s (3H), 3.01 s (2H), 4.87 s (3H), 6.02 s (1H),
6.84 d (1H), 6.98 d (1H), 7.07 d (1H), 7.15 m (4H), 7.171H)

Xllb 1213, 1506, 1580, 16331700 |1.39 s (6H), 2.56 s (2H), 3.90 s (3H), 6.32 s (1H), 7.05 d (1H),

7.16

s (1H), 7.30 d (1H), 7.98 €1H)

Table 6. IR and'HNMR spectra of 1Bl-chromeno[3,2]xanth-5-ylium perchlorate¥!l|

Compd. no. IR spectrum,v, cm '"H NMR spectrum, 3, ppm

Villc  [1100, 1240, 15001620 1.90 s (6H), 3.98 s (6H), 6.79 s (1H), 7.45 q (4H), 7.33 d (2H),
8.52 s (2H)

Ville  |1100, 1246, 1273, 15001606 |1.77 s (6H), 3.89 s (3H), 6.71 s (1H), 7.79 d (2H), 7.84 m (4H),
8.61 s (2H)

Vilk 1100, 1286, 15601618 1.76 s (6H), 7.67 m (2H), 7.88 m (6H), 8.35 (8H)

Vil 1090, 1273, 1566, 15931620 |1.73 s (6H), 2.51 s (6H), 7.70 m (6H), 8.22 (8H)

Villm  |1095, 1270, 1500, 16101633 |1.73 s (6H), 2.58 s (6H), 7.50 d (2H), 7.62 s (2H), 7.80 d (2H),
8.28 s (2H)

Vilin -~ {1090, 1273, 1566, 15851620 |1.75 s (6H), 3.96 s (6H), 7.32 d (2H), 7.45 d (2H), 7.75 d (2H),
8.25 s (2H)

Villo  |1100, 1246, 1540, 16051633 [1.73 s (6H), 7.72 m (4H), 7.85 d (2H), 8.24 (&H)

Villp {1090, 1260, 1560, 15851606 |1.72 s (6H), 8.05 s (2H), 8.22 s (2H), 8.31(8H)

Villg  |1100, 1260, 1500, 15401606 |1.73 s (6H), 7.80 m (4H), 7.91 d (2H), 8.20 (&H)

Villr 1095, 1246, 1500, 15531615 |1.75 s (6H), 7.90 m (6H), 8.27 €H)

Vills ~ |1070, 1246, 1546, 15871620 |1.75 s (6H), 3.86 d (4H), 5.30 q (4H), 6.18 m (2H), 7.60 t (3H),
7.80 t (3H), 8.31 s(2H)

Vit 1100, 1260, 1553, 15661622 |1.74 s (6H), 2.53 s (6H), 7.68 s (2H), 7.80 d (2H), 8.3q28l)

Vilu 1090, 1193, 1260, 15001633 |1.75 s (6H), 3.28 s (6H), 7.58 d (2H), 7.69 s (1H), 7.82 d (2H),
8.25 s (2H)

Villv {1092, 1266, 15401620 1.72 s (6H), 3.90 s (6H), 7.58 d (2H), 8.29 (&8H)
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formate in the presence of perchloric acid at the ration mineral oil.The!H NMR spectra were registered
1:2:1 afforded perchlorate¥/Illj -u in 50-70% on spectrometer Varian VXR-300: perchlorates
yield. In acetic anhydride medium containing 16% Vllic, e in deuteroacetone, saligllg, VIlIk -v in
solution of perchloric acid in acetic acid salf$llj -u  deuteroacetonitrile, compoundélc, e, i, IXb -d, |,
form in lower yield (26-40%). Obviously the yields Xb, Xllb in deuterochloroform. Electron absorption
are reduced by participation of the intermediatespectra were registered on spectrophotometer Specord
acyloxycation P4 in sidprocessese.g.transacetyla- M-40. The fluorescence spectra and spectra of
tion, under the reaction conditiong13]. With  fluorescence excitation were measured on spectro-
aldehyde of low basicitye.g., nitrosalicylaldehyde) fluorimeter Elumin 2M. In determination of quantum
perchlorate VIllo may form via intermediate di- efficiency of fluorescence rhodamine C was used as
ethoxypropenyl cationl{Yb) (Scheme 3). standard ¢ = 0.73 [15]). Elemental analyses were
arried out in the Microanalysis Laboratory of the

When dimedone has an acetyl as a substituent i& . . . ;
" : . esearch Institute of Physical and Organic Chemistry
position 2, then in the condensation tapart three of Rostov StateUniversity.

