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Abstract - Photolyses of 2-methylacetophenone or 2-methylhenzophenone 

with isohutylidene Meldrum's acid or 5-isohutylidene-1,3-dioxane-4,6-dione 

derivatives produced novel adducts, bonding between the p-carbon of the acylals 

and the 2-methyl carbon of the aromatic ketones. However, the photoenol derived 

from benzocyclobutenols by thermolysis did not undergo the addition reaction with 

the acylal. The benzocyclobutenols reacted with isohutenylketene derived by 

pyrolysis of isobutylidene Meldrum's acid to yield corresponding benzocyclo- 

butenyl4methyl-3-pentenoate derivatives. 

INTRODUCTION 

The intramolecular hydrogen abstraction of o-alkyl-substituted aromatic carbonyl compounds by uv irradiation is 

well-known and has been extensively investigated.'.a The transient (E)-photoenols. (E)-a-hydroxy-o- 

quinodimethanes, undergo a Diels-Alder reaction with some dienophile~.'~. ' ' .~ in a previous paper, we reported 

that the (0-photoenol of 2-methylhenzaldehyde (1) reacted with fr-alkylidene-l,3-dioxane-4,&dione derivatives 

(Z)? effective unsymmetrical dienophiles, leading stereo- and regioselectively to the spiro- and polyspirocyclic 

compounds with a 1.2.3.4tetrahydro-I-naphthol ~t ruc tu re .~  It has been reported that the photolyses of 2- 

methylacetophenone (3) and 2-methylbenzophenone (4) also afford the corresponding photoenols, (El-ct- 

hydroxy-<*methyl-u-quinodimethane (5) and (0-cr-hydroxy-rz-phenyl-o-quinodirnethane (6), respectively, and 

their lifetimes in cyclohexane are 4.3 s'k and 10 s,?m respectively. Therefore, it would also he expected that the 

photoenols (5 and 6) undergo the Diels-Alder reaction with 2.5 We would like to report herein the results 

obtained by photolyses of 3 and 4 with 2. 
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RESULTS AND DISCUSSION 

.. 
3 Za: R1=R?=CH? 7: RI=RLCH3 8 

Zb: R1-R'=-(CH2)4- 9: R ~ - R ? = - ( c H ~ ) ~ -  . 
Ze: RI-R?=-(CH?)s- 10: R I -R?=- (cH~)~-  

Scheme I 

An equimolar solution (0.02 mol 1 - 1 )  of 3 and isobutylidene Meldrum's acid (Za) in acetonitrile (400 mi) was 

irradiated for 8 h at room temperature under argon atmosphere using an Ushio 100-W high-pressure mercury 

lamp with a Pyrex jacket. After evaporation of the solvent, the photoproducts were isolated by silica gel 

chromatography. The major photoproduct (7), obtained in 47% yield, involved bondlng between the kcarbon of 

2a and the 2-methyl carbon of 3 (Scheme 1 )  and was not the expected 14n+2nlcycloadduct from the Diels-Alder 

reaction with the photoenol (5) from 3. In addition, I-hydroxy-l-methyl-4H-2,3-benzodioxin (Q6 formed by 

the cycloaddition of the photoenol (5) with oxygen was obtained as a minor photoproduct (0.8%). The peroxide 

(8) was not formed when a completely degassed solution was irradiated. Similarly, the photolyses of 3 with the 

spirocyclic acylals ( 2 b  and 2e)  led to the corresponding adducts (9 and 10) in  62% and 67% yields. 

respectively. 

+ Polymeric 
0 R? CH,CN 0 R2 material 

Scheme 2 

In the case of the photolysis of 4 wlth 2a  in acetonitrile, when the irradiation was continued until the 

disappearance of the acylal (Za), the adduct (11) was obtained in 36% yield. An appreciable amount of 

polymeric material was formed, and isobutyl Meldrum's acid (12),7 the reduction compounds of Za, was also 

obtained as a by-product in 10% yield (Scheme 2). A similar reaction proceeded in the cases of 4 with the 

splrocyclic acylals (Zb and Zc) giving the corresponding adducts (13 and 14) in 21% and 24% yields, 

respectively, and also leading to the reduction compounds (15 and 16). In the photolysis of 2a and 4, however, 

when the conversion of 2a  was 84%. the yield of the adduct (11) increased (45%). When the isolated adducts 
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(11, 13, and 14) were irradiated in acetonitrile, the polymeric material was produced, whereas no format~on of 

5-isobutyl-1.3-dioxane-4.6-diones (12, 15, and 16) was found. Hence it is considered that the polymeric 

material was produced from the photoreaction of the adducts (11, 13, and 14). 

The structure of these adducts was determined by means of nmr and other spectroscopic measurements. The ' H  

and I3C nmr and ir spectra of the adducts (7 ,9-11,  13, and 14) show the presence of an acetyl group or a 

benzoyl group and the absence of hydroxyl group. In the IH nmr spectra, the 5-methine proton in the 1.3- 

dioxane4,6-dione ring of the adducts acts as a Brmsted acidX which appeared a s  a doublet with J=1.4-2.3 Hz at 

h 3.5-3.7 ppm in CDCIj, and during the measurement after adding methanol-4, the incorporation of deuterium 

into the 5-methine group was detected. This result was also supported by 13C nmr analyses. Moreover, each 

ortho henzylic proton of the adducts was ohsewed at different magnetic fields, and the geminal coupling constants 

had a J=12.7-13.8 Hz. 

The cycloalkylidene Meldrum's acids (17 and 18) act as weaker d~enophiles than isohutylidene Meldrum's acid 

(Za), although their acylals underwent the Diels-Alder reaction with photoenol (19) from 2-methylbenzaldehyde 

(I).' Therefore, it is expected that the photolyses of 3 o r 4  with cycloalkylidene Meldrum's acids (17 and 18) 

afford the corresponding adducts. 

In the case of the photolyses of 3 with 17 or 18 in acetonitrile, the corresponding adducts (20 and 21) were 

obtained in 28% and 44% yields, respectively (Scheme 3), whereas for similar photolyses of 4 and 17 or 18 no 

corresponding adducts were obtained. The structures of 20 and 21 were also determined by their spectroscopic 

properties. 

Scheme 3 

It is generally recognized that the smaller the energy gap between the HOMO of the diene and the LUMO of the 

dienophile, the more easily the Diels-Alder reaction pmceeds.9 We performed MO calculations'" for 2a and the 

photoenols (5 and 6 )  of 3 and 4.1° T o  compare with the energy levels of 5 and 6, the photoenol of 2- 

methylbenzaldehyde, (E)-whydroxy-o-quinodimethane (191, was also calculated.10 The relationships between 

the energy levels are summarized in Figure 1. The interactions between the HOMOS of the quinodimethanes and 

the LUMO of Za, and the LUMOs of the quinodimethanes and the HOMO of 2a are symmetry-allowed. The 

energy gaps between HOMOS of the quinodimethanes and the LUMO of Za are considerably smaller than those 
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between LUMOs of the quinodimethanes and the HOMO of 2a. Moreover, the energy gaps between the HOMO 

of 5 6 ,  and 19 and the LUMO of Za are similar. The Diels-Alder reaction of the photoenol (19) with Za 

pr~ceeded ,~  and the lifetimes of 5 and 6 are sufficient to undergo the Diels-Alder reaction with LUMO of Za as 

described previously. 

