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Abstract : The &oxetanes 2 wth terf-butykkncthyls~yoxy-subshtuted aryl groups have been prepared fmm the 
correspondmg benzofurans by photooxygenation and their fluonde ton-mggexed CIFZL chennlurmnescence was 
mvestigated; facde sapomfiiatton by fluonde and even phenoxlde Ions of the aryl esters 4 1s hcld responsible for 
the low chermhmunescence effiaenctes 

Introduction 

Recently we have demonstrated that the CIBEL mechanrsm operates m the base-induced decomposition of 

acetyloxy-protected benzofuran Aoxetanes 1 Deprotechon of the ester releases the phenolate ion, which serves as 

an electron donor and leads to rapid decomposmon of the dloxetane accompamed with intense light emission 

This mechamsm, ongmally discovered by Schuster 2 for organic peroxides, was shown to work also for 

doxetanes 3 The chmcal and hologcal apphcanons of CIEELactwe substrates have recently been rewewed4 

In this context, we have been interested m the fluonde Ion-mggered CIBEL of slloxy-substituted benzofuran 

hoxetanes 2 (Scheme 1) This concept was used before m the case of spu-oadamantyl-substituted &oxetane$ A 

A I 
OR 

2227 



2228 W ADmetal 

Scheme I. Synthem of Ben&uran Dtoxetanes 2 and then Thermal and Fluonde Ion-Tnggered 
(CIEEL) Decomposmon 
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and extended to enzyme-promoted systems, e.g.the action of alkalme phosphatases on the correspondmg 

phosphate esters6 Smce the stioxy-substituted dioxetane A (Ft=SiMe+u) exhrbns the hiist CIBEL quantum 

yteld ever reported for an droxetane m DMSO’. tt was our interest to examme the correspondmg benxofuran 

doxetanes. Such dioxetanes are known to be mutagemc* and CIBEL active tepresentanves of thts type could 

serve as potential DNA probes 

Another aspect of our work concerns the absorptton and fluorescence spectral analysis of the dtoxetane 

decomposmon products, the phenolate tons of whrch am the ltght emtthng species m the CIBEL process Due to 

the lab&y of the esters under basic condttions, tt was so far not possible to determme the fluorescence quantum 

yields of these compounds in order to calculate nnglet excited state efftcienctes of the CIEBL reaction9 

Therefore, we decided to use the siloxy-subsmuted esters, the thermal decomposmon ptoducts of the presently 

mvesugated dtoxetanes, and generate the ester phenolate tons by fluoride um-promoted cleavage of the silyl ethers 

in aprottc media Herewnh we present the results of our mvesngatton of the fluond ion-mduced CIBBL effect of 

stloxy-subsmuted benzofuran dtoxetanes and the labihty of the so generated decomposmon products under the 

expenmental condmons 
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Results 

Synthes~ and Decompositton of Benzofuan Dioxetanes 2 a, b 

The mloxy-subsatuted benzofumns la and 1 b were synthesued accordmg to the hterature proced~re~~ III 52% 

and 87% yields hoxetanes 2a and 2 b were. prepared by photooxygenation of the comsponding benwfurans 

1 a, b m methylene chlonde ~th tetraphenylporphme (TPP) as sensmzcr at low temperatures (-25 to -40 OC) for 

several hours (Scheme 1). The o&o-substttukd &oxetane 2a was obtamed m moderate yield (37%) as yellow 

needles (m.p 97-99 OC), while the correspon&ng metu isomer 2b (yellow orl) could only be isolated in 7% 

yield wtth decomposmon even at -40 OC Besides doxetane 2b, 13% of the conespondmg allyhc hydmperoxide 

was Isolated. Both compounds were sensitve to thermal decomposmon. 

At elevated temperatures, the cboxetanes 2 cleave to the sdoxy-subsatuted esters 3. which could also be isolated 

from the photooxygenahon rmxture of the benwfurans la,b after s&a gel column chromatography The new 

compounds 1 - 3 were fully characterized.. except doxetane 2b and its correspondmg hydroperoxlde, for which m 

view of its lablle nature only 1H and 13C NMR data are avtulable The NMR spectra of the onho-skxyphenyl- 

substituted doxetane 2a showed that the methyl groups at the sthcon are hmdered m their rotaaon at 

least at -2S°C, for one smgle signal was obtamed for each of them 111 the proton and carbon NMR spectrum. 

