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Photochemistry of Substituted 4,4-Dimethoxy-2,5-Cyclohexadienones 
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4,4-Dimelhoxy-2,5-cyclohexadienones 9-14 were prepared from the corresponding hydroquinone 
monomethyl ethers by oxidation with tbaflium trinitrate in methanol. Irradiation of solutions of 9-13 in 
metllano1 with a broad band of I N  light centered at 350 rim in a Kayonet reactor afforded 2-cycIopentenone 
derivatives 15-19 in moderate to excellent yields, whereas irradiation of 14 in methanol gave phenol 8 along 
with other unidentified products. Irradiation of 11-14 in benzene yielded substituted phenols. The plausible 
reaction pathways for the product formation are discussed. 

INTRODUCTION 

The photochemistry of 2,5-cyclohexadicnones has 
been extensively investigat~d-~ since the discovery of the 
interesting transfonnation of a-santonin into Lumisaionin 
and the related secondary products [Eq ( l)].4 Depending on 
thc nature ofsubsdtuenis and thereaction conditions such as 
solvenls and irradiation period, many 2,5-cyclohexadi- 
enones upon irradiation nay  yield hicyclol3.1 .O]hexenones 
or solvolytic products or other secondary photochemical 
products. In conuast to vast numbcf of examples of other 
4,4-disubslituted 2,5-cyclohexadieno1ies, the photochemis- 
try of masked p-benzoquinones, ix., 4,4-dialkoxy-2,5-cy- 
clohexadienoncs is little known; only four have 
appeared prior to ours.' When the parent 4,4-dimethoxy- 
2,5-~ycfohexadienone was irradiated in terl-butrtnol or bcn- 
zene, ii mixture of 4- and 5-carbonylmethoxy-2-cyclopen- 
tenones were obtained in low yields.' 2,6-Di-tert-butyl-4,4- 
dimethoxy-2,5-cyclohexadienone afforded truns-2,5-di- 
rert-butyl-4-carbonylm~~oxy-2-cyclopenteno~e in 60% 
yield in benzcne. In contrast, 2,5-di-tert-butyl-4,4-di- 
rnethoxy-2,5 -cyclohexadienone gave no carbonylrnethoxy- 
2-cycfopentenone. Instead, it produced 2,4-di-lert-butyi- 
4S-diinethoxy -2,s -cy clohexadienone (28 YO) and 2,4-di- 
tert-butylcyctoperitadienonc (38%); the latler dimerized on 
sa t l ing  at room temperature for 15 h.' A fcw examples of 
p-benzoquinone ethyene glycol rnonoketds were found to 
give 5-(carbonyl-2-hydroxycthoxy)-2-cyclopentenon~s in 
good yields when irradiated in glacial acetic We 
have been studying the chemistxy, including the Dicls-Alder 
reactions" and the photochemical reaclions" of masked 0- 
benzoquinvncs and their syiithelic applications.I2 Our inter- 
ests extend atso to masked p-benzoquinones and other re- 
lated systems. l 3  We report here the photocliemical reactions 

of various 4,4-dimethoxy-2,5-cyclohexadienones in metha- 
nol and in benzene in order to unravel the effect of the di- 
melhoxy groups at C-4 as compared to other substitutents, 
the effect of alkyl groups at different positions, and the sol- 
vent effect on the reaction  pathway^.^ 

a-smtonin ' lurnisatonin 

RESULTS AND DISCUSSION 

Syntheses of 4,4-Dimethoxy-2,5-cyclohexadienon~ 9-14 
4-Methoxyphenol (1) and 4-benzyloxphenol (2) were 

used as starting materials to prepare substituted 4- 
methoxyphenols 3-6 and 7-8 as shown in Eqs (2) and (3), re- 
spectively. These subsiituents were chosen because these 
compounds are easily prepared; the synthetic procedures 
were rather standard and routine. The conversions of 3-8 
into the corresponding 4,4-dimcthoxy-2,S-cyclohexadi- 
enones 9-14 were achieved by oxidation with thallium uini- 
trate (TTN)I4 in excellent yields [Eq (411. The assignments 
of the structures of 9-14 were based on their synthetic strate- 
gies and spectra. The pertinent infrared, 'H and "C NMR 
speckaf data of 2,5-cyclohexadienone moieties are given in 
Table 1. 

The Results of the Photochemical Reactions of 9-14 
Dilutc solutions of 9-14 in methanol were irradiated 

with fluorescent lamps (350 nm) in a Kayonet reactor. A 
uranium-glass filter was used to minimize the secondary 
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OH OH 

k H 3  

3-6 

For 3 [Rz = CH,CH=CH,, R6 = HI: 
(1) 1, CH2=CHCH2Br, KzCO3,2-butanone, reflux 
(2) 185 "C 

(1) 3, C,H5CH2Br, K2C03- Zbutanone, reflux 
For 4 [RZ = CH,CH(OCH,),, R6 = HI: 

(2) 03, CH30H-CH2Cl2, -78 "C; (CH3)2S 
(3) (HOCH,),, PTSA, C&, MUX 
(4)  4, PdlC 

For 5 [R* = Pr, R6 = HI: 

For 6 [R2 = R6 = Prl: 
(1) 3, Hz, PdC, EtOAC 

(1) 3, CHl=CHCH2Br, KxCO,. 2-butanone. reflux 
(2) 185 OC 
(3) Ht, Pdlc 

O C H ~ C ~ H S  

c) OH 
= J $  R3 OCH3 RS 

7-8 2 

For 7 [R' = Pr, R5 = HI: 
( I )  2. CH,=CHCH,Br. K2CO3, 2-butanone, reflux 
(2) 185 'C 
(3) (CH3J2SO4, K2C03. 2-butanone, reflux 
(4) H,, P d C  

For 8 [R3 a R5 = Pr]: 
(1) 2. CH2=CHCH23r, KzC03, 2-butanone, reflux 
(2) 185 'C 
(3) CH2=CHCH2Br, K2C03, 2-butanone, reflux 
(4) 185 'C 
(5) (CH3)2S04, K2C0,, 2-butanone, reflux 
(6) H2, PdlC , 

0 

3-8 - "'fJR6 R3 R5 

CH30 OCH, 

photochemical reactions. The irradiated mixtures were 
quite complex as indicated by thin layer chromatography 
(TLC). The major products of moderate to excellent yields 
(Table 2) were isolated and purified by chromatographic 
methods. Masked p-benzoquinones, 4,4-dimetboxy-2,5-cy- 
clohexadienones 9-11 and 13 produced 5-carbonylmethoxy- 
2-cyclopenetones 15-18, respectively, and 12 afforded 4- 
carbonylmethoxy-2-cyclopenteone 19. In contrast, 14 fur- 
nished no 2-cyclopentenone derivative but gave 4- 
methoxyphenol8 in 23 % yield instead. For comparison, the 
photochemical reactions of 11-14 were also carried out in 
benzene. Again, the irradiated mixtures were very compli- 
cated. Only phenolic products were isolated: 11 yielded 20, 
21 and 22; 12 afforded 23; 13 and 14 furnished 7 and 8, re- 
spectively (Table 2). The assignments of the structures of 
the photochemical products were based on their spectral 
data; some of the pertinent infrared 'H and I3C NMR spec- 
tral data of 2-cyclopentenones are listed in Table 3. The 
structure of 19 is identical with that of the major product de- 
rived from irradiation of 6,6-dimetboxy-2,5-dipropyl-2,4- 
cyclohexadienone, a masked o-benzoquinone, in rnetha- 
nol;]' the assignment of the stereochemistry was based on 
the assumption that lrans-isomer is more stable and is gen- 