0355 

0?70 f$ :, (1 2% 0314 

0 305 0 249 0 305 

JJ?% 41% 

- 
-0.283 eV 

- LUMO 
-0.300 eV -0.447 eV - 

Figure 
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-11.116eV 

I. Molecular orbital col~elation diagrams of (a-n-quinodimethanes and isobutylidene 
Meldrum's acid by MNDO calculation. 

It has been reported that the heterocycloadducts, which were derived by the 14n+2nlcycloaddition of the 

photoenol of the o-alkyl-substituted aromatic carbonyl compounds with oxygen"'? or sulfur dioxide.13 undergo 

cleavage between the heteroatoms or between the hetero atom and carbon atom. Block and Stevenson14 have 

reported that the Diels-Alder reaction of the photoenol (6) and the n.p-unsaturated lactone is a thermal process 

involving the ground state photoenol, because the yield of the [4n+2n]cycloadduct increases with an increase in 

temperature. If such a temperature effect would be recoginized in these addition reactions, it is expected in the 

following reaction path-way. The 14n+2nlcycloadducts produced by the Diels-Alder reaction of the photoenols 
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On the other hand, i t  is well-known that the photoenols can also be derived from the thermal ring cleavage of the 

benzocyclobutenols (22-24),lb,",'~." we then investigated the mode of the thermal reaction of 2a  and 22-24. 

Though refluxing a toluene solution (10 nil) of 2a ( 5  mmol) with 22 (1 mmol) led to an expected 

[4n+2n]cycloadduct (251, esters (26 ,27 ,  and 28) were also generated (Scheme 4). The formation of the 

cycloadduct (25) is consistent with involvement of the thermal Diels-Alder reaction of the photoenol (19) with 

Za. 

A 

Toluene 

23: R=CH, 2 a  29: R=CH3 
24: R=Ph 30: R=Ph 

Scheme 5 

In contrast the reaction of 2a and the alcohol (23 or 24) led to the corresponding esters (29 and 30). but the 

adduct'(7 or 11) was not obtained (Scheme 5). 

I t  is considered the esters (26.29. and 30) were derived by alcoholys~s of isobutenylketene which is formed by 

pyrolysis of 2a  with a 1.3-hydrogen shift, decarboxylation, and loss of acetone (Scheme 6),1X,1y and further 

pyrolysis of the cycloadduct (25) in the presence of 22 led to the ester (27) with decarboxylation, loss of 

acetone, and dehydration (Scheme 7). The ester (27) could be obtained from the thermolysis of 25 with 22 in 

toluene (see: Experimental section). In addition, i t  seems likely that a nucleophilic attack by the alcohol on the 

C=C bond of 2a resulted in the formation of Meldrum's acid (28).2" 

A 

C 0 2 a n d  acetone ~4 -.=.= 0 

I 

26: R=H 
29: R=CH3 
30: R=Ph 

Scheme 6 
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-C02and acetone 

2 7 '  
Scheme 7 

Although the MO calculations suggested that the photoenols undergo the Diels-Alder reaction with a, the results 

of the thermal reaction of the alcohols (23 and 24) with 2a and of the quantum yield exclude the path via the 

retro-aldol reaction from the 14~+2nlcycloadducts. Such a similar addition reaction was reported by Wilson el 

u1." in which the (E)-photoenol (6) produced by laser-jet photolysis of 4 was readily trapped with powerful 

acceptors such as 1,4-benzoquinone and N-phenyltriazolinedione (FI'ADF' to afford the corresponding adducts. 

and the acceptors of not less than -0.60 V in the reduction potential undergo the addit~on reaction w ~ t h  6. 

Therefore, these photoaddition reactions are presumed to involve a process viu electron transfer and proton 

transfer from an electron donor-acceptor (EDA) complex between the enol and the acylal. The reduction 

potentials of these acylals (Za, 17, and 18). however, were measured as -2.24, -2.40, and -2.12 V ,  respectively, 

which were obtained by c y c l ~  voltammetry i n  acetonltrnle us. Ag/Agf, and these acylals yielded cyclic 

voltammograms characteristic of irreversibility. These reduction potentials are much lower in value than the -0.60 

V required to oxidize the photoenols.22 

Takahashi and Kochiz have reported that I ,2-diphenylbenzocyclobutene forms an EDA complex w~ th  an electron 

acceptor such as tetracyanoethylene (TCNE) in several solvents and the charge-transfer (CT) irradiation of these 

solutions gives an o-quinodimethane by the photochemical disrotatory ring cleavage of the benzocyclobutene, 

followed by the Diels-Alder reaction takes place with TCNE to afford [4n+2nlcycloadducts. In our previous 

c~nimunicat ion, '~ the uv-absorption spectra of the y-allenyl-substituted alkylidene Meldrum's acids showed an 

intramolecular CT band from the EDA complex between the allenyl and the vinyl groups. In uv-absorption 

spectrum of a mixture of the ketone (3) or (4) and 2a  in acetonitrile, however, no CT absorption band was 

observed. Moreover, a mixture of the benzocyclobutenols (22-24) and Za in acetonitrile was also not found to 

have a CT absorption band. Hence, mechanistically, the addition reaction with the acylals (2a-c) may be 

presumed to be proceeded through a radical coupling and a proton transfer from the CT excited or ground state of 
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the EDA complex between the photoenol with the acylal. In addition, it is suggested that, from the results of 

of the ketones (3 and 4) with the c&loalkylidene Meldrum's acids (17 and 18). the addition 

reaction is subject to the steric effect. 

It is expected that a maximum of the CT band of the EDA complex between the photoenol and the acylal occurs 

above 4M) nm? A combination of a K2C104 solution and a Pyrex glass filter using a high-pressure mercury 

lamp is able to transmit virtually 3 13 nm in an ultraviolet region and also a visible light (>400 n ~ n ) . ~ ~  As shown 

in Runs 1.4, and 5 in Table I .  however, the results under the 365 nm, 313 nm, and 313 nm-visible irradiation 

sources at 30 "C imply the absence of significant differences in the quantum yield for the wavelength dependence. 