molecules of 2-hydroxyarylaldehyde vyielding diper-
chlorate XV (Scheme 4). 2-Bromo-5, 5-dimethyl-1, 3-diethoxycyclohexenyl-
ium perchlorate (IVb) was prepared along procedure
[6] from 2.2 g (0.01 mol) of 2-bromodimedone
(XH1), 20 ml of triethyl orthoformate, and 1 ml of
70% perchloric acid. The product was purified by
Under similarconditions unsubstituted dimedon$\(I)  recrystallization from a mixture AcOHAC,0O, 10:1.
also affords a product of tris-condensationiH-7 Colorless hygroscopic crystal¥ield 3.38 g (91%),
chromeno[2,3-a]-xanth-13-yliumX¥1l ) (Scheme 5). mp 8L83°C. IR spectrum,v, cm: 1086, 1286,
1540.*H NMR spectrum (CDG], 8, ppm): 1.03 s
(6H), 1.35 t (6H), 2.58 s (4H), 4.42 q (4H). Found,
%: C 38.35; H 5.41; Cl 30.68. GH,yBrCIO;.
Calculated, %: CG38.37; H 5.37; Cl 30.71.

7-Methoxy-3-ethoxy-1,2-dihydroxanthylium per-
chlorate (Vlla). To a solution of 1.1 d0.01 mol) of
cyclohexane-1,3-dione in 20 ml of triethyl ortho-
formate was added atirring 1 ml of 70% perchloric
acid. The mixture wadeft standing at 2%C for
0.5 h, then diluted with anhydrousther, theupper
layer was decantedrom the separated oily 1,3-di-
ethoxyl-cyclohexenylium perchlorate IVE), the
bottom layer was washed with anhydrous ether (2
ml), and 20 ml otriethyl orthoformate and 1.5 g
01 mol) of 5-methoxysalicylaldehydeV(b) were

In its *H NMR spectrum appear all the signals
corresponding by integral intensity and multiplicity
to the structure of diperchlorat&V.

PerchlorateXVIl may have any of three alternative
structuresXVIIA -C. ThelH NMR data evidence that
it exists predominantly as structural isome¥IIB .

Derivatives of xanthylium VII, IX-XII and
1-benzopyryliumVIll are efficient phosphores in the
region 536630 nm. First obtained in this study
dihydroxanthylium perchloratesVIl  should be
specially mentioned since their quantwfiiciency of
fluorescence amounting .98 is thehighest among
the known xanthylium systemd2]. Apparently the
main contribution into the absorption and lumine-
scence spectrgiroperties of the molecules originates
from the m-system of the dihydroxanthyliunming.
These compounds can be also applied as reagents @J

amino groups detection, also in the fluorescenc : . ,

microscopy [14], and the derivatives of dihydro- aqilled_thelreto. The d'ml_ﬁf[ure \f{rvari?oneoll f_(l)r f30 min

xanthylium with the substituted ethoxy groups canWlt simultaneous distilling off the volatile fractions,
then on cooling the separated precipitate was filtered

serve as fluorescent dyes for various applications f ; >
: , washed with ethyl acetate amdther, andourified
The developed synthetic procedures for the know y recrystallization fromacetic acid. Yield 2.94 ¢

and new perchlorate¥lll are the easiest and pre- (82%), mp 131132C. IR spectrumy, cni’: 1086,

parative. The conversions revealedxtend the 286. 1540. 1606'H NMR s
. v i , , . pectrum [(CR),CO, 3,
theoretical concepts on the reactivity of 1,3-oxoenole pm]: 1.52 t (3H), 3.05 t (2H), 3.39 t (2H), 3.98 s

in the acid media and on practical opportunities for

, . . 3H), 4.61 q (2H), 6.65 s (1H), 7.58 t (2H), 7.90 d
reparation of dyes with excellent absorption and(
ﬁJm[iJnescent characteristics. P (1H), 8.67 s (1H). Found, %: C 53.91; H 4.82; Cl

9.87. GgH,,ClO,. Calculated, %: C53.86; H 4.80;
Cl 9.94.

1,1-Dimethyl-3-ethoxy-1, 2-dihydroxanthylium
IR spectra of the compounds obtained wereperchlorates (VIIb-i) (generalprocedure,Tables 1,
recorded on spectrometer Specord 71IR from mull8, 5). (a) To a suspension &.01 mol of 2-R-5,5-

EXPERIMENTAL
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dimethyl-1,3-diethoxy-1-cyclohexenylium perchlorate (b) To a suspension 00.01 mol of perchlorate
(IVa, b) in 20 ml of triethyl orthoformate was added Vlla-f in 20 ml triethyl orthoformate was added at
at stirring 0.01 mol of2-hydroxyarylaldehydevl.  stirring 0.01 mol of2-hydroxyarylaldehydé/I. The
The mixture was boiled for 30 min while removing mixture was boiled for 30nin, cooled, the separated
the volatile compounds by distillation. On cooling the crystals were filtered off and treated as in the proce-
separated precipitate was filtered off and recrystaldure (a). Perchlorate¥llla -i prepared along both
lized from acetic acid. procedures (a) and (b) were identical, no depression of