Chemthunescence Measurements of the Benzofwan Dwxetanes 2 a, b 

Tnggenng with nBu4NP m acetommle resulted m rapid decomposition of the choxetanes 2 with intense hght 

ermsslon to afford the corresponding previously re-ported hydroxy-subsatuted esters 4 By companson, the duect 

thermal chermlummescence (no fluonde mns) of these &oxetanes 2 was very weak. The quantum yields of the 

&rect chemdummescence for the CIEJZL process was measured as descnbed9 and the results are hsted tn ‘IBble 1 

Table 1 .fC!IE!Z Quantum Yields of the Benwfumn noxetanes 2 

hoxetane a 

2a 

k [set-‘1 b 

020fO05 

CPDC [xld Elnsteln/mol] 

530 f20 

2b 0 50 f 0 25 260 f130 

a) All measurements at 25 nC in CH$IN, b) tenfold excess of nBu$IF 

As can be seen, the me&z-substituted Qoxetane 2 b ermts mm efficiently light than its cclmsponding ortho isomer 

2a This 1s In agreement with earher results Iv4 , however, the halflife of its light ermssion IS very short (only a 
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few seconds) Unfommately, DMSO could not be used as solvent (ii such polar aptcmc solvents a more efTiaent 

fluorescence would be expected’l). because deoxygenahon of the labile benzofuran dloxetanes 2 to the 

carrespondmg epoxtdes and products derived therefrom was observed. 

Absorptwn and Fluorescence Spectral Andysu of the Esters 3 - 5 

For comparison of the opt& spectral data of the esters 3 and 4, the unknown Sa and the knowntl methyl esters 

5 b were prepad. In the case of the ester 5 a, no full convQslon could be obtamed tn the sdylatmn reactton, even 

when excess of chlorosilane was used. 

To determine the fluorescence quantum yields of the phenolate ions of the esters 4, the siloxy-substituted esters 3 

(the thermal decomposmon products of the &oxetanes 2) were desilylated with the help of fluoride Ions and the 

resulhng soluaon of the phenolate ton submmed to absorptton and fluorescence spectral analysis by followmg the 

procedure descnbedfor the conespondmg methyl ester 5b 7*11 The results are gven m ‘able 2 ‘Ikey 

Table 2 .Optml Specrral Data of Benzofiusn Dloxetaoe Cleavage Products and Related Compounds 

Condmons 

Ch, m nml 

Absorpnon Fluorescence (ti’) 

RI= 2-Acetylphenyl 
3a Rz= 2-OStMe$Bu 

DMSO 
DMSO + nBu,NF 
(H&N + nBu,NF 

292 

z 

b 
451= 
452’ 

4a R’= 2-Acetylphenyl 
R2= 2-OH 

3b 
R’= 2-Acetylphenyl 
R2= 3GhMe2tBu 

4b 
R’= ZAcetylphenyl 
R2= 3-OH 

Sa 
R’= Me 

R2= 2-OS&fe&?u 

DMSO 
DMSO + nBu@F 

DMSO 
DMSO + nByNF 

DMSO 
DMSO + nBu,NF 

m3cN 

DMSO 
DMSO + nB@iF 

308 
383 

291 
378 

;Yi 

288 

E 

b 
b 

b 
450c 

b 

452’ 

b 
340= 
421 (0 21fo 02p 

5b 
R’= Me DMSO 293 b 

R2= 3-OS&le.$Bu DMSO + nBu,NF 380 457(0 31M 03p 

[ht.’ 470 (0 44)l 

a) Tenfold excess of nBu$W was employed, concenwon of the esters 1OA to 10.‘M, b) fluonscence not 

detected, c) very weak fluorescence, d) corrected fluorescence quantum yields relanve to qmnme b~sulfate 
$I= 0 56)” as standard 
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reveal thathady luly fl- nce emission for the aryl esters 3a, b could be detected, whemas the methyl esters 

5a,b exhiht mtense fluoresce rice. Treatment of the hydmxy-substttuted esters 4a, b ~nth fluonde ms led to the 

same results as wrth the esters 3a,b. Slmdar results were obtamed by usmg acetommle as a solvent. Therefore. 