Moreover, the results of the quantum yields in Runs I and 6 8  show that there is no appreciable difference in the 

quantum efficiency with the solvent. Luts el al.Zk have reported that the transient of the photoenol (5) of 3 by a 

laser flash-photolysis was observed in the 370-390 nm region, and this absorption at room temperature was 

readily quenched by maleic anhydride or oxygen in dioxanc. Furthermore, Findlay and Tchir2' have reported that 

an optical density of 5 increased upon addition of oxygen, however, because a complexation of 5 with oxygen 

was dismissed, neither the position nor the shape of the absorption was altered.26 The resultsof the quantum 

yields and of the pioneer chemists suggest that the formation of the EDA complex is a negative. As can be seen 

from the LUMO of Za in Figure 1 ,  the orbital of the gposition is localized electronically, since the interaction 

between exomethylene moiety in the HOMO of 5 or 6 and the @carbon in the LUMO of 2a is considerably 

larger thad the other interactions. Therefore, it is considered that, in addition to the steric repulsion, the 

preferential bonding between these moieties takes place, followed by the resulting zwitterion undergoes an 

intramolecular proton transfer to afford the adducts (Scheme 8). However, it seems likely that the reduction 

compounds (12, 15, and 16) were derived from a radical ion pair, a radical anion of the cyclic acylal in the EDA 

complex, therefore, the cyclic acylals may be partially formed the EDA complex with the photoenol. 

Scheme 8 
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EXPERIMENTAL 

Melting points were determined on a micro-hot stage (Yazawa) and are uncorrected. The IH (90 MHz) and l3C 

nmr (22.5 MHz) spectra were recorded on a JEOL JNM-EX90 spectrometer. Chemical shifts are expressed in 

parts per million downfield from the internal tetramethylsilane. The ir spectra were recorded on a 810-RAD FTS- 

60A spectrophotometer. The uv-absorption spectra were measured with a Shimadzu UV-I60A spectrophoto- 

meter. The ms and hrms spectra were obtained with a JEOL JMS-AXMO spectrometer using a direct insertion 

probe or gcms at an ionization voltage of 70 eV; the gas chromatograph connected to the mass spectrometer was a 

Hewlett-Packard 5890 equipped with a capillary column (OV-I, 0.24 $mm x 25 m). Gas chromatographic 

analyses were performed with a Shirnadzu GC-14A equipped with a ~a~il larycolumn (OV-I, 0.24 $mm x 25 m) 

Elemental analyses were determined using a Perkin-Elmer 240C elemental analyzer at the Analytical Center, 

Institute of Science and Technology, College of Science and Technology, Nihon University. The silica gel used 

for column chromatography was Merck Kieselgel 60F (9385). Analytical tlc and preparative tlc were performed 

on Merck Kieselgel60F2~ (5714) glass-backed plates and Merck Kieselgel60F?~ (13792) glass backed-plates, 

respectively. The solvents used in the photoreactions were stored over 4A molecular sieves. 2-Methyl- 

acetophenone and 2-methylbenzophenone were purchased from Aldrich Chemical Co. and Tokyo Kasei Kogyo 

Co. Ltd., respectively. 5-Alkylidene-1,3-dioxane-4,6-diones (2a-c, 17, and 18) were prepared by the methods 

described i n  the previous report3 1.2-Dihydrobenzocyclohutenol (22; mp 57-58 "C, lit.,'7 mp 58 "C), 1,2- 

dihydro-I-methylhenzocyclohutenol (23; mp 67-68 "C, lit..ZX mp 69-70 "C), and 1.2-dihydrolphenylbenzo- 

cyclobutenol (tl; mp 80 "C, lit.,% mp 80 "C) were prepared according to a procedure of the reported method. 

Photo1v.si.s of 2-Merhvlucelo~henonr with 1,vohurylidmr Meldrum'.! Acid. 

Method A: A solution of 3 (1.07 g, 7.95 mmol) and isobutylidene Meldrum's acid (Za: 1.58 g, 8.05 mmol) in 

acetonitrile (400 ml) in a Pyrex vessel was irradiated at room temperature using an Ushio 100-W high-pressure 

mercury lamp with a Pyrex jacket. The reaction was monitored by the disappearance of 2a or 3. After 8 h, the 

solvent was evaporated and the residue was purified by column chromatography (silica gel, 100 g) using hexane- 

acetone (955, vlv)  as an eluent to give 5-1 1-(2-acetylbenzyl)isobutyl]-2,2-dimethyl-l,3-dioxane-4,6-dione (7) 

and the peroxide (8) in 47% (1.24 g) and 0.8% (10 mg) yields, respectively. 

7: Colorless crystals: mp I 11-1 12 'C (from benzeneihexane); ir (KBr) 3003,2962, 2876, 177S(ester CO), 1736 

(ester CO), 1689(ketone CO) cm-I; 'H nmr (CDCI,) a 0.87(3H, d, J=7.1 Hz, CH,), 1.16(3H, d, k 7 . 1  Hz, 

CH3). 1.62(3H, s, 2-CH3), 1.68(3H, s, 2-CH3). 1.8-2.3(1H, m, CH(CH3)?), 2.4-2.8(1H, m, CHCH(CH3)1), 

2.59(3H, s, COCH,), 2.91(1H, dd, J=11.1 and 13.3 Hz, CHAr), 3.51(1H, dd, 5 ~ 3 . 6  and 13.3 Hz, CHAr), 

3.53(1H, d, J=1.8 Hz, methanol-da exchangeable, 5-CH), 7.2-7.8(4H, m, ArH); '3C nmr (CDCb) h 21.35(2C, 

q, isopropyl CH3x2), 26.97, 28.07(each q, Z - C H ~ X ~ ) ,  29.86(d, isopropyl CH), 30.12(q, C o r n 3 ) ,  34.57(t, 

CH2Ar). 45.81(d, 5-C, decreasing in methanol-da), 47.18(d, CHi-Pr), 104.61(s, 2-C), 126.71, 129.03, 

13 1.35, 132.37(each d, CH,,,), 139.40, 139.7qeach s, Car,,), 165.30, 166.71(each s, ester COxZ), 202.94 

(s, ketone CO). Awl .  Calcd for Ct9H?405: C, 68.66, H, 7.28. Found: C, 68.59; H, 7.27. 
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8: The IH nmr data for 8 are identical with that in the l i t e r a t~ r e .~  

Merhod B: A dichloromethane solution (50 ml) of 3 (141 mg, 1.05 mmol) and 2a  (200 mg, 1.01 mmol) in a 

Pyrex tube was fully degassed with argon, cooled to -78 "C in a dry ice-methanol bath, and then irradiated for 6.5 

h by an Ushio 100-W high-pressure merculy lamp through a Pyrex filter. By gc analysis using octadecane as an 

internal standard, 2a and 3 were determined to have conversion efficiencies of 66% and 51%, respectively. The 

reaction mixture was evaporated in vucu,i and the residue was chromatographedon silica gel (50 g) using hexane 

acetone (8:2, vlv). From the first elution a mixture of 2a  and 3 (165 mg; 2a:3=53:47 by 'H nmr analysis) was 

recovered. The next elution afforded 7 (105 mg, 47%). 