It is interesting to note that, for the unsymmetrical 
masked p-benzoquigones 9-11 and 13, the respective pho- 
torearrangements to 5-methoxycarbonyl-2-cyclopetenones 
15-18 are of such high chemoselectivity that the more sub- 
stituted alkene moieties remain. In contrast to our findings, 
the photochemical reactions of mono(ethy1ene glycol) 
ketals of p-benzoqutnones in glacial acetic acid were re- 
ported to afford 4-methoxycarbonyl-2-cyclopentenones 
possessing fewer substituents on the alkene ~noieties.'.~ 

(2) 

(3) erally formed preferentially.' 

Photochemical Reaction Pathways 
The photorearrangements of 4,4-disubstituted 2,5-cy- 

clohexadienones have been extensively studied; the Zim- 
merman-Schuster mechanism'' is generally accepted for 
these transformations. We did not investigate the mecha- 
nisnis for the photochemical reactions of 9-14 in this work; 
however, the reactions may be rationalized in terms of the 
Zimmerman-Schuster mechanism. Accordingly the n,n* 
triplet states of 9-13 are presumably involved in methanol, 
followed by formation of bond between carbon atoms C(3)  
and C(5) and electron-remotion to generate zwitterions I. In 
principle, zwitterions I may undergo [ 1,4]-sigmatropic rear- 
rangements (modes A and B) to form bicyclo[3.1.0]- 
hexenones (IIA and IIB, respectively) or bond cledvage 
(modes A' and B') to yield zwitterions IIIA and IlIB (see 
Scheme I). However, retroanalysis of h e  formation ofprod- 

(4) 
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Table 1. The Yields and the Pertinent Spectral Data of 2,5-Cyclohexadienones 9-14 

Dienone Yield IR (v)/cm-') I N  NMR (6/ppm) "C NMR (i3ppn-t) 

9 6.20 (d. J =  10.3 Hz, IH), 6.51 (d, J =  3.0 92.9 (C), 129.9 (CH), 138.5 (CH), 
Hz, lH), 6.75 (dd, J =  10.3, 3.0 Hz, 1H) 139.0 (C), 142.8 (CH), 184.9 (C) 

10 6.14 (d, J =  10.2 Hz, 1H). 6.64 (d, J =  3.0 92.6 (C). 129.6 (CB), 134.9 (C), 
Hz, lH), 6.69 ( d d , J =  10.2, 3.0Hz. 1H) 141.0 (CH), 142.7(CH), 184.5 (C) 

13 94% 1681, 1651, 1629 6.10(d,J=10.3Hz, 1H),6.41 (d , J=3 .6  92.8 (C), 129.9 (CH), 137.8 (CH), 
Hz, lH), 6.65 (dd, J =  10.3,3.6 112, 1H) 140.2 (C), 142.4 (CH), 185.0 (C) 

12 98% 1679,1018,1610 6.47 (s, 2H) 93.1 (C), 137.4 (CH x 2) .  140.9 
(C x 2), 185.6 (C) 

144.0 (CH), 159.0 (C), 185.2 (C) 

(C x 2), 185.2 (C) 

88% 1681, 1650, 1629 

94% 1682, 1650, 1629 

13 99% 1681,1644,1621 6 .19(d ,J=2 .1N~, lH) ,6 .36(dd ,J=10.3 ,  95.6(C).128.0(C€I),132.1(CH). 
2.1 Hz, IH), 6.71 (d, J =  10.3Hz, 1H) 

14 9770 1680,1635,1621 6.27 (s, 2H) 98.5 (C). 129.6 (CH x 21, 159.0 

ucts 15-18 clearly indicates that, among the aforementioned 
four possibilities, the [1,4]-sigmakopic rearrangements of 1 
to IIA followed by opening of the cyclopropane ring in IIA 
via pathway a seems most likely. This reaction pathway 
may also bc responsible for the formation of 19 from 12; 
however, an alternative pathway via I and XIIA, though less 
likely, cannot he ruled out. 

Scheme I Irradiation of Y-14 in methanol 

9.14 1 

/;H pathway e /:La" 

19 IS : R' = CH1CH=CH2. R3 = H 
16 : R' zz CHICH(OEHz),. R'= H 
17: R'- Pr,R'= H 
16:  R~ =H. R>= R 

As described abovc, the unsymmetrical maskedp-ben- 
zoquinones 9-11 and 13 underwent photorearragemenis to 
2-cyclopetenones 15-18 in a highly chemoselective manncr. 
In contrast to our findings, the photochemical reactions of 
mono(ethy1ene glycol) ketals of p-benzoquinones in glacial 

acetic acid yielded 4-carbonylmethoxy-2-cyclopentenones 
possessing fewer substituents on the alkene moieties."* In 
the latter cases, in acetic acid media the protonated intenne- 
diates V were proposed to undergo cleavage of bond h of the 
cyclopropane ring in V preferentially'.' (see Scheme 11); the 
reason for the preference of cleavage of b bond to a bond 
was not given. It is interesting to note that the intermediates 
I and V (see Schemes I and 11, respectively) show distinct 
types of reactions and chemoselectivities. The positive 
charge of protonated intermediate V and the high solvating 
power of acetic acid arc presumably the main factors that fa- 
cilitate the ring-opening of cyclopropane in V, whereas in 
the present study the neutral species I, although zwitterionic 
in nature, does not proceed with a similar ring-opening reac- 
tion but instead undergoes a [ 1,4]-sigmatropic reanange- 
ment. 