. . the meltin oint was observed with the mixed
(b) To a solution 00.01 mol of2-R-5,5-dimethyl- samples.l g point w ved i 3

1,3-diethoxy-1-cyclohexenylium perchlorat®/é, b) ,

in 10 ml of acetic anhydride was add€d01 mol of 6-Bromo-13, 13-dimethyl-134-chromeno[3, 2-b]-
2-hydroxyarylaldehyde/I. The mixture was stirred Xanthylium perchlorates Vlllk -v (general proce-
for 15-20 min at 66.70°C and then cooled, diluted dure.Tables 2, 4, 6). (a) To a suspensior0od1 mol
with an equal volume okther, theprecipitate was of perchloratelVb in 40 ml of triethyl orthoformate

: ; o was added atstirring 0.02 mol of 2-hydroxyaryl-
filtered off and recrystallized fromceticacid. aldehydeVI. The mixture was boiled for 1 h, cooled,

Perchlorates VIIb -i  prepared along both the precipitated crystals were filteredff, washed
procedures a and b were identical, no depression afith ethyl acetate andther, ancpurified by recrystal-
the melting point was observed with the mixedlization from nitromethane.

samples. (b) To a suspension 00.01 mol of perchlorate
2,10-Dimethoxy-134-chromeno[3,2-b]xanth-5-  VIIh in 20 ml of triethyl orthoformate was added
ylium perchlorate (Vllla). 1,3-Diethoxy-1-cyclo- at stirring 0.01 mol of2-hydroxyarylaldehydevl.
hexenylium perchlorate I{c) was obtained from The mixture was boiled for 30min, cooled, the
1.1 g (0.01mol) of cyclohexane-1,3-dione, 20 ml separated crystals were filtered off and worked up as
triethyl orthoformate, and 1 ml of 70% perchloric in the procedure (a).
acid. To perChloraté\/C was added 40 ml of trlethyl (C) To a solution of 2.2 goo:]_ m0|) of 2-bromo-
orthoformate, 3.0 g (0.02nol) of 5-methoxysalicyl-  dimedone X!l ) in 20 ml of triethyl orthoformate
aldehyde, and the mixture was boiled for 30 minwas added0.01 mol of 2-hydroxyarylaldehydeVi,
while removing volatile compounds by distillation. and at stirring 1 ml of 70% perchloric acid. The
On cooling 40 ml of acetic acid was added (tomixture was boiled for 1 h while distilling off the
dissolve the intermediately arising perchloratiéa),  volatile compounds. On cooling in-6 h precipitated
and the mixture was boiled for 3@0 min. Oncool-  crystals which were filtered off and worked up as in
ing the separated precipitate was filtereffi, washed the procedure (a).
with ethyl acetate andther, andourified by recrystal- On replacing the triethyl orthoformate withcetic

lization from nitromethane. Yield 3.0 ¢67%), mp ; :
247-249C. IR spectrumy, e 1100, 1273, 1540, f‘,?lrl'ﬁ’ d_r\',d‘f,v(elrg rglt;tg?eogci,n2§8Wr;1uggeﬁ>§rchlorates

1606. H NMR spectrum (CDG, 6, ppm): 3.91 s .

(6H), 4.80 s (2H), 6.22 s (1H), 7.10 s (2H), 7.25 d  Perchlorate/1lb -i prepared along procedurés),

(2H), 7.44 d (2H), 8.08 s (2H). Found, %: C 59.32; (b), and (c)were identical, no depression of the melting

H 3.88; C 17.91. GH,,ClO; Calculated, %: C Pointwas observed with the mixed samples.

59.40; H 3.85; Cl 7.97. 3-(R% R3-Amino)-1, 2-dihydroxanthylium per-
13H-Chromeno[3, 2-b]xanth-5-ylium per- chlorates 1Xa-g (generalprocedure,Tables 1, 3, 5).

: To a solution 0f0.01 mol of perchlorateVila -h in
chlorates Vb -j (generalprocedureTable 2, 4, 6). , . .
(a) To a suspension &.01 mol ofperchlorateVa in 20 M! ofl_z;ceth ";?C'd wasé a.‘ljd:? satiérlng O'Oé m°|| Og
40 ml of triethyl orthoformate was added stirring ~2M!N€. The Mmixture wasoned for 5 mih and cooled,

: diluted with an equal volume daéther, theprecipitate
0.02 mol of 2-hydroxyarylaldehydd&/I. The mixture . ;
was boiled for 1 h while distiling off the volatile Was filteredoff, washed with ethyl acetate aedher,

. . . nd purified by recrystallization from a mixture of
compounds. On cooling the precipitate was filtered_. o : ; .
off, washed with ethyl acetate amther, andourified aﬁltromethane and 70% perchloric acid, 100: 1.