Phoro1vsi.v of 2-Mrthvlucefophmone with 8-1,~ohurvlidme-6. /0-dir1xu.vpiro/4..5/drcunr-7.9-dionr. In a manner 

similar to that described above for the preparation in Method A, a solution of 3 (1.08 g, 8.02 mmol) and 8-  

isobutylidene-6,lO-dioxaspirol4.5)decane-7,9-dione (2b: 1.79 g, 8.02 mmol) in acetonitrile (400 ml) was 

irradiated for 7 h. Purification by column chromatography on silica gel (hexane-acetone; 955. vlv) afforded 8-1 1- 

(2-acetylbenzyl)isoburyl1-6,10-dioxaspirol4.5ldecane-6,IO-dione (9: 1.76 g, 62%) and 8 (70 mg, 5%). 

9: Colorless crystals; mp 97-98 "C (from benzeneihexane); ir (KBr) 2974, 2959, 2871, 1780(ester CO), 1736 

(ester CO), 1686(ketone CO) cm-1; IH nmr (CDCl,) h 0 .833H, d,  J=6.7 Hz, CH3), 1.17(3H, d, J=6.7 Hz, 

CHJ), 1.5-2.4(9H, m, CHzx4 and CH(CH3)z) 2.4-2.8(1H, m, CHCH(CH+), 2.58(3H, s, COCH3), 3.01 

(IH,  dd, k 1 0 . 6  and 13.7 Hz, CHAr). 3.45(1H, dd, J 5 . 5  and 13.3 Hz, CHArl, 3.58(1H, d,5=1.7 Hz, 

rnethanol.de exchangeable, %CHI, 7.2-7.7(4H, m, ArH): 13C nmr (CDC13) h 21.31, 21.S4each q,  isopropyl 

CH3x2). 22.52, 24.31(each 1, 2- and 3 - 0 ,  29.89(2C, d and q. isopropyl CH and COCH3), 34.49(t, CH2Ar), 

17.85, 38.78(each t, I- and 4-C), 46.43(d, 8-C), 46.85(d, CHi-Pr), 113.67(s, 5.0, 126.66, 128.84, 131.33, 

132.16(each d, CH,,,,,). 139.46, 139.82(each s, C,,,,), 165.47. 167.13(each s, ester COx2). 202.81(s, ketone 

CO). And.  Calcd for Cz~HzhOs:  C, 70.37; H, 7.31. Found: C, 70.21; H, 7.22. 

Phorolvsi\ of 2-Methvlucero~henf~ne wifh .7- l .~ohul~: l idmr- l .5-di~~~u.v1, i r~~/5..~/und~cu-2,4-di inr In a manner 

similar to that described above for the preparation in Method A, a solution of 3 (1.08 g, 8.02 mmol) and 3- 

isobutylidene-l,5-dioxaspirol5.5lundecane-2,4-dione (Zc: 1.91 g, 8.02 mmol) in acetonitrile (400 ml) was 

irradiated for 7 h. Purification by column chromatography on silica gel (hexane-acetone; 9-55. vlv) afforded 3-1 1- 

(2-acetylbenzyl)isobutyll-l,5-dioxaspiro~5.5~undecane-2,4-dione (10: 2.00 g, 67%) and 8 (57 mg, 4%). 

10: Colorless crystals: mp 78 "C (from benzeneihexane); ir (KBr) 3019, 2952, 285.5, 1774tester CO), 1733 

(ester CO), 1687(ketone CO) c d ;  IH nmr (CDC13) h 0.88(3H, d, J=6.6 Hz, CH3), 1.15(3H, d,  k 6 . 6  Hz, 

CH3). 1.2-2.3(1 IH, rn, CH2x.5 and CH(CH3)z). 2.4-2.8(1H, m, CHCH(CH+), 2.59(3H, s ,  COCH3), 2.99 

(IH,  dd, J=11.1 and 12.8 Hz, CHAr), 3.@(IH. d, J=1.8 Hz, methanol-ddexchangeable, 3-CH), 3.53(1H, dd, 

J=3.5 and 12.8 Hz, CHAr), 7.2-7.8(4H, ni, ArH); '3C nmr (CDC13) h 21.31 (ZC, q, CH3x2), 21.42, 21.73, 

22.52(each t, 8-, 9-, and 10-C), 29.82(q, COCH3). 30.20(d, isopropyl CHI, 34.49(1, CH?Ar), 36.24, 

36.50(each t, 7- and I I-C), 46.07(d, 3-C), 47.29(d, CHi-Pr), 105.33(s, 6-C), 126.67, 129.07, 131.3 1, 132.33 
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(each d, CH,,,,), 139.36, 139.7qeach s, C,,,), 165.38, 166.71(each s, ester COx2), 202.79(s, ketone CO). 

Anul. Calcd for C Z ~ H Z ~ O ~ :  C, 70.94, H, 7.58. Found: C, 70.55; H, 7.48. 

Phorolv.se\ of'2-Methvlucetophmonr wirh i.sohurylidene Meldrum'.\ Acid in Dewassed Acetonitrile Solurion. 

Argon was fully bubbled into an acetonitrile-d3 solution (0.5 ml) of 3 (10 mg, 0.075 mmol) and 2a (15 mg, 

0.075 mmol) in a Pyrex nmr tube with cooling. The solution was irradiated f o r 8  h through a Pyrex jacket by an 

Ushio 100-W high-pressure mercury lamp with cooling. From measurement of the reaction mixture by 'H nmr, 

the adduct (7) was obtained in a quantitative yield, and no formation of the peroxide (8) was found. 

Photoly.\i.\ of 2-Merhy1hen;ophenone wirh i.sohurylrdme Meldrum', Acid. 

Merhod A: A solution of 4 (1.57 g, 8.02 mmol) and 2a (1.55 g. 7.82 mmol) in acetonitrile (400 rnl) was 

irradiated for 5 h under an argon atmosphere at room temperature using an Ushio 100-W high-pressure mercury 

lamp with a Pyrex jacket. After evaporation of the solvent, the residue was chromatographed on silica gel (100 

g). With acetone-hexane (595 ,  vlv! the ketone (4: 213 mg) was recovered in the first elution, and a second 

elution gave isobutyl Meldrum's acid (12: 1% mg, 10%); mp 117.1 18 "C (from benzenelhexane; lit.,?%p 119- 

120 "C). A third elution gave 5-1 1-(2-benzoylbenzyl)isohutyl~-2,2-dimethyl-l,3-dioxane-4,6-dione (11: 1.09 g, 

36%): colorless crystals: mp 110.1 l l "C (from benzenelhexane); ir (KBr) 3053, 3000, 2963, 2858, 1782(ester 