There are two possible [1,4]-sigrnatropic rearrange- 
ments, pathways IIA and IIB, for I when i t  is unsymmetri- 
cal, however pathway IIA is predominant. This preference 
may be due to both electronic and steric effects. The double 
bond in IIA is more substituted than lhat in IIR, and the cy- 

Table 2. The Yields of Photoproducts of 9-14 in Methanol and 
Benzene 

~~ ~ 

Dienone Solvent Photoproduct (Yield) 

9 
10 
I 1  
12 
13 
I4 
11 
12 
13 
14 

15 (46%) 
16 (53%) 
17 (50%) 
18 (51%) 
19 (99%) 
8 (23%) 

20 (51%). 21 (22%), 22 (3%) 
23 (34%) 
7 (2-70) 
S(12%1 
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Table 3. The Pertinent Spectral Data of 2-Cyclopentenones 15-19 

Enone IR (vlcrn~l) 'H NMR (6lppm) '3C NMR (6lppm) 

15 1745, 1621 7.22 (m, 1H) 142.9 (C), 157.9 (CH), 201.7 (C); 169.4 (C) 
16 1740,1710, 1632 7.38 (m, 1H) 144.8 (C). 157.1 (CtI), 202.7 (C); 169.7 (C) 
17 1740,1710, I638 7.44 (m, 1H) 138.8 (C), 159.8 (CH), 201.7 (C); 169.2 ( C )  
18 1739,1710, 1619 5.86 (br s, IH) 127.3 (CH), 183.0 (C), 202.7 (C); 169.4 (C) 
1 Y  146.4 (C), 151.5 (CH). 209.1 ( C ) :  172.3 (C) 1741, 1718, 1635 7.08 (br s. 1H) 

Scheme I1 Photochemical reactions of monoethylene 
glycol ketals of p-benzoquinones 

!? PH OH 
clcsvngc of 

hu 

R R 'Q0 CHlCOOH - R 

u U 
V -U- 

t 
OH 

t 
0 

clopropane ring in IIA is less substituted than that in IIB. 
thus both the hyperconjugative and steric effects favor the 
production of IIA. Examples for the chemoselective [1,4]- 
sigmatropic photorearrangemenrs of unsymmetrical 4,4- 
disubslituted 2,5-cyclohexadienones to lumiketones are 
known.8a9.16.1? For inslance, 3,4,4-trimethyl-2,5-cyclo- 
hexadienone, upon irradiation in metkmol, resulted in the 
migration of the more substituted bond to afford 4,6,6- 
trimethylbicyclo[3.1 .O]he~enone.'~ 

Lumiketone IIA, having a cyclopropane ring with two 
electron-donating methoxy groups on one carbon and a 
fused cyclopentenone moiety on the other two carbons, is 
anticipated to undergo facile ring opening. There are in 
principle two possible pathways by which the ring can be 
opened, i.e. cleavage of the a or p bond leading lo 4- or S -  
carbonylmethoxy-2-cyclopentenonc, respcctively. It is in- 
teresting to note that pathway a prevails, when R6 = Id, to 
give 5-carbonylmethoxy-2-cyclopcntenones 15-1 8, whereas 
pathway p becomes predominant, when K6 = Pr, to yield 4- 
carbonylmethoxy-2-cyclopentenones 19. Similar results 
were obwined when masked o-benzoquinones were irradi- 
alcd in methanol through intermediate bicyclo[3.1.0]- 
hexenones like IIA." 

When masked p-benzoquinoncs 11-14 were irradiated 

in benzene, the product mixlures were ratber complex. The 
plausible mcchanisms for rhe formation of the isolated phe- 
nolic products are depicted in Scheme HI. For 11 and 12, 
having It3 = It5 = H, the [ I  ,4]-sigmatropic rearrangements 
prevailed. Masked p-benzoquinone 12 is symmetrical 
structurally. However, for the unsymmetrical 11, the selec- 
tivity of the migratory aptitude is not so profound as that in 
methanol (cleavage of a bond of intermediate I being prefer- 
ential as shown in Scheme I) and provided both IIA and IJB, 
which presumably are thermally quite stable in benzene but 
yielded, upon further photolysis, 20 and 21, and 22, respec- 
tively (Scheme 111). In the case of masked p-benzoquinones 
13 and 14, due to steric hindrance, the propyl groups at the 

Scheme 111 Irradiation of 11-14 in benzene 

IIB IIA 

lR6 = H  



Photochemisuy of Cyclohexadienones J. Chin. Chem. Soc., Vol. 45, No. 1, 1998 5 

C(3) and C(5) positions decrease h e  honding tendency he- 
tween these two carbon atoms to form lumikctones that ren- 
der the homolytic cleavage of the C-0 bond at C(4) to give 
phenolic compounds 7 and 8, respectively. For 14, even in 
methanol, no 2-cyclopentenone derived from lumiketone 
was obtained; phenol 8 was isolated from a complex mix- 
ture of unidentified products. 

CONCLUSION 

Masked p-benzoquinoncs proceed chemoselective 
[1,4]-sigmatropk photorearrangements in methanol to lu- 
miketones which undergo rinz opening of fused dimcthoxy- 
cyclopropanes to afford 4- or 5-carbonylmethoxy-2-cy- 
clopentenones in moderate yields. This methodology pro- 
vides a short and convenient entry to 2-cyclopcntcnoncs 
from easily available hydroquinone monomethyl ethers. 
1 he photolysis in benzene, although furnishing complex 
mixtures of no synthetic usefulness, give mechanistic infor- 
mation about the solvent cffcct on the reactivities of substi- 
tuted masked p-benzoquinones as compared with those in 
methanol. 

EXPERIMENTAL SECTION 

General Remarks 
Melting points were determincd on a Biichi-512 appa- 

ratus and are uncorrected. fnfrarcd (IR) spcctra wcrc ob- 
tained 011 a Perkin-Elmer 781 IK spectrophotometer as films 
on NaCI disks for liquid or KBr peilefs for solid. Uiuaviolet 
(UV) absorption spectra were acquired by a Perkin-Elmer 
Larnbda-5 spectrophotometer using spectral-grade elhano1 
(95%) is solvent. Most 'H and 13C spectra were recorded on 
Hruker A M 4 0 0  and AM-300 (400 and 300 MHz fix 'H and 
I00 and 75.4 MHz For I3C) spectrometers in CDC13 with 
tetramerhylsilane (6 0.00) as an internal standard. Some 
were recorded on a Varian EM-390 spectrometer. Chemical 
shifts (6) are given in ppm, and coupling constants (.I) are re- 
ported i n  Hz; multiplicities are indicated by s (singlet), d 
(doublet), t (triplet), q (quartet), m (multiplel), and br 
(broad). Low-resolution mass spectra (MS) and High-reso- 
lution mass spectra (HRMS) were determined on a JEOL 
JMS-D-100 spectrometer and a JEOL-HX-100 spectrome- 
ter, respectively. Elemcniat analyses were performed on a 
Perkin-Elmer 24OC spectrometer or Heracus CHN-O- 
RAPID spectrometer in the Tainan Instrumentation Centcr, 
National Science Council. Ordinary gravity column chro- 
matography and flash column chromatography were exe- 

cuted on silicagel (E. Merck Art. 7734 Kieselgel60,70-230 
mesh and E. Merck Art. 9385 Kieselgel60, 230-400 mesh, 
respective1 y) . Preparative thin - I ayer chromatography was 
carried out on silica gel (E. Merck 254 Kieselgel). Solvents 
as eluents were of' industrial grade and purified by means of 
simple distillation. 2-Butanone was distilled from anby- 
drous potassium carbonate. Anhydrous methanol was ob- 
tained lrom distillation over magnesium. Acetonitril!: was 
distilled from anhydrous calcium carbonate. A11 reactions 
wcrc performed under an atmosphere ol'dry nitrogen unless 
specified. 