the aryl esters seem to be labtle towards fluonde ions and form non-fluorescent products, whereas the methyl 

esters 5a, b are not affected under these condihons 

This was most convmcmgly demonstrated m form of a control expertment wtth the readily hydrolyzable 2- 

benzoyloxyacetophenone (6) as model compound (Eq 1) Wtth fluonde and even phenolate rons the expected 2- 

hydroxyacetophenone (7) was obtamed, constderable amounts of the drketone 8 (the aldol ptoduct of 7 wtth 

the benzoate ester12), and phenyl benzoate (9). 

cH3 Reagent 
)_ 

I 
DMSO, r.t ,30 mm 

6 0 ^o c 
Reagent Conv [%I 

7 8 9 

Product Drsmbuuon [%I* 

MB [%I b 7 8 9 

nByNF (15 equtv ) 62 82 23 77 

PhONa (1 0 ) equrv 100 63 31 37 32 

a) Relahve ytelds of isolated products normahzed N 100%, b) after aqueous work up and column chro- 
matography 

Discussion 

The results presented herem demonstrate that the CIEEL mechanism 1s also operaang m the case of the fluonde 

ion-mduced decomposmon of the srloxy-protected benzofuran Qoxetanes 2, as previously presented for the 

acetyloxy-substINted dtoxetanes l. Appmcrable chemtlumtnescence was detected when the dtoxetanes 2 were 

treated wuh fluonde ions m acetomtnle The fluonde ton-mggered light emtssion was consrderably higher than 

that from the thermal decomposrhon of these &oxetanes As expected2, also for this mtramo~ecular electron 

transfer mechanism (CERL) singlet exerted carbonyl compounds are being efficrently genera& Droxetane 2 b, 

m whrch the electron donor IS located tn the mefu poshon to the droxetane sue, gtves one of the highest 

chetrulumtnescence quantum yteld of all CIEEL-acttve benzofuran dtoxetanes tnvestrgated so far Unfortunately, 
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cboxetane 2 b turned out to be much more temperature sensitive than tts correspondmg acctyloxy-subsmuted 

isomer. Furthermore, the cleavage of the s&con-oxygen bond m the sdylated &oxetane 2 b takes place much 

faster than sapomficauon of the ester protection group in the previously used acetylated derivauve l. Thus, very 

short bursts of bght emtssion were observed m the fluonde ion-tnggaed CIEEL decompontion of dmxetane 2 b, 

which Qd not obey first order lanetics Therefore, some &Eculttes we= encountered III determimng the 

chermlummescence quantum yields for the fluonde ion-mggered CIEEL process of 2 b, so that the ermr is as 

much as 50% 

For the calculation of the singlet excited state efficiencies. it IS essential to have avlulable the fluorescence 

quantum yields of the light-emtmng species; therefore, efforts wete made to measure them. Our mtenaons faded 

m generatmg the phenolate ions of the sryl esters 3 by deprotecang the sdoxy funcuonabty w-tth fluonde tons; the 

latter are held responsible for the fluorescence m the CIEEZL pmcess of the benzofuran &oxetanes 2 Thus, m a 

control experunent it could be proved that the aryl esters 3 were rapidly decomposed when treated wttb fluonde 

Ions to yield qurte unexpectedly lsrge amounts of the d&tone 8, a product of enolate chemistry. In fact, the aryl 

esters 3 efficiently transestenfied even wtth phenolate Ions to gave the conespondmg phenyl ester Therefare, 

contrary to the methyl esters 5, which are perfectly stable towards fluonde ions and exh&nt mtense fluorescence 

III DMSO, the aryl esters 3 are not persistent in the fluonde ton reaction me&urn and are destroyed by their own 

aryloxy Ions, which are generated through fluonde ion desdylation Consequently, under the expenmental 

con&noons employed, fluorescence quantum yields could not be determmed These unusual results suggest that 

the aryloxy tons, necessanly formed III the fluonde ion-promoted desdylahon of the dloxetanes 2. may cause 

effecnve tn suu cleavage of the electronically excited ester products 4 Such a novel chenucal quenching process 

mtght be responwble for the weak hght emissions observed m the fluonde ion-mggeted CIEEL process of the 

dloxetanes 2 This consatutes an Inherent tificulty in the detemunahon of fluorescence quantum yields of such 

aryloxy-substituted esters 4 

In s&nary, we have demonstrated that the CIFZL mechamsm operates also for the stloxy-protected benzofuran 

hoxetanes 2 through fluonde Ion mggenng As observed previously l, the me&substituted isomer 2b IS mom 

effective than the correspondmg orzho isomer 2a. A rahonal design of an efficient CIJBL substrate, desirable 

especially for chemtlummescent immunoassay appbcattons4, should make use of the meta effect 