CO), 1748(ester CO), 1663(ketone CO) cm-I; 'H  nmr (CDCI3) b 0.81(3H, d, J=6.6 Hz, CH3). I.C4(3H, d, 

J=6.6 Hz, CH3). 1.7-2.2( IH, m, CH(CH3)2), 1.72(3H. s, 2-CHj), 1.76(3H, s ,  2-CH3), 2.2-2.8(1 H, m, 

CHCH(CH3)2!, 2.91(IH, dd, J=1 1.9 and 13.8 Hz, CHAr), 3.10(IH, dd, J5 .8 and 13.8 Hz, CHAr), 3.70 

( lH,  d, J=1.7 Hz, methanol-d4 exchangeable, 5-CH). 7.2-7.9(9H, m, ArH): I3C nmr (CDCI3) b 21.04(q, CH3), 

21.42(q, CH3), 26.70, 28.18(each q, Z - C H ~ X ~ ) ,  29.50(d, isopropyl CH), 34.22(t, CH2Ar). 45.50(d, 5-C), 

48.13(d, CHi-Pr), 104.76(s, 5 - 0 ,  126.18, 128.31, 128.46(2C), 130.36(2C), 130.43, 131.16, 133.55(each d, 

CHa,,,rn). 137.31. 139.06, 139.74(each s, C ,,,,, ), 16492,  166.90(each s, ester COxZ), 198.84(s, ketone CO). 

Anal. Calcd for C24H2605: C, 73.08; H, 6.64. Found: C, 72.95; H.6.61. Further elution with acetone yielded 

a polymeric material (367 mmg). 

Method B: A solution of 4 (1.62 g, 8.27 mmol) and 2a (1.58 g, 7.98 mmol) in acetonitrile (400 ml) was 

irradiated for 1.5 h under conditions similar to those above. By gc analysis based on octadecane as an internal 

standard. 4 and 2a were determined to have conversion efficiencies of 79% and 8490, respectively. After 

evaporation of the solvent, the residue was chromatographed on silica gel ( I00  g). With acetone-hexane (595. 

vlv). the ketone (4) was recovered quantitatively in the first elution, and 2a (138 mg) was recovered in the 

second elution. A third elution gave 12 (31 mg, 1%). The next elution afforded 11 (1.18 g, 45%). Further 

elution with acetone yielded a polymeric material (943 mg). 

Method C: A dichloromethane solution (50 ml) of 4 (89 mg, 0.45 mmol) and 2a (82 mg, 0.41 mmol) in a Pyrex 

tube was fully degassed with argon, cooled to -78 "C in a dry ice-methanol bath, and then irradiated for 2 h by an 

Ushio 100-W high-pressure mercury lamp through a Pyrex filter. The reaction mixture was evaporated in \wcuo, 
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and the residue was subjected to preparative tlc using hexane-EtOAc (8:2, vlv) as a developing solvent to afford 

the adduct (11: 102 mg, 63%). 

Phorolv.~i.s of 2-Mrthvlhm:oph,henone with K-l,$ohutvlidme-h.IO-diox~s~irol4..5ldrcune-7.Y-dionr. A solution of 

4 (1.58 g, 8.02 mmol) and 2b (1.80 g, 8.01 mmol) in acetonitrile (400 ml) was irradiated for 6 h under an argon 

atmosphere at room temperature using an Ushio 100-W high-pressure mercury lamp with a Pyrex jacket. After 

evaporation of the solvent, the residue was chromatographed on silica gel (100 g). With acetone-bexane (595 ,  

vIv), a mixture of 4 and 2b (166 nig) recovered in the first elution was in a ratio of 554.5 according to 'H nmr 

analysis. A second elution afforded 8-isobutyl-6,10-dioxaspiro~4..5]decane-7,9-dione (15:  210 mg, 13%): mp 

151-1.55 "C (from benzeneihexane); 'H  nmr (CDCIj) h 0.95(6H, d, 5=6.0 Hz, CH3x2), 1.4-2.2(1 IH, m, CH2x4 

and CH?CH(CH3)?), 3.46(1H, 1, J=5.5 Hz. 8-CH). Anal. Calcd for C12HIX04: C ,  63.70; H, 8.02. Found: C ,  

63.73; H, 7.83. A third elution yielded 8-[1-(2-benzoylbenzyl)isobutyl]-6,10-dioxaspiro[4.5]decane-7,9-dione 

(13: 695 mg, 21%): colorless crystals; mp 127 "C (from benzenelhexane): ir (KBr) 2971,2951,2832, 1780(ester 

CO), 1748(ester CO), 1655(ketone CO) cm-I; 'H nmr (CDCI3) h 0.77(3H, d, k6.7 Hz, CH3), 1.06(3H, d, 

5=6.6 Hz, CHd ,  1.5-2.6(10H, m, CH2x4 and CHCH(CH3)1), 2.87(IH, dd, 5=11.5 and 13.7 Hz, CHAr), 3.09 

( l H ,  dd, 5=3.5 and 13.7 Hz, CHAr), 3.72(1H, d, 5=1.4 Hz, methanol-d4 exchangeable, 8-CH), 7.2-7.9(9H, 

m, ArH); "C nmr (CDCl3) h 21.08(q, CH3), 21.57(q, CH3). 22.56, 24.42(each t, 2- and 3 . 0 ,  29.36(d, 

isopropyl CH), 34.26(1, CH?Ar), 37.76,38.90(each 1, I- and 4-C),46..53(d, 8-C), 47.33(d, CHi-Pr), 113.91(s, 

5-C), 126.10, 128.16, 128.42(2C), 128.54, 130.36(2C), 131.00, 133.51(each d, CH ,,,, ), 137.34, 139.17, 

139.78(each s, C,,,,), 165.19, 167.3Xeach s, ester COxZ), 198.65(s, ketone CO). Anul. Calcd for C2fiH2X05: 

C, 74.26: H, 6.71. Found: C, 74.29; H, 6.57. Further elution with acetone yielded a polymeric material (847 

ms). 

Photolv.$i\ of 2-Mrthv1hen:o~henonc with 3-l.sohutvlidme-I..5-di~~xu.~~irol5..5lundrcun~-2.4-dione. A solution 

of 4 (1.57 g, 8.03 mmol) and 2c (1.90 g, 8.00 mmol) in acetonitrile (400 ml) was irradiated for 14 h under an 

argon atmosphere at room temperature using an Ushio 100-W high-pressure mercury lamp with a Pyrex jacket. 