1 -Allyloxy-4-methoxybenzene 
To a magnetically stirred solution of 4-methoxyphenol 

(12.44 g), ally1 bromide (15.2 mL) and KzC03 (24.88 g) in 
anhydrous 2-butanone (12.5 mL) wcre refluxed for 12 h until 
the reaction was completed as indicated by TLC analysis. 
The reaction mixture was allowed to cool and was filtered to 
remove salts which were then washed with ether. The or- 
ganic phase was washed with saturated ammonium chloride 
solution (SO mL x 2) and brine, dried over magnesium sul- 
fate, and concentrated in vacuo to give a pale yellow oil, 1 - 
allyloxy-4-methoxybenzene ( 16.42 g, 100%): IR (neat) 
3090, 3050, 3001, 1650, 1595, 1510, 1470. 1290, 1230, 
1188, 1 1  15, 1048, 1008,915,830,765, 728 cm-I; 'H NMR 

5.16-5.44 (m, lII), 6,77 (s, 4H); I3C NMK (CDCI3, 100 Hz) 

117.3 (CH?), 133.6 (CH), 152.7 (C), 153.8 (C); MS (75 eV) 
t d z  164 (M*, 27), 123 (loo), 95 ( lS) ,  41 (16). 

(CDC1~,9OMH~)63.73(~,3W),4.45(brd,J=6.3H~,2H), 

6 56.6 (CH?), 69.4 (CHZ), 114.5 (CN x 2), 115.5 (CH X 2>, 

2-AlIyl-$-methoxyphenol (3) 
l-hllyloxy-4-methoxybenzene (16.42 g) placed in a 

round-botlomed flask equipped with a condenser was 
heated at 185 "C with stirring for 12 h until thc complcte dis- 
appearance of the starting material was indicated by ILC 
analysis. The rcd-brownish crude product was allowed to 
cool to room temperature. It  was purified by column chro- 
matography on silica gel (ethyl acetate : hexane = 1 : 5 )  and 
lhen distilled in V ~ C U O  (109 "C/O34 torr) to give ;L colorless 
liquid 3 (14.02 g, 85%): IR (neat) 3418 (br), 3080, 3007, 
1640, 1617, 1509, 1433, 1348, 1210, 1155, 1100, 1040, 
1000,920,870, 812 cm-I; 'H NMR (CDCls, 400 MIiz) 6 
3.37(d,J=6.2Hz,2H),3.74(~,3H),5.10-5.15 (m,2H), 
5.22 (s, lH) ,  5.96-6.02 (m, IH), 6.64-6.74 (m, 3H); I3C 
NMR (CDC13, 100 MHz) 6 35.0 (CHz), 55.7 (CIls), 112.5 
(CH), 115.9 (CH), 116.3 (CI-h), 116.3, (CH), 126.7 (C), 
136.1 (CH), 147.9 (C), 153.5 (C); MS (75 eV) ndz 164 (M+, 
loo), 149 (73), 121 (20), 107 (141, 103 (15), 91 (25), 77 
(36),65 (14),S5 (17), 5 1  (15),43 (21), 39(23),27 (12). 
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2-Allyl-1-benzyloxy-4-methoxybenzene 
A magnetically stirred mixture of 3 (5.53 g), benzyl 

bromide (3.90 mL) and KzC03 (8.30 g) in anhydrous 2-bu- 
tanone (50 mL) was refluxed for 32 h until the complete dis- 
appearance of 3 was indicated by TLC analysis. The reac- 
tion mixture was allowed to cool and was filtered to remove 
salts which were then washcd with ether (50 mL), The com- 
bined liltrate was washed with saturated ammonium chlo- 
ride solution (SO mL x 2) and brine, dried, and concentrated 
in vacuo to give a pale yellowish oil, 2-allyl- l-henzyloxy-4- 
melhoxybenzenc (8.44 g, 99%): IR (neat) 3037,3035,3000, 
1639, 1610, 1591, 1503, 1460, 1468, 1436, 1384, 1283, 
1230,1162,1050,1030,1002,918,860,806,742,702 cm-'; 

(s, 3H), 5.02 (s, 2H), 5.04-5.10 (m, ZH), 5.59-6.06 (m, IH), 

(d, J = 8.8 Hz, IH), 7.29-7.43 (m, 5H); "C NMR (CDC4, 

'H NMK (CDC13,40OMHz) 6 3.43 (d, J =  6.6 Hz, 2H), 3.75 

6.69(dd,J=8.8,3.0H~, lH),6.76(d,J=3.0Hz, lH),6.84 

100 Hz) 8 33.4 (CHz), 55.6 (CH3), 70.9 (CHZ), I 11.4 (CH), 
113.1 (CH), 115.7 (CHZ), 116.1 (CH), 127.2 (CH, X 2), 
127.7 (CH), 128.4 (CH, x Z), 130.5 (C) ,  136.7 (CH), 137.6 
(C), 150.6 (C) ,  153.8 (C); MS (12 aV) d z  254 (M', 1001, 
164 (211, 163 (69),92 (16),91 (32). 

Z-(Z-Benzy toxy -5-rnethoxy pheny1)acetaldeh y de 
Ozone was passed through a cooled (-78 "C) solution 

of 2-al1yl-1-bcnzyloxy-4-methoxybenzene (2.27 g) and 
methanol (2 mL) in methylene chloride (30 mL) for 12 min 
until the disappearance of the starting material. Excess di- 
mcthylsulfide was added, and the solution was allowed to 
w a r m  up to room temperature and was stirred for another 4 
h. Water was then added, and the resulting mixture was ex- 
tracted with ether (20 mL x 3). The combined organic phase 
was washed with brine, dried, and stripped of solvent. The 
residue was chromatographed (ethyl acetate : hexane = I : 
15 as eluent) to give 2-(2-henzyloxy-5-methoxyphenyl)ac- 
etaldehyde (1.82 g, 71%): IK (neat) 3060,3030,3000,2712, 
1722, 1608, 1590, 1498, 1452, 1430, 1381, 1320, 1278, 
1222, 1160, 1121, 1047,851,809,740,699 cm-'; 'H NMR 

4.92 (s, 2H), 6.62-6.68 (m, 2H), 6.82 (d, J =  8.8 Hz, lH), 
7.22-7.36 (m, 5H), 9.62 (t, J = 1.9 Hz, In); I3C NMK 

113.O(CH), 113.1 (CH), 117,4(CH), 122.9(C), 127.2(CH, 
x 2). 127.9 (CI-I), 128.6 (CH, x 2), 137.0 (C), 150.9 (C), 
153.9 (C), 199.8 ( C ) ;  MS (75 eV) r d z  256 (M', loo), 165 
(24), 137 (28), 91 (7),75 (10). 