Acknowledgements. We thank the Deursche Forschungsgemernschgft (Sonderforschungsberelch 172 

“Molekulsre Mechamsmen kanzerogener PnmiirverGinderungen”) and the Fond& der Chemzschen Indusme for 

generous fmancal suppwt 



Stloxy-substituted benwfuran dtoxetanes 2233 

Experimental 

General Aspects 

The IR spectra were taken on a Perkm Elmer 1420 infrared spectmphotometer, the UV spectra wem mcorded on 

an Hitachi U-3200 spectrophotometer and the fluorescence spectra were measured on a Perkm Elmer LS 50 

specn&Kmme ter.- The lH and 13C NMR spectra were determined on a Bruker AC 200 (lH. 200 MHz, 13C 

50 MHz) or on a Bruker AC 250 spectrometer (lH: 250 MHz, 13C: 63 MHz), with tetramethylsilane or 

deuterochlomform as internal standards.- Elemental analysis were camed out by the Microanalytical Division of 

the Instttute of Inorgamc Chemrshy, Unlverslty of Wdrzburg - All melang points were taken on a Reichert 

lhermovar apparatus - Silica gel (63-200 mesh, Woehn) was used for column chromatography.- TLC analyses 

were run on sihca gel foils Polygram SIL G/UV254 (40 x 80) from Machexey & Nagel 

The synthesis of the hydroxy-subsmuted benwfuran derivatives was described earlier The stloxy-substituted 

benwfurans la. b were prepared accoting to the hterature procedure lo by using tert-butykhmethylchlo&lane 

and mndazole 111 methylene chloride. 

g-(2 ‘-tert-Butyi~methyls~lo~)phenyl-3-methyibenzo~an (la) was obtauwd ss a colorless oil m 87% yield after 

sihca gel column chromatography by elutmg with 8: 1 petroleum ether (30-70 OC)/ ethyl ether- IR (film) : v = 

309Ocm-‘. 2990, 2960.2880, 1595 (GC). 1490. 1455, 1390, 1365, 1260,121O. 1100,910.- UV (MeOH) 

hmax Og E) = 293 nm (4 00) - ‘H NMR (CDC13,250 MHz) 6 = 0 10 (s, 6H, SiMe2). 0.93 (s, 9H, tBu), 2 35 

(s. 3H, CH3), 6 95 - 7 07 (m, 2H. amm H), 7 20 - 7 35 (m, 3H. aromat H), 7 42 - 7 55 (ml 3H, arom I-I).- 

13C NMR (CDC13, 63 MHz) 6 = - 5 72 (q. SiMe2). 7 89 (q, CH3), 17 0 (s, tBu), 24 5 (q, tBu), 109 9 (d), 

111.8 (s), 118 1 (d). 119 1 (d). 120 3 (d), 121.0 (d), 1219 (s), 122 8 (d), 129.0 (d), 129.4 (s), 1304 (d), 

148 8 (s, C-2). 152 8 (s, C-7a), 153.2 (s. C-21 - C2lH26%Si (338 4) Calcd C 74 54 H 7.74, Found C 

74 13 H 803 

2-(3’-terr-BuryldmrethyIslloxylphenyl-j-mer (1 b) was obtained m 52% yield as colorless oil after 

silica gel column chromatography by elutmg with 2 1 petroleum ether (30-70 oc)/ ethyl ether - IR(film): v = 

3080cm-1,2980, 2950,2880, 1580 (C=C), 1455, 1370,1300, 1245,1205. 1115. 1090,950.840,790,750- 

lH NMR (CDC13,250 MHz) 8 = 0 23 (s, 6H, SiMe2). 100 (s. 9H, &I), 2 45 (s, 3H, CH3), 6.79 - 6 86 (m. 
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lH, arom H), 7 18 - 7 53 (m. 7H. aromat. H) - 13C NMR (CDCl3.63 MHz). 6 = -5.73 (q. SIMC~), 8.47 (q, 

CH3), 17.2 (s, tBu). 247 (q, tBu), 109 9 (d), 110 3 (s), 117 3 (d). 118 2 (d). 118 7 (d), 118.8 (d), 121 3 (d). 