After evaporation of the solvent, the residue was chromatographed on silica gel (100 g). With acetone-hexane 

(595 ,  vlv) the first elution yielded 3-isobutyl-l.S-dioxaspiro~5.5~undecane-2,4-dione (16: 208 mg, 11%): mp 

1161 18 "C (from benzenelhexane); 'H  nmr (CDCI3) h 0.%(6H, d,  J=6.2 Hz, C H ~ X ~ ) ,  1.2-2.2(13H, m, C H 2 6  

and CH?CH(CH3)d, 3.46(1H, 1, J=5.3 Hz, 3-CHI. Anal. Calcd for C13H2004: C ,  64.98: H, 8.39. Found: C ,  

65.00: H, 8.21. The next elution afforded 3-1 I-(2-benzoylbenzyl)isobutyl]-1,Sdioxaspiro(5.5)undecane-2,4- 

dione (14: 837 mg, 24%): colorless crystals; mp 117-1 18 "C (from benzenelhexane); ir (KBr) 2966,2951,2927, 

2876, 2841, 177Xester CO), 1745(ester CO), 165qketone CO) cm-1; 1H nmr (CDC13) h 0.77(3H, d, 5 ~ 6 . 6  Hz, 

CH3), 0.96(3H, d, 5=6.6 Hz, CH3). 1.1-2.2(1 IH, m, CHy.5 and CH(CHj)?), 2.3-2.7(1H, m, CHCH(CH3)?), 

2.92(1H, dd, J=10.6 and 13.7 Hz, CHAr), 3.12(1H, dd, b4 .4  and 13.7 Hz, CHAr), 3.71(1H, d,  5=1.8 Hz, 

methanol-d4 exchangeable, 3-CH), 7.2-7.9(9H, m, ArH); I3C nmr (CDCl3) h 21 .08(q, CH3). 21.42(q, C H 4 ,  

21.76, 22.60, 24.20(each 1, 8-, 9.. and 10-C), 29.55(d, isopropyl CH), 34.22(t, CHzAr), 35.97, 36.65(each t, 
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7- and I I-C), 45.73(d. 3-C), 48.53(d, CHi-Pr). 105.52(s, 6-C), 126.10, 128.27, 128.42(2C), 130.36(3C), 

131.16, 133.47(each d, CH,,,), 137.39, 139.13, 139.78(each s, C ,,,, ), 164.92, 167.01(each s, ester COxZ), 

198.73(s, ketone CO). And.  Calcd for C27H3005: C, 74.63; H, 6.96. Found: C, 74.52; H, 7.00. Further 

elution with acetone yielded a polymeric material (I .76 g). 

~-/l-(2-Acetvlhm:vlI~v~Io~entunr-I-vll-2.2-dimerhyl-l.3-dioxune-4,6-dione (20). A solution of 3 (1.06 g, 

7.88 mmol) and cyclopentylidene Meldrum's acid (17: 1.68 g, 8.00 mmol) in acetonitrile (400 ml) was irradiated 

for 13 h under an argon atmosphere using an Ushio 100-W high-pressure mercury lamp with a Pyrex jacket. 

After evaporation of the solvent, the residue was chromatographed on silica gel using acetone-hexane (8:92, vlv) 

as an eluent to y~eld the ketone (U): 755 mg, 28%) as colorless crystals; mp 135-138 "C (from benzenelhexane); 

ir (KBrj 3001, 2949, 1787(ester CO), l74Xester CO), 1677(ketone CO) cm-I; lH nmr (CDCI3) h 1.55(4H, br s, 

CH2.2). 1.72(6H, s, 2-CHv2). 2.0-2.414H. m, CH2x2), 2..56(3H, s, COCH3), 3.19 (ZH, s, ArCH?), 3.28 

(IH, s, 5-CH), 7.1-7.7(4H, m, ArH); I3C nmr (CDCI,) h 23.28(2C, t), 26.81, 28.60 (each q, Z - C H ~ X ~ ) ,  29.74 

(q, COCH,), 35.59(t), 38.32(2C, t), 49.76(s, CCH?Ar), %.02(d, 5-C), 104.00(s, 2 - 0 ,  126.26, 129.03, 

130.70, 133Weach d, CH,,,), 138.45, 139.82(each s, C ,,,, ), 164.13(2C, s, ester COxZ), 202..56(s, ketone 

CO). AM/. Calcd for C20H2405: C, 69.75; H, 7.02. Found: C, 69.71; H, 6.97. 

.5-11-f2-Acrt~lhm:vl~cvclohrxunr-I-vll-2.2-dimerhvl-I..i-dir~xune-4,6-dir~nr 121). A solution of 3 (1.08 g, 

8.02 mmol) and cyclohexylidene Meldrum's acid (18: 1.79 g, 7.99 mmol) in acetonitrile (400 ml) was irradiated 

for 10.5 h under an argon atmosphere using an Ushio 100-W high-pressure mercury lamp with a Pyrex jacket. 

After evaporation of the solvent, the residue was chromatographed on silica gel using acetone-hexane (8:92, vlv) 

as an eluent to afford the ketone (21: 1.26 g, 44%) as colorless crystals: mp 99.100 "C (from benzenelhexane): ir 

(KBr) 3001, 2941, 2916, 2859, 1784(ester CO), 1743(ester CO), 1682(ketone CO) cm-1; 'H nmr (CDCI3) h 

0.9-2.3(16H, rn, including two methyl protons as singlet at 1.74 and 1.79 ppm, CHZ& and CH3x2), 2.57(3H, 

s, COCH3), 3.21(2H, s, CH?Ar), 3.8.5(lH, s, 3-CH), 7.1-7.7(4H, m, ArH); '3C nmr (CDC13)h21.80(2C, t), 

25.26(0, 28.03(q, 2-CH3), 29.10(q, 2-CH3), 30.00(q, COCH3), 33.05, 31.31, 38.40 (each 1). 44.55(s, 

CCHzAr), 49.23(d, 5-C), 104.90(s, 2-C), 126.56, 128.W. 130.36, 133.78(each d, CH ,,,, ), 135.79, 140.73 

(each s, Carom), 164.89(2C, s, ester COx2). 202.72(s, ketone CO). Anal. Calcd for C21H2h05: C. 70.37; H, 

7.31. Found: C, 70.30: H, 7.22. 

Phf~tolv.\r.\ of The Adducts (11.13. und14J. Argon was bubbled into an acetonitrile solution ( IS  ml) of 11, 

13, or 14 (0.15 mmol) in a Pyrex tube for 5 min, and then the solution was irradiated for 10 h through an Ushio 

Pyrex jacket using an Ushio 100-W high-pressure mercury lamp. The reaction mixture was evaporated in vucuo 

and the residue was subjected to preparative tlc using acetone-hexane (28 ,  vlv) as the developing solvent to yield 

a polymeric material. 

I\ohutvl Mrldrum'.$ Acid (12). Conc. H2S04 (0. I ml) was added dropwise to a mixture of acetone (2.3 ml, 31 

mmol), acetic anhydride (3.5 ml, 37 mmol) and isobutylmalonic acid (4.64 g, 23 mmol) prepared by hydrolysis 

of commercially available diethyl isohutylmalonate. The mixture was allowed to stand for 24 hat 0 "C and was 



872 HETEROCYCLES, Vol. 38, No. 4,1994 

then poured into water (10 ml). 'The precipitated crystals were filtered and washed with cold ethanol (10 ml) 

yielding 12  (1.1 1 g, 19%). 