by recrystallization from nitromethane. _ 3-(R2,R3-Amino)-7-meth_oxy-1,2-dihydroxanthy|-
, , , _ ium perchlorates IXh-j (general procedure,
On replacing the triethyl orthoformate withicetic  aples 1, 3, 5). To a solution di.01 mol of per-

anhydride (20 ml, 6670°C, 20-30 min) perchlorates  chjorateVila -h in 20 ml of chloroform wasadded at
Vlllb -j were obtained in 240% yield. stirring 0.01 mol of amine. Thenixture was boiled
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for 5 min, cooled, the precipitate was separated and;, cm
spectrum (CRCN, &, ppm): 1.12 s (3H), 1.85 s

(3H), 3.82 s (3H), 3.90 s (3H), 4.02 s (3H), 4.80 s
(1H), 6.50 d (1H), 6.70 d (1H), 6.80 d (1H), 7.12 d
(1H), 7.15 s (1H), 7.30 s (1IN), 7.60 s (1N), 7.93 d
(IN), 8.20 d (1N), 8.85 s (1N), 9.31 s (1N). Found,
%: S 65.17; N 4.58; S| 6.05.;8\,,SIO,. Calculated,

Y.

recrystallized fromacetic acid.

(2,3-Dihydro-1H-xanthen-3-ylidene)-(R-phen-
yl)amines Xa-d (generalprocedure,Tables 1, 3, 5).
To a solution 0f0.01 mol ofperchloratedX in 20 ml
of anhydrous acetone was addedsttring 0.015 mol
of anhydrous potassium carbonate. The mixture wa;
stirred for 510 min till the solution became light
yellow. The precipitate was filteredff, the solution
was evaporated, and the residue was purified by re-
crystallization from methanol. 1

3-(R% R%-Amino)-1,2-dihydroxanthylium
bromides Xla-d (generalprocedure,Table 3). To a
solution of 0.01 mol ofimine X in 20 ml of ethyl
acetate was added dropwise sditrring 0.01 mol of
conc. HBr. The precipitate was filteredoff, wash
ed with ethyl acetate ancther, andpurified by
reprecipitation with ether from nitromethane solution.

1,1-Dimethyl-1H-2,3-dihydroxanthen-3-ones
Xlla, b (generalprocedure,Tables 1, 3, 5). To a
solution of0.01 ofperchlorate/Il in 20 ml of acetone
was added).012 mol ofsodium acetate in 20 ml of ¢
water. The mixture was stirred aeating on a water

bath till evaporation of acetone. On cooling rfmom 7.

temperature precipitated yellow crystals that were
filtered off, washed withwater, andpurified by re-
crystallization from aqueous methanol (1:5).

13,13-Dimethyl-2,10-dimethoxy-6-(6-methoxy-
chromylium-2-yl)-13H-chromenol[3, 2-b]xanth-5-
ylium diperchlorate (XV). To a solution of 1.8 g
(0.01 mol) of 2-acetyldimedoneXV) in 30 ml tri-
ethyl orthoformate was added 4.5 r{0.03 mol) of
5-methoxysalicylaldehydeV(a), and then asstirring
was added 1.5 ml of 70% perchloracid. After 1.5
2 h the separated crystals were filtereff, washed
with ethyl acetate anéther, andrecrystallized from
nitromethane. Yield 4.9 §67%), mp 335337C. IR
spectrum,v, cni:: 1090, 1226, 1280, 1560, 1606.
'H NMR spectrum (CDGJ, 8, ppm): 1.50 s (6H),
3.97 s (3H), 4.03 s (6H), 7.41 d (1H), 7.55 m (3H),
7.80 m (5H), 8.45 s (1H), 8.80 m (3H). Found, %:
C 55.71; H 3.80; CI 9.74. £H,4Cl,0,,. Calculated,

%: C 55.83; H 3.86; Cl 9.69.

7,7-Dimethyl-2,10-dimethoxy-6-(3-methoxy-6-

0x0-2,4-cyclohexadienylidenemethyl)-7H-chromeno- 13.

[2,3-a]xanth-13-ylium perchlorate (XVII). To a
solution of 1.4 g(0.01 mol) of dimedone XVI) in
30 ml of triethyl orthoformate was added 4.5 ml
(0.03 mol) of 5-methoxysalicylaldehydeV(a) and
1.5 ml of 70% perchloric acid. After 12 h the
separated crystals were filteredff, washed with
ethyl acetate andther, andrecrystallized fromacetic
acid.Yield 3.7 g(63%), mp 281284°C. IR spectrum,

N

w

o

10.

11.

12.

14.

15.

OLEKHNOVICH et al.

r': 1100, 1233, 1260, 1540, 1626H NMR

S 65.03; N 4.61; Sl 6.00.
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