123 3 (d), 128 6 (d), 130 1 (s). 131 6 (s), 149 4 (s, C-2), 152 7 (s. C-7a). 154 8 (s, C-3’).- C2lH2&$1 

(338 4). Calcd C 74.54 H 7.74, Found C 74.28 H 7.58 

Methyl 2-tert-butyldmethylmkybenwate (Sa) was obtamed m only 39% y&l as c~lor1e.s~ hqmd after s&a 

gel column chromatography by elutmg with 6 1 petroleum ether (30-70°C!)/ ethyl ether. Full conversion of the 

startmg maternal could not be achieved even with an excess of chloro&ute after 24 h m boding methylene chonde 

under a nitrogen gas atmosphere - IR(film): v = 3080 cm-l ,2960,2930,2860,1735 (C=O), 1600 (CX!), 1575 

(C=C), 1485. 1450, 1300, 1250, 1080. 920. 830 - lH NMR (CDC13, 250 MHz) 6 = 0 19 (s, 6H. SlMe2). 

0 99 (s, 9H. tBu). 3 84 (s. 3H, OMe), 6.85 (dd. 234 = 8 3 Hz, J35 = 10 Hz, lH, 3-H), 6 95 (dt, 43 = LQ5 = 

7 5 Hz, J& = 0.8 Hz, lH, 4-H), 7.32 (m, 1H. 5-H), 7 75 (dd. 1765 = 7 8 Hz, J& = 0.8 Hz, lH, 6-H).- l3 C 

NMR (CDCl3.63 MHz) 6 = -4.15 (q, S&le2), 18 5 (s. tBu), 25 9 (q. tBu). 52 0 (q, OMe). 121.1 (d). 121 4 

(d), 123 1 (s, C-l), 131 8 (d), 133 2 (d), 155 3 (s, C-2), 167 5 (s, C=O) - Cl4H22O3S1 (266 3) Calcd. C 

6314H833, Found C 6350 H 861 

Methyl 3-tert-butyldunethylsrloxybenzoate (5 b) was pnpared as previously described 1 1 m 76% yield and was 

punfied by desallatlon (bp 85-90 OC/O.l Torr) The spectral and analytical data are m accord wth those 

repartedll 

Preparatwn of the Benzojkran Dwxetanes 2 by Photooxygenatlon of the Benzofwans 1 - General Procedure 

Into a lOO-ml test tube, eqmpped with a gas inlet and outlet, was placed a solution of the correspondmg 

benzofuran 1 (0 30 - 0 90 mmol) and 2 - 10 mg of tetraphenylphorphme (TPP) as sensltlzer m metal-free 

(d~snlled 6om EDTA) methylene chlonde The soluaon was cooled to the approplate temperature (-20 to -40 OC) 

by means of a methanol bath wtth the help of a MGW Lauda 0yomat A gentle stream of dry oxygen gas was 

bubbled through the solution while tiatmg with two 150-W sodium lamps (Phlhps G/98/2 SON 150-W) 

The reaction progmss was momtored by TLC After complete consumpnon of the stamng matenal, the soluuon 

was concentrated on a rotary evaporator at O°C and 15 Torr and the residue chromatographed on silica gel (63- 

200mesh)at -25OC. 
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2a,7b-Dlhydro-2&(2 ‘-tert-butyldrmethyLFlloxylphenyl-7b_nz(2a) 

Photooxygen&on of 125 mg (0 369 mmol) of la 1n 25 ml methylene chlonde at -3OOC for 7 h gave 50 0 mg 

(37%) of 2a as yellow needles after silica gel column chromatogmphy of the crude product by elutmg wuh 5 1 

pentane/ ethyl ether. Recrystalhzatlon from 10 1 pentane/ methylene chlonde affonied yellow needles, m.p 97- 

99OC.- IR (CCl4): v = 2960 cm-l, 2950, 2850, 1600, 1580 (C=C). 1490, 1285, 1185, 1110, 1080, 1050, 