X-l.~ohutv~-6.IO-dioxu.~~iro/4..5Idr~-une-7.Y-dione (15). Conc. H2S04 (0.1 ml) was added dropwise to a mixture 

of cyclopentanone (1.0 ml, 12 mmol), acetic anhydride (1.6 ml, 17 mmol) and isobutylmalonic acid (1.91 g, 12 

mmol). The mixture was allowed to stand for 24 h at 0 "C and was then poured into water ( I 0  ml). The  

precipitated crystals were filtered and recrystallized from methanollwater yielding 15 (1 15 mg, 4%). 

.~-l.vohurvl-1..5-di0xu.~drol.5.5/unde~un~-2.4-dion (161. Treatment of cyclohexanone (1.0 ml, 9.7 mmol) with 

isobutylmalonic acid (I .90 g, 12 mmol) in a manner similar to the above method yielded 16  (717 mg, 31%). 

Thrrnlul Reaction of 1.2-Dihvdrohen~ocv~:I~1hutem1~ with 1,sohutvlidene Meldrum', Acid. A solution of 2a (997 

mg, 5.04 mmol) and 1.2-dihydrobenzocyclobutenol (22: 121 mg, 1.01 mmol) in toluene ( I 0  ml) was refluxed 

for 8.5 h in the dark. The reaction mixture was removed in vucuo, and the residue was chromatographed on silica 

gel (50 g). A mixture (72 mg) of 1.2-dihydrobenzocyclobuten-I-yl 4-methyl-3-pentenoate (26) and 1.2- 

dihydrobenzocyclobuten-I-yl3,4dihydro-3-1sopropyloaphthalene-2-carboxylate (27) was obtained from the first 

elution with I% EtOAc-hexane, whose ratio was measured as 26:27=4.8:1 by IH nmr analysis. The mixture 

was subjected to two repetitions of preparative tlc using benzene-hexane (3:7, vlv) as the developing solvent to 

give 26 and 27. 

26: Yield 3 9  mg (18%); colorless oil: ir (neat) 3069, 2970, 2931, 2932, 2859, 1739(ester CO) cm-1; lH nmr 

(CDCl3) ii 1.-%(3H, s, =CCHI), 1.67(3H, d, J=1.4 Hz, =CCH3), 3.01(2H, br d,  J=7.1 Hz, COCH?), 3.15 

(IH,  dd, J = 2 3  and 14.6 Hz, OCHCH), ?..%(lH, dd, J=4.4 and 14.6 Hz, OCHCH), 5.24(lH, tqq, k 7 . 1 ,  1.4, 

and 1.4 Hz, =CHI, 5.84(1H, dd, .l=2.3 and 4.4 Hz, oCH), 6.9-7.5(4H, m, ArH): '3C nmr (CDCIj) h 17.96, 

25.59ceach q ,  C H I X ~ ) ,  33.M(t, C H K O ) ,  38.85(t, OCHCH?), 71.63 (d, OCH), 115.61(d, =CH), 123.13, 

123.59, 127.46, 129.89(each d, CH,,,,), 135.63(s, C ,,,,, ), 142.66(s, =C), 144.25(s, C ,,,,, ), 172.40(s, CO); 

ms mi: (rel. intensity) 216(M+, 2), 156(13), 147(27), 120(20), 1 19 (21), 104( lo), 103(100), 102(13), 9 l(9), 

77(18), 69(92). Hrms Found: ml: 216.1 136. Calcd for CI4Hl6O2: M, 216.1 151. 

27: Yield 9.2 mg (3%): colorless oil; ir (neat) 3068, 3020, 2961, 2932, 2873, 1705(ester). 1625 cm-1: 'H nmr 

(CDCIj)  h 0.75(3H, d,  J=6.7 Hz, CHI), 0.87(3H, d, J=6.7 Hz, CHI), 1.4-1.9(1H, m, CH(CH3)2), 2.5- 

3.1(3H, m, 3-CH and 4-CH2), 3.32(1H, dd, J=2.3 and 14.6 Hz, OCHCH), 3.70(IH, dd, h4 .5  and 14.6 Hz, 

OCHCH), 6.08(IH, dd, J=2.3 and 4.5 Hz, OCH), 7.0-7.5(8H, m, ArH), 7.59(1H, s, ICH) :  I3C nmr (CDCI3) 

h 19.90, 20.89(each q, CHIX~) ,  30.50(d, isopropyl CH), 37.71(d, 3-C), 39.00, 39.19(each t ,  OCHCH? and 4 

C), 71.78(d, OCH), 123.29, 123.71, 126.55, 127.58, 127.92, 128.26, 129.71, 130.01(each d, CH,,-,,,), 

132.48, 132.82(each s, Cam,,), 136.41(d, CH,,,,,), 136.81, 144.52, 147.22(each s, C ,,,, ), 167.80(s, CO); ms 

m/: (rel. intensity) 3 l8(M+, 7). 275(3), 199(18), 155(21), 129( 10). 128(10), 104(10), 103 (IOO), 102(16), 91 

(9). 77(8). Hrms Found: ml: 318.1615. Calcd for C22H3201: M. 318.1621. 

The elution was changed to 10% EtOAc-hexane and the lint elution recovered 2a (480 mg). On further elution, a 

mixture (172 mg) of 2a. rrun.~-l',2',3',4'-tetrahydro-I'-hydroxy-3'-isopropyl-2,2-dimethylspiro 1.3-dioxane- 
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5.2 ' -naphthalenel-46diane (25), and Meldrum's acid (28) was obtained, whose ratto was measured as 

2a:25:28=0.28:0.41:1 by IH nmr analysis. The spectroscopic data of the cycloadduct (25)3 and the acid (28) 

obtained here were identical with those of authentic samples. 

Thennu1 Rruction of 1.2-Dihvdrohm:ocvclohurenol wirh rrun.\-I',2'..?'.4'-Terruhvdrr~-l'-hvdro.~v-.7'-i~opropvl~ 

2.2-dimerhvl.\~iroll,.3-dioxunr-S.2'-nu~hrhu/rnr/-4,6-di~nr. A solution of 22 (181 mg, 1.51 mmol) and 25  

(165 mg, 0.52 mmol) in toluene ( I 0  ml) was refluxed for 10 h in the dark. The reaction mixture was cooled to 

room temperature and then evaporated in vucuo. The residue was subjected to micro-distillation using a Shibata 

glass-tube-oven apparatus. A distillate below I 0 0  "C under 3.0 Torr (1 Torr=133.322 Pa) afforded 2- 

methylbenzaldehyde (1) in 44% (79 mg) yield on the basis of 22. The next distillate in a range of 160-200 "C 

under 2.8 Torr afforded 27  in 24% (39 mg) yield on the basis of 25, whose spectroscopic data obtained here 

were identical with those obtained from the thermal reaction of 2a and 22. 