(CDC13,400 MHz) 8 3.59 (d, J =  1.9 Hz, 2H), 3.65 (s, 3H), 

(CDCI-J, 100 Hz) F 45.6 (CH,), 55.7 (CHj), 70.8 (CHz), 

2-(2-Henzyloxy-5-methoxy benzyl)-l,3-dioxolane 
A solution of 2-(2-benzyloxy-5-melhoxyphenyl)acet- 

aldehyde (10.5 g), p-toluenesulfonic acid (0.80 g) and ethyl- 

ene glycol (2.5 mL) in benzene (100 mL) was refluxed with 
a Dean-Stark trap overnight. Water (50 mL) and ether (40 
mL) were added to the cooled reaction mixture. Tbe phases 
were separated, and the aqueous layer was extracted with 
ether (25 mL x 3). The combined organic solution was 
washed with brine, dried, and stripped of solvent. The resi- 
due was chromatographed (ethyl acetate : hexane = 1 : 10) to 
give 2-(2-benzyloxy-5-methoxybenzyl)- I ,3-dioxolane 
(1  1.95 g, 9770): IR (neat) 3058, 3022, 1606, 1590, 1496, 
1450, 1427, 1379, 1285, 1130, 1215, 1040,946,835,804, 
740,696 cm-'; 'H NMR (CDC13,400 MBz) 6 2.96 (d, J =  5.1 
Hz, 2H), 3.69 (s, 3H), 3.75-3.78 (m, 2H), 3.89-3.93 (m, 2H), 
4.96 (s, 2H), 5.09 (t. J = 5.1 Hz), 6.64 (dd, J = 8.9, 3.1 Hz, 
lH), 6.76 (d, . I =  8.9 Hz, lH), 6.80 (d, J =  3.1 Hz, lH), 7.28- 
7.36 (m, 5H); I3C NMR (CDC13, 100 Hz) 6 35.3 (CHA 55.6 

113.1 (CH), 117.4 (CH), 126.5 (C), 127.1 (CH, x 2), 127.7 
(CH), 128.5 (CH, x Z), 137.5 (C), 150.9 (C), 153.6 (C); MS 
(75 eV)m/z300(M', 16), 165 (3), 137(6),91 (25),73 (IOO), 
45 (1 1). 

(CH*), 64.8 (CH,), 70.8 (CI-L), 103.7 (CH), 112.1 (CH), 

2-(1,3-Dioxolan-2-ylrnethyl)-4-methoxyphenol (4) 
A solution of 2-(2-benzyloxy-5-methoxybcnzyl)- 1,3- 

dioxolane (1 I .33 g) in ethyl acetate (35 mL) was hydrogen- 
ated over Pd/C (lo%, 1.2 g )  at room temperature under Ha 
atmosphere (about 1 atm) for 6 h until no more Ha was con- 
sumed. The catalyst was removed by filtration. The filtrate 
was stripped of solvent, and the residue was chromatogra- 
phed (ethyl acetate : hexane = 1 : 15) to give 4 (6.99 g, 88%): 
IR (neak) 3396 (hr), 3005, 1601, 1490, 1435, 1389, 1359, 
1277, 1235, 1140, 1105, 1035,941,839,815,768 cm-'; 'H 

311), 3.86-3.96 (in, 4H), 4.20 (s, IH), 5.10 (t, J =  3.9 Hz), 
6.64 (d, J =  3.0 Hz, IH), 6.69 (dd, J =  8.8, 3.0 Hz, IH), 6.84 
(d, J = 8.8 Hz, lH),; I3C NMK (CDC13, 100 Hz) 6 36.7 
(CHz), 55.7 (Ch3), 65.3 (Cllz), 104.7 (CH), 113.8 (CH), 

NMK (CDCl3,4QO MI-Iz) 6 2.99 (d, J =  3.9 I h ,  2H), 3.73 (s, 

I17.5 (CHI, 118.1 (CH), 123.1 (C), 149.4 (C), 153.4 (C); 
MS (12 eV) dz 210 (M', 7 3 ,  176 (14), 87 (16). 91 (25),73 
(100). 

4-Methoxy-2-pmpylphenol (5) 
A solution of 3 (14.00 g) in ethyl acetate (50 mL) was 

hydrogenated over Pd/C ( 1  0% I .4 g) at room temperature 
under Hz atmosphere (about lam) until no more 1-12 was cnn- 
sumed. The catalyst was rcmoved by filtration, and the sol- 
vent was stripped off. Purification by distillation of the pale 
yellow residue provided 5 (12.97 g,  94%) as a colorless oil: 
IR (neat) 3410 (br), 3038, 3005, 1615, 1510, 1345, 1290, 
1208, 1180, 1155, 1120, 1075, 1040,940,858,815,725 
cm-l. 1 , H NMR (CDCI,, 400 MHt) 6 0.96 (t, J = 7.5 Hz, 3H), 
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1.63 (sextet, J = 7.5 Hz, 2H), 2.55 (t, .I = 7.5 Hz, 2H), 3.75 
(s, 3H), 4.76 (s, lH), 6.62 (dd, J =  8.3, 3.0 Hz, lH), 6.68 (d, 
J z 8 . 3  Hz, IH), 6.69 (d, .I= 3.0 Hz, I H ) ;  13C NMK (CDCl3, 
100 MHZI 6 14.0 (cH,), 22.9 (cH~), 32.2 (cH~), 55.7 (cfr3), 

153.5 (C); MS (12 eV) mdz 166 (M+, 1001, 137 (40). 
111.6 (CH), 115.8 (CIA{), 115.9 (CH), 129.7 (C), 147.5 (C), 

2-AllyI-1-allyloxy~4-methuxyhenzene 
A magnetically stirred solution of 3 (14.0 g), benzyl 

bromide (10.9 g) and K,CO, (12.44 g) in anhydrous 2-bu- 
tanone ( 1  00 mL) was rcfluxed for I8 11 until the complete 
disappearance of 3 was indicated by TLC analysis. The re- 
action mixture was allowed to cool and was filtcrcd to re- 
move salts which were then washed with ether (100 mL). 
?he combined filtratc was washcd with saturated ammo- 
nium chloride solution (50 mL x 2) and brine, dried, and 
concentrated in vacuo to give a pale yellowish oil, 2-aIlyl-l- 
allyloxy-4-methoxybenzene (17.3 1 g, 99%): IK (ncat) 3075, 
3000, 1639, 1610, 1590, 1496, 1455, 1425, 1280, 1220, 
1160, 1047, 998, 918, 870, 800, 750,717 cm-'; '1-1 NMR 
(CDQ,, 400 MI-Iz) 6 3.39 (d, J =  6.6 Hz, ZH), 3.74 (s, 3H), 
4.47 (dd, J = 5.0, 1.4 Hz, ZH), 5.05 (dt, J = 8.9, 1.4 Hz, IH), 
547 (dt, .r = 17.5, 1.4 Hz, i ~ ) ,  5.24 (dd, J =  10.6, 1.4 HZ, 
lH), 5.39 (dd, .I = 17.0, 1.4 IIz, Hi), 5.94-6.04 (m, 2H), 6.67 
(dd, J = 8.8,3.0 Hz, lH), 6.73 (d, J = 3.0 IIz, 111),6.76 (d, J 
= 8.8 l-l~, 1I-I); I 3 C :  NMR {CDC13, 100 1Iz) 6 34.5 (CkIa)* 55.6 
(CIi3), 69.7 (C1-1~)~ 11 1.3 (CH), 113.1 (CH), 115.6 (CHz), 
116.0 (CH), 116.8 (CR*), 130.4 (C), 133.8 (CH), 136.7 
(CI-I), 150.5 (C) ,  153.7 (C);  MS (25 cV) f3dZ 204 (M', 53), 
163 (IOO), 13.5 (25), 105 (12), 103 ( I @ ,  71 (36), 57 (15),28 
(16). 