1000, 920 - lH NMR (CDClg -25OC, 200 MHz) 6 = -0.27 (s, 3H, WMe), 0 09 (s, 3H. S1Me). 0.68 (s, 9H, 

tBu), 174 (s, 3H, CH3), 6 89 - 7.15 (m, 4H, arom H), 7 31 - 7 48 (m, 3H, arom H), 7.78 (dd, J = 7 7 Hz, L 

= 18Hz, lH,arom H)- l3 C NMR (CDCl3, -25OC, 50 MHz) 6 = -4 61 (q. SlMe), -3 85 (q, S1Me). 17.5 (q, 

CH3), 18 6 (s, tBu), 25 6 (q, tBu). 964 (s, C-7b), 112 1 (d), 117 6 (s), 118 2 (d), 1203 (d). 122.3 (d), 122 4 

(s), 123 6 (d), 128 4 (s). 128.6 (d), 131 2 (d), 131 6 (d), 153 1 (s, C-2’), 160 7 (s, C-3a) - C2lH2604S1 

(3704) Calcd C 6807 H 707,Found C 6771 H 705 

2a,7b-D~hydro-2a-(3’-tert-buryldunethyls~loxy)phenyl-7b-merhyl-l,2-dwxeto[3,4-b]bensofumn(2b) 

Photooxygenaaon of 300 mg (0 886 mmol) of 1 b m 30 ml methylene chlonde at -4OOC for 19 h gave 20 0 mg 

(7%) of 2b as yellow 011 and 40 0 mg (13%) of the corresponding 2-hydroperoxy-2-(3’-tert- 

butyl~methyls1loxy)henyl-3methylenebenzofuran after s111ca gel column chromatography of the crude product 

by elutmg with 10 1 pentand ethyl ether Both compounds were too labile for elemental analysis Spectral and 

analytical data for &oxetane 2 b lH NMR (CDCl3, -40°C, 200 MHz)* 8 = 0 20 (s, 6H, S1Me2), 0.98 (s, 9H, 

tBu), 156 (s, 3H. CH3). 6 97 - 7 56 (m, 8H, arom H) - 13C NMR (CDCl3, -40 OC, 50 MHz) 8 = - 4.52 (q, 

8Me2), 18 1 (s. tBu), 18 3 (q, CH3), 25 5 (q, WI). 96 6 (s, C-7b), 111 9 (d), 118.0 (s), 119 1 (d), 120 0 (d), 

122 0 (d), 122 9 (d), 123 8 (d), 124.0 (s). 129 8 (d), 132 0 (d), 133 4 (s), 155 7 (s. C-3’). 160 7 (s, C-3a) 

Spectral and analyhcal data for the hydroperoxlde IR(CCl4) v = 3540 cm-l (OOH). 2995,2980,2880, 1600 

(C=C), 1575 (C=C), 1500 (C=C), 1480, 1450, 1290, 1270, 1220, 1105. 1015, 920, 640 - lH NMR (CDC13, 

-25OC, 200 MHz) 8 = 0 18 (s, 6H, S1Me2). 0 95 (s, 9H, tBu), 5 32 (s, lH, --cH), 5 84 (s, lH, =CH), 6 86 - 

7 47 (m, 8H, arom H), 8 80 (s, 1H. OOH) - 13C NMR (CDCl3, -25 OC, 50 MHz) 8 = -4 56 (q, S1Me2), 18 1 

(s, tBu), 25 5 (q, tBu), 109 5 (t, =CH2), 110 4 (d), 114 2 (s, C-2), 117 6 (d), 118 5 (d), 120 7 (d), 121 3 (d), 

121 9 (d), 124 0 (s), 129 7 (d), 130 9 (d), 138 0 (s), 143 2 (s, C-3). 155 5 (s, C-3’). 155 6 (s, C-7a) 

Preparaaon of the Thermal Decomposlnon Products 3a,b The unknown doxy-subsmuted aryl esters 3a, b 

were isolated from the photooxygenatlon rmxture of the benzofurans la,b by srhca gel column chromatography 
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242 ‘-tert-Butyldrmethyisrloxy)benzoyloxyace (3e) was obtamed 11137% yield as yellow od by elutmg 

with 5 1 pentane / ethyl ether and on standmg at -25OC for several days crystaked as yellow plates, m p. 53-55 