Thrrmul Rructinn of 1.2-Dihvdro-l-mdhvlhrn:/1cvcI(~huIrn~~/ with iwhurvlidenr Mrldrum'.> Acid. A solution of 

2a (996 mg, 5.03 mmol) and 1.2-dihydro-I-methylbenzocyclobutenol (23: 134 mg, 1.00 mmol) in toluene (10 

ml) was refluxed for 8.5 h in the dark. The reaction mixture was cooled and evaporated in vucuo. The residue 

was chromatographed on silica gel (50 g). The elution with I% EtOAc-hexane afforded 1.2-dthydro-l- 

methylbenzocyclobuten-I-yl4-methyl-3-pentenoate (29: 159 mg, 69%): colorless oil; ir (neat) 3067. 2971,2930, 

2861, 2833, 173qester CO) cm-I; 'H nmr (CDCI3) D 1.60(3H, d, . /=] . I  Hz, =CCH3), 1.74(3H, d. 5 ~ 1 . 3  Hz, 

=CCH3), 1.82(3H, s, OCCH,), 3.02(2H, br d, J=7.1 Hz, CH?CO), 3.30(IH, d, J=14.6 Hz. OCHCH), 3.45 

i l H ,  d,  J=14.6 Hr, OCHCH), 5.30(IH, tqq, ./=7.l, 1.3, and 1.1 Hz, =CH), 7.0-7.5(4H, m, ArH); "C nmr 

(CDCId  h 17.97(q, =CCH3), 22.75(q, COOC(CH3)CH2), 25.64(q, =CCH3), 34.19, 45.47 (each I, COCH: 

and COOC(CH3)CHz), 82.88(s, COOC(CH3)CHz). 115.96(d, =CHI, 123.48, 123.64, 127.32, 129.71(each d, 

CH,,,,,,,), 135.33(s, C ,,,., 1, 141.34(s, =C). 147.64(s, C ,,,,, ), 171.W(s, CO); ms tn/; (rel. intensity) 230(Mt. 

21, 149i6). 117(100). 116(31), 115(44), 91(6). Hrms Found: 1n1: 230.1271. Calcd for C l s H 1 ~ 0 2 :  M ,  

210.1307. Further elution wtth 5% EtOAc-hexane recovered 2a (374 mg). 

Thermul Reucrion of I-Phmvl-1.2-dihvdrohrnc~~cyclohu~enol wirh I~ohuryl idmr Meldrum'.\ Acid. A solution of 

2a (1.00 g. 5.05 mmol) and 1,2-dihydro1phenylbenzocyclobutenol (24: 198 mg, 1.01 mmol) in toluene (10 

ml) was refluxed for 8 .5  h in the dark. The rraction mixture was cooled and evaporated in vucuo. The residue 

was chromatographed on silica gel (.% g). The elut~on wtth I% EtOAc-hexane afforded a mixture of 1.2- 

dihydrol-phenylbenzocyclobutenIyl 4-methyl-3-pentenoate (30) and 4 (94 mg, 30:4=76:24). The mixture 

was further subjected to three repetitions of preparative tlc usmg 5% EtOAc-hexane as a developing solvent to 

give pure 30  (46 mg, 16%) and a mixture of 30 and 4 (31 mg, 30:4=1:1). 

30: Colorless oil; ir (neat) 3062, 3030, 2970, 2931, 2858, 1742(ester CO), 1601 cm-I; 'H nmr (CDC13) D 

1.58(3H, s, CH3), 1.71(1H, d, J=1.4 Hz, CH3), 3.04(2H, br d, 7.1 Hz, CH:CO), 3.52(1H, d,  k 1 4 . 1  Hz, 

COOCCH), 3.80(IH, d, J=14.1 Hz, COOCCH), 5.26(1H, dqq, J=7.1, 1.4, and 1.7 Hz, =CHI, 7.0-7.6(9H, 

m, ArH); I3C nmr (CDC13) D 17.97, 25.60ieach q, CH3). 34.03, 47.02(each t, COCH2 and COOCPhCH?), 
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85.23(s, COOCPhCH?), 115.66(d, =CH), 123.64, 125.84, 126.14(2C), 127.55, 127.66, 128.12(2C), 130.12 

(each d, CH,,,). 135..%(s, C,,,), 141.07(s, =C). 142.17, 145.10(each s, C,,,), 171.38(s, CO); ms ml: 

(rel. intensity) 292(M+, 1 1 ), 223(66), l96(4l), 195(98), 180(17), 179(100), 178(38), 16x9). 152(8), 105(7), 

77(10), 69(61). Hrms Found: ml: 292.1444. Calcd for C20H2&: M, 292.1464. Further Za (321 mg) was 

recovered from the elution with 5% EtOAc-hexane. 

Meusurrments o f  Ouunfum Yield for t'horouddirion Reucrion of 2-Merhvlhm:oohe~~one und l.~ohurvlidene 

Meldrum's Acid. An Ushio 450-W high-pressure mercury lamp with a combination o f  a Corning 7-37 glass 

filter and CuSO~solution and with a combination of aToshiba UV-D33S glass filter and a KzCQ solution was 

used as a monochromatic 365 nm irradiation source and a monochromatic 3 13 om irradiation source, respectively. 

An Ushio 450-W high-pressure mercury lamp with a combination o f  K2Cr04 solution and a Pyrex glass filter 

was used as a 3 13 nm-visible irradiation source. Light intensities for the monochromatic 365 nm and the 313 nm 

irradiation sources were determined by potassium tris(oxalatejferrate(111) actinometry.'" Light intensity for the 

313 nm irradiation source in the 313 nm-visible light was determined by stilbene actinometry.'5b An equimolar 

solution (0.02 mol I-'. 10 ml) of 4 and 2a in solvent was purged for 5 min with argon and then irradiated using 

the above irradiation source by a merry-go-round method employing a Riko Rotary Photochemical Reactor 

apparatus. The photolyses were performed at a conversion o f  less than 20% of Za and 4. The reaction mixture 

was evaporated in vucuo, and then a photolysate was analyzed by ' H  nmr based on a known amount o f  dimethyl 

malonate. The data are described in Table I. 

Elccrrochemicul Meu.suremenr.s. Cyclic voltammetry was performed at room temperature with a BAS CV-.MW 

voltammetry analyzer. The working and counter electrodes were an Au  disk and a Pt wire, respectively. An 

Ag/Ag+ reference electrode was used. The sample solution o f  the acylals (cu. 0.1 mol I - ' )  containing 

tetrabutylammonium perchlorate (0.1 mol I - ' )  in acetonitrile was deoxygenated with astream of  nitrogen and then 

cyclic voltammograms were recorded at a scan rate of 100 mV/s 
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