2,6-Diallyl-4-methoxiyphenol 
2-Allyl- 1-allyIoxy-4-methoxybcnzcne (17.3 1 g) was 

pkaccd in a round-bottomed flask cquippcd wilti a condenser 
and was heated at 190 " C  with stirring for 12 h until the 
cornplcte disappearance of the starting matcrial was indi- 
caled by TLC analysis. Thc red-brownish crude product 
then was cooled down and purified by chromatography 
(ethyl acctatc : hexane = 1 : 20) and then by vacuum distilla- 
tion (1 14 "C/0.59 tom) to give a colorlcss liquid 2,6-di:tIlyl- 
4-metlioxyphenol(12.11 g,  70%): IR (neat) 3525 (br), 3080, 
3005, 1638, 1608, 1480, 1440, 1340, 1318, 1240, 1196, 
1147,1052,999,917,1155 cm-'; 'H NMK (CDCI3, 400 MHz) 
6 3.36 (d, . I =  6.6 Hz, 4H), 3.74 (s, 1H), 4.77 (s, lH), 5.13 
(dd,J=9.7,1.31~1~,2I.I),5.14(dd,.l=16,1.3I-I~,2H),5.96- 
6.04 (m, 2H) ,  6.58 (s, 212); 13C NMK (CDCI-1. 100 MHz) 8 
35.4 (CH,, x 2), 55.6 (CH31, 113.8 (CH, x 2), 116.4 (CH2, X 

2), 126.9 (C, x 2), 136.4 (CH, x 2), 146.4 (C), 153.4 (0; MS 
(12 eV) mdz 204 (W, IOO), 189 (6) .  

4-Methoxy-2,6-dipropylphenol (6) 
A solution of 2,6-diallyl-4-methoxyphenol(14.03 g )  

in ethyl acetate (30 mL) was hydrogenated with vigorous 
stirring over Pd/C (10%~~ 2.81 g) at room temperature under 
I-I2 atmosphere (about lam) until no more IIz was consumed. 
The catalyst was removcd by filtration, and the filtrate was 
stripped of solvent. Kecrystalixation of the residue from 
ethyl acetate-hexanc afforded white needles 6 (14.02 g, 
98%): mp 33-34 "C; IR (KBr) 3490 (br), 1604, 1471, 1380, 
1240,1347,1195, 1150,1097, 1042,949,851,770 cm"; 'M 

(sextet, .I= 7.3 Hz, 4W), 2.53 (t, J =  7.3 Hz, 4H), 3.73 (s, 
NMR (CDC13, 400 MIlz) 6 0.97 (t, J = 7.3 IIz, 6H), I .63 

3H), 4.25 (s, IH), 6.53 (s, 2H); 13C NMR (CDClr, 100 MHz) 
F 14.0 (CH3 x 2), 22.4 (CH2 x 2), 32.5 (CHI x 2), 55.6 (Ch), 
112.9(CHx2), 129.0(Cx2), 145.4(C), 153.1 (C); MS(12 
eV) m/z 208 (M', loo), 204 (Y), 189 (9). 

1 -Allyloxy-4-henzyloxyhenzenzene 
A magnetically stirred solution of 4-benzyloxyphenol 

(10.00 g), ally1 bromide (7.7 mL) and KzC03 (IS.0 g> in an- 
hydrous 2-butanone (125 mL) was rclluxed for 12 h until thc 
reaction was completed as indicated by TLC analysis. 'I'he 
reaction mixture was allowed to cool and was then filtered 
to removc salts which were washed with ether (ZOO mL). 
The combined organic phase was washcd with saturated am- 
monium chloride solution and brine, dricd, and stripped of 

solvent to give a palc ycllow solid (12.02 g, 100%) which 
was recrystallized from ethyl acetate-hcxane lo afford white 
platelet I -alIyloxy-4-benzyloxyhet1zene: mp 57.5-58 "C; IR 
(KBr) 3080,3065, 3040, 3010, 1640, 1510, 1465, 1452, 
1429, 1383, 1289, 1240, 11 17, 1028,936,935,830,788, 
740,696 cm"; ' H  NMR (CDCk, 400 MHz) 6 4.64 (d,  . I= 5.0 
Hz, ZII), 5.00 (s, 28), 5.26 (dd, J =  10.2, 1.1 IIz, Ifl), 5.39 
(dd, J =  16.8, 1.1  Hz, l a ) ,  6.00-6.09 (m, 1141, 6.66 & 6.69 
(AA'BH', J,,A = 6.8 Hz, 4H), 7.31-7.41 (m, 5H); t3C NMK 
(CDC13, 100 I-lz) 6 69.4 (CH2), 70.7 (CHz), 115.7 (CH x 2), 
115.8 (CH x 2), 117.5 (CIIZ), 127.5 (CII x 2), 127.9 (CFI), 
128.5 (CH, x 2), 133.6 (CH), 137.3 ( C ) ,  153.0 (C), 153.1 
(C); MS (12 eV) mdz 240 (M', loo), 199 (7), 149 (IZ), 92 
(lo), 9 1 (79). 

2-Allyl-4- henzyloxy phenol 

in a round-bottomed flask equipped with a condenser and 
was heated at 186 "C with stirring for 26 h until the com- 
plctc disappearance of the starting matcrial was indicated by 
'ILC analysis. Thc red-brownish crude product was allowed 
to cooi and was purified by flash column chromatography 
(hexme : ethyl acetate = 15 : 1) to give ;L colorless liquid 2- 
allyl-4-henzyloxypherlol(9.81 g, 83%): IR (neat) 3430 (hr), 

1-AIIyl0~y-4-ben~yl0~ybcn~ene ( I  1.82 6 )  WLIS I>laccd 
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3077, 3040, 1640, 1612, 1511, 1447, 1385, 1290, 1260, 
1225,1196,1162, 1080.1028, 1005,920,811,745 cm*'; 'H 

lH), 5.00 (5, 2H), 5.12-5.18 (m, 2H), 5.97-6.04 (m, lH), 
6.71-6.80 (m, 3W), 7.34-7.44 (m, SH); I3C NMR (CDCb, 

NMR (CDCb, 400 MHz) F 3.38 (d, J =  6.4 Hz, 2H), 4.96 (s, 

100 Hz) 6 34.9 (CHz), 70.5 (CHz), 113.5 (CH), 116.2 (CH), 
116.3 (CHI), 116.9 (CH), 126 (C), 127.4 (CH x 2), 127:7 
(CH), 128.3 (CH x 2), 136.0 (CH), 137.1 (CH), 148.0 (C), 
152.8 (C); MS (12 eV) m/z 240 (Mi, 30), 92 (9), 91 (100). 

2-Allyl-4-henzyloxy 1 -methoxyhenzene 
A magnetically stirred solution of 2-allyl-4-benzy- 

loxyphenol(3.87 g>, dimcthyl sulfate (2.78 mL) and KzC03 
(4.0 g) in anhydrous 2-butanone (100 mL) was retluxed for 
8 h until the complete disappearance of 2-allyl-4-benzy- 
loxyphenol was indicated by TLC analysis. The reaction 
mixture was allowed lo cool and was filtered to remove salts 
which were then washed with ether (50 mL). The combined 
filtrate was washed with saturated ammonium chloride solu- 
tion (50 mL x 2) and brine, dried, and concentrated in vacuo 
to give a pale yellowish oil, 2-allyl-4-benzyloxy-I- 
methoxybedzene (3.89 g. 96%): IR (neat) 306 1,3030,3000. 
1638, 1605, 1590, 1462, 1380, 1280, 1225, 1180, 1162, 
1125, 1085, 1045, 1030, 998, 913, 875, 850, 800,740, 700 

3.78 (s, 3H), 5.00 (s, 2H), 5.04-5.09 (m, 2H), 5.94-6.01 (m, 
IH), 6.75-6.83 (m, 3H), 7.31-7.45 (m, 5H);  I3C NMR 

cm-l. , I H NMR (CDC13,4W MHz) 6 3.37 (d, J = 6.4 Hz, 2H), 

(CDCls, 100 Hz) 6 34.2 (CHL), 56.1 (CH3), 70.6 (CHz), 
1 11.3 (CH), 112.4 (CH), 115.6 (CH,), 117.3 (CH), 127.5 
(CH x 2), 127.6 (CH), 128.5 (CH x 2), 129.9 (C) ,  136.7 
(CHI, 137.4 (C) ,  151.7 (C), 152.8 (C); MS (12 eV) d. 254 
(M*, loo), 163 (19), 41 (27). 

4-Methuxy-3-propylphenol (7) 
A solution of 3-allyl-4-metiioxyphenol (3.80 g) in 

ethyl acetatc (40 mL) was hydrogenated over Pd/C (lo%, 
0.38 g) at room rcmperature under HZ atmosphere (1  arm) 
until no more H2 was consumed. The catalyst was removed 
by filtration. The liltrate was stripped of solvent and then 
distilled in vacuo (102 "C/O. 1 torr) to afford a white solid 7 
(3.42 g, 90%) which was rccrystallized from ethyl acetate- 
hexane: mp 41.5-42 "C; IR (neat) 3340 (br), 3022, 1599, 
1500, 1460, 1438, 1380, 1340, 1288, 1240, 1180, 1156, 
1125, 1075, 1035, 961, 859, 808, 750 cm-'; 'H NMR 
(CDCI?, 400 MHz) 6 0.93 (1, J =  7.3 Hz, 3H), 1.52-1.59 (m, 
219, 2.52 (t, J =  7.7 Hz, 21-1)? 3.76 Is, 3H), 5.32-5.61 (br, 
lH) ,6 .62 (dd ,J=8 .4 ,3 .0H~,  lH) ,6 .64(d,J=3.0H~,  IH), 
6.70 (d, J =  8.4 Hz, 1H); I3C NMR (CIIC13, 100 MHz) 6 14.0 
(CH3), 22.9 (CHz), 32.1 (CHz), 56.1 (CHs), 111.7 (CH), 
112.6 (CH), 117.1 (CH), 132.6 (C), 149.1 (0, 151.7 (C); 

MS (12 eV) d z  166 (M', 1001, 137 (26). 

2-Allyl- 1-allyloxy-4-henzyloxybenzene 
A magnetically stirred mixture of 2-allyl-4-benzy- 

loxyphenol(9.8 g), ally1 bromide (7.5 rnL) and KzC03 (12.2 
g) in anhydrous 2-butanone (125 rnL) was refluxed for 20 h 
until the complete disappearance of 2-allyl-4-benzy- 
loxyphenol was indicated by 1'LC analysis, allowed to Cool 
and filtered of salts which were then washed with ether (150 
mL). The combined filtrate was washed with saturated am- 
monium chloride solution (SO mL x 2) and brine, dried, and 
concentrated i n  vacuo to give a pale yellowish oil, 2-allyl- I - 
allyloxy-4-benzyloxybenzene ( 1  1.15 g, 96%): IK (neat) 
3080, 1040, 1642, 1610, 1591, 1498, 1458, 1429, 1385, 
1286, 1227, 1170, 1033, 1002,921, 802,741,702 cm-l; 'H 

J=4 .9  Hz, 2H),4.56 (s, 2H), 5.14 (dd, J =  9.1, 1.2 Hz, IH), 
5.17(dd,J=L5.1,  1 . 2 H ~ , I H ) , 5 . 3 4 ( d d , J = 1 0 . 3 , 1 . 2 H ~ ,  

NMK (CDCI3,400 MHz) 6 3.49 (d, J = 6.5 Hz, 2H), 4.52 (d, 

IH), 5.49 (dd, J =  17.3, 1.2 Hz, lH), 6.04-6.12 (m, 2H), 6.93 
(s, 1H),6.65 (s, 2H), 7.33-7.46 (m, 5H); 13C NMR(CDCI3, 
100 HL) 6 34.4 (CHZ), 69.6 (CHz), 70.5 (CHz), 112.4 (CH), 
112.9 (CH), 115.9 (CHn), 116.8 (CW,), 117.1 (CH), 127.5 
(CH x 2), 127.8 (CH), 128.5 (CH x 2), 130.5 (C) ,  133.7 
(CH), 136.7 (CH), 150.6 (C), 152.9 (C);  MS (12 eV) d z  
208 (M*, 80), 239 (121, 92 (9), 41 (loo), 71 (64), 65 (84). 

2,6-DialIyl-4-benzyloxyp henol 
2-Allyl-f-allyloxy-4-bcnzyloxybenzene ( I  1 .OO g) was 

placed in a round-bottomed flask equipped with a condzriser 
and heated at 186 "C with magnetic stirring for 14 h until the 
complete disappearance of the starting material was indi- 
cated by TLC analysis, The red-brownish crude product 
was allowed to cool and was purified by chromatography 
(ethyl acetate : hexane = 1 : 15) to give liquid 2,6-dialIyl-4- 
benzyloxyphenol (8.47 g, 77%): IR (neat) 3520 (br), 3075. 
3030, 3000, 1635, 1605, 1479, 1380, 1338, 1312, 1238, 
1182, 1147, 1041,1030,997,917,862,843,740,697 cm-'; 
'H  NMR (CDCls, 400 MHz) 6 3.38 (d, J =  6.4 Hz, 4H), 4.99 
(~,2I-I).5.15(dd,5=3.8, 1.4Hz,2H) ,5 .16(dd,~=15.8 ,  1.4 
Hz, 2H), 5.92-6.05 (m, 2H), 6.68 (s, 2H), 7.30-7.42 (m, 5H); 
I3C NMR (CDC13, 100 MHz) 6 35.4 (CHZ X Z), 70.5 (CHz), 
114.9 (CH x Z), 116.4 (CH2 x Z), 126.7 (C, X 2), 127.5 (CH 
x 2), 127.6 (CH), 128.5 (CH x 2), 136.3 (CN x 2), 137.3 (C), 
146.5 (C), 152.6 (C); MS (75 eV) d z  280 (M', 591,189 45), 
9 I (loo), 85 (34), 71 (37), 57 (38). 

2,6-Diallyl-4-benzyloxy- 1 -methoxybenzene 
A magnetically stirred mixture of 2,6-diallyl-4-benzy- 

loxyphenol (13.79 g), dirncthyl sulfate (4.65 mL) and 
KzC03 (12.2 g) in anhydrous 2-buunone (125 mL) was re- 
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fluxed for 18 h until the complete disappearance of thc start- 
in& material was indicated hy TLC analysis. ' Ihe reaction 
mixture was coolcd and fil  tercd to remove salts which were 
then washed with ether (200 mL), The combined tiltrate 
was washed with saturated ammonium chloride solution (50 
mL X 2) and brine, dried, and concenwated in vacuo to give 
liquid 2,6-diallyl-4-henzyloxy- 1 -methoxybenzcnc ( 14.25 g, 
99%): IK (ncat) 3075,3024, 3005, 1637, 1605, 1.599, 1495, 
1480,1431,1380,1325,1228,1172,1142,1042,1013,915, 
869,848,739,698 cm-'; 'I.1 NMR (CDCI3, 400 MHz) 6 3.42 
(d, J =  6.5 Hz, 4H), 3.69 (s, 3H), 4.99 (s, 2H), 5.09 (dd, J =  
12, 1.4 Hz, 2H), 5.10 (dd, . I =  16, 1.4 I-Iz,2FI), 5.93-6.03 (m, 
ZH), 6.70 (s, 2H), 7.32-7.38 (m, SH); i3C NMK (CDCIJ, I00 
MHz) 6 34.1 (CH2 x 2), 61.5 (CH3), 70.2 (CHz), 114.4 (CH 
x 2), 115.9 (CI& x 2), 127.6 (CH x 2), 127.7 (CH), 128.5 
(CH x 2) ,  133.9 (C x 2), 137.0 (CH x 2), 137.1 (C), 150.2 
(C), 154.8 (0; MS (25 eV) ~4 294 (M+, loo), 203 (58),91 
(100). 

4-Methoxy-3,5-dipropylphenoI (8) 
A solution of 2,6-diallyl-4-benzyloxy- 1 -methoxyhen- 

zene (14.1 1 g) in ethyl acetate (30 mL) was hydrogenated 
with vigorous stirring ovcr PdK (lo%, 1.4 1 g) nt room tern- 
per;rlure under H2 atmosphere ( I  am) until no more H: was 
consumed. The catalyst was removed by filtration, and (he 
filtrate was stripped of solvent and dibtilled in vacuo (133 
"C10.1 ton) to give liquid 8 (10.90 g, 77%): 1K (neat) 3380 
(bx), 1600, 1462, 1430,1379, 1345, 1318. 1233, 1209, 1176, 
1142, 1097, 1018,990, 855,750 C I ~ - ' ;  'H NMR (CDC13,400 
MIiz) 6 0.98 (t, J =  7.4 Hz, 6H), 1.63 (scxtct, .I = 7.4 Hz, 
JH), 2.SS ( t ,  J =  7.4 Hz, 4H), 3.57 (s, 31I), 4.49 (br, IH), 
6.50 (s, 2H); I3C NMR (CDCI,, 100 M€Iz) 6 14.2 (CH3 x 2), 
23.7(Cf.hX2),31.8(CH2x2),61.3 (CH3), 113.9 ( C H X ~ ) ,  
136.6 (C x 2), 150.2 (C), 151.4 ( C ) ;  MS (25 eV) r d z  208 
(M', loo), 193(23), 179(fO), 165 (131, 164(8), 151 (13),71 
(13). 

2-AfI~l-4,4-dimethoxy-2,5.cycloht.xadien~ (9) 
To acooled (ice-salt bath) solution of 3 (164 mg) in an-  

hydrous methanol (7 rnL) suspended with anhydrous potas- 
sium bicarbonate (0.4 g) was added dropwise a solution of 
thallium trinilralc (TTN, 0.45 g) in anhydrous methanol (7 
mL) over a period of 5 min.  The resuIting mixture was 
stirred for 10 more min and qucnchcd with saturated aquc- 
uus sodium bicarbonate (10 mL). EUier was suhsequenily 
added. 'The milky mixture was filtered through basic alu- 
mina (4 c m  in length). The layers of tlic filtrate were scpa- 
rdted, and the organic phase was washed with saturated 
aqueous sodium bicarbonate and brine, dried, and stripped 
of solvent lo a6ard 9 (171 rng, 88%): IR (neat) 3080, 1681, 

1650, 1629, 1378, 1310, 1125, 1070, I041,970,92t, 832 
cm-'; IH NMR (CDC13, 90 MHz) 6 3.06 (br d, J = 6.1 Hz, 
2H), 3.33 (s, 6H), 5.00-5.14 (m, 2H), 5.52-5.97 (m, lH) ,  
6 . 2 0 ( d , J = 1 0 . 3 H ~ , l H ) , 6 . 5 1 ( d , J = 1 3 . 0 H ~ ,  111),6.75(dd, 
J =  10.3, 3.0 Hz, IH); I3C NMK (CDCI,, 100 MHz) 6 32.7 
(CH*), 50.1 (CH3 x 2j, 92.0 (C), 117.6 (CH2), 129.9 (CH), 
134.2 (CH), 138.5 (CR), 139.0 (C), 142.8 (CH), 184.9 (C); 
MS (25 eV) d z  194 (M*, 14), 179 (1  8), 168 (34), I53 (loo), 
135 (23), 103 (25), 99 (20), 91 (30). 

2-( 1,3~Dioxolan-2-ylmethyl)-4,4-dimethoxy-2,S-cyclo~ 
hexadienone (10) 

The prcparation of 10 (1  12 mg, 92%) from 4 (105 mg) 
was done in a manner simiIar to that of 9. 'I'hc spectral data 
of 10: UV (95% BtOH) h,,, (E/M-I cm-') 218 ( 6 . 0 ~  lo3), 312 
(1.3 x 10') nm; IR (