OC - IR(film). v = 3080 cm-l, 2960.2860, 1755 (C-O). 1690 (COO), 1600 (C=C), 1575 (C=C), 1490,1450, 

1250,1195,1025,920 - UV(MeCN) kmax(lg E) = 292 nm (4 19) - lH NMR (CDClg 250 MHz) 6 = 0.17 (s, 

6H, S1Me2), 0 90 (s, 9H, tBu), 2 47 (s, 3H, CH3), 6 87 (dd, L = 8 3 Hz, 2 = 0 9 Hz, lH, axom H), 6 99 (dt, 

1=76Hz,J=llHz,lH,arom H),714(dd,~=81Hz.~=llHz,lH,arom H),727(dt,J=7.6Hz,i 

=11Hz,1H,arom.H),735-742(m,1H,arom I-J&746-753(m,lH,arom H),777(dd,J.=7.8Hz,Z 

=17HslH,arom H),8.01(dd,~=79Hz,~=1.8Hz,1H,arom.H)-l3CNMR(CDCl3,63MHz) 6=- 

4 18 (q, S1Me2), 18 3 (s, tBu), 25 7 (q, tBu), 29 8 (q, CH3), 121.0 (d), 121.1 (s), 121 1 (d), 123.9 (d), 125 9 

(d), 130 1 (d). 131 6 (s), 132.4 (d), 133.3 (d), 134 1 (d), 1494 (s, C-2), 1564 (s, C-2’), 163.9 (s, C=O), 

197 7 (s, C=O) - C21H2604S1(370 4). Calcd C 68.07 H 7 07, Found C 67.80 H 7 45 

2-(3 ‘-tert-Butyldmethylsrloxy)benzoyloxyacetophenone (3b) was obtained as colorless 011 in 40% yield from 

the photooxygenatlon rmxture of benzofuran 1 b by elutmg with 3 1 penta& ether - IR(film). v = 3080 cm-l, 

2960,2940,286(-l. 1750 (C=O). 1695 (C=O), 1605 (C=C), 1590 (C=C), 1490, 1440, 1360. 1290, 1210,960, 

865 - UV(MeOH): hmax(lg &) = 238 nm (4 45). 291 (3 75).- lH NMR (CDClg 250 MHz)* 6 = 0 16 (s, 6H, 

SMe2), 0 93 (s, 9H, tBu), 2 47 (s, 3H, CH3), 7 05 (ddd, J = 8.1 Hz, J= 2 5 Hz, L = 10 Hz, lH, arom H), 

716(dd,~=81Hz,~=l.OHz,lH,arom H),725-7 34(m,2H,arom H),750(dt,J=79Hz,J=17 

Hz, lH, arom H), 7 57 (t, J = 2 0 Hz, lH, 2,-H), 7 74 (td, J = 7.7 Hz, J = 12 Hz, lH, arom. H), 7 80 (dd, 1 

=78Hz,J=17Hz,lH,arom H)- l3CNMR(CDCl3,63MHz) s=- 4 15 (q, S1Me2). 18 5 (s, tBu), 25 9 

(q, tBu), 30.2 (q, CH3), 1219 (d), 123 5 (d), 124 1 (d), 126 0 (d). 126.4 (d), 130 0 (d).130 5 (d), 130 7 (s), 

1316 (s), 133 6 (d), 149 7 (s, C-2), 156 2 (s, C-3’), 165 2 (s, GO), 197 8 (s, C=O) - C21H2604S1 (3704) 

Calcd C 6807 H 707,Found C 67 61 H 7 27 

Reaction of 2-Benzoyloxyacetophenone (6) wrth Fluonde Ions 

To a solution of 500 mg (2 08 mmol) 2henzoyloxyacetophenone (6) 1n 20 ml of DMSO was added 984 mg 

(3 12 mmol) nBu4NF 3H20 and stvred for 30 mm at room temperature 50 ml of water was added to the orange 

solution and the latter wth 0 5 N HCl adjusted to pH 7 After extracbon wtth ether (2x50 ml) and s111ca gel 

column chromatography (2 1 petroleum ether/ ethyl ether) 32 0 mg (18%) of 2-hydroxyacetophenone (7) and 190 

mg (61%) of l-(2’-hydroxy)phenyl-3-phenylpropane-1,3-d1one (8) were obtamed Only 62% of conversion was 

achieved, based on re1solated startmg matenal Spectral and analytical data for the known’* tietone 8 IR(KBr) 
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1610 c~-~(C=O), 1575 (C=C), 1490, 1300, 1200, 1185.1020,895.730,620 - UV(MeOH)* I,(lg E) = 252 

nm (4.01), 364 (4 44) - lH NMR (CDClg 250 MHz) 6 = 4 63 (s, 2H, CH2, 11% d&to tautomer), 6 84 (s, 

lH, =CH, 89% enol tautomer), 6 91 (dt, J = 7 3 Hz, J = 12 Hz. lH, arom. H), 7 00 (dd, J = 8 4 Hz, J = 10 

Hz, lH, amm H), 7.41 - 7 55 (m. 3H. arom H), 7 77 (dd, 1 = 8 1 Hz, 1= 10 Hz, 1H. arom H). 7 88 - 7 94 

(m. 2H, arom H), 1192 (s, 1H. OH, 11% dlketo tautomer), 12 09 (s, IH, OH, 89% enol tautomer), 15 54 (s, 

lH, OH) - 13C NMR (CDC13, 63 MHz) 6 = 92 5 (d, =CH), 119 1 (s), 119.2 (d). 119 4 (d), 127 1 (2 d), 

128 8 (d), 129 0 (2 d), 132 7 (d), 133 9 8s), 136.1 (d), 162 8 (s, C-2‘). 177 8 (s. C-3), 195 9 (s, C-l) - 

Reactron of 2-Benzoyloxyacetophenone (6 ) wrth Sodrum Phetwlate 

To a soluhon of 242 mg (2 08 mmol) sodmm phenolate m 30 ml DMSO was added a solution of 500 mg (2 08 

mmol) 2-benzoyloxyacetophenone (6) m 10 ml of DMSO and the rmxn~e shr& at mom temperature for 1 h To 

the reacuon rmxture was added 30 ml of water and the latter with 0 5 N HCl adJusted to a pH 7 After extraction 

wnh ethyl ether (50 ml) and methylene chlonde (50 ml) and s&a gel column chromatography (1 1 petroleum 

ether (30-70 OC)/ methylene chloride) 161 mg (20%) of phenyl benzoate (9) was obtamed. m p 68-69OC Also 

tietone 8 (23%) and 2-hydmxyacetophenone (7) (19%) were Isolated The spectral and analytical data of these 

compounds matched those repom~I*~*‘~ 

CIEEL Measurements of the Benzofuran Dtoxetanes 2 - General Procedure All measurements were performed 

on a Mitchell-Hastmgs photometer l4 From a 0 01 M stock solution of the dloxetane m acetommle were 

transferred 3 ml mto a scmtdlatton tube and the latter placed mto the photometer, whch was thermostated with the 

help of a MGW Lauda Cryomat at 25 OC After 5 to 7 mm an appropnate amount of 0.1 M tetra-n- 

butylammonmm fluonde m acetonrmle was added by means of a syringe through the rubber septum under 

ngorous exclusion of light, with the photomultlpher open for mum&ate measurement The hght ermsslon was 

recorded with a Servogor ZlO recorder and the mtenaty-nme traces processed accoting to first-order kmeucs 

The light intensity was cahbrated by means of the scmtdlahon “cocktiul” of Hastmgs and Weber14 as hght 

standard The CIEEL results are. summarized in Table 1 

Recordtng of the UVIVIS and Fluorescence Spectra 

To a sample of the esters 3-5, &solved m DMSO or acetommle (c = 1 lo4 to 1 10V5 M), was added a solution 

of nBuqNF in the correpondmg solvent, so that a tenfold excess of fluonde resulted The absorption spectrum 

was recorded lmmedlately and subsequently the fluorescence spectrum of the same sample was measured As 
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standard for the determma uon of the fluorescence quantum ytelds a 5 lo6 M soluuon of quimne brsulfate in 1 N 

sulfunc actd was used [&QBS) = 0 561 The calculation of the fluorescence quantum ytelds was performed as 

described m the hteraturet5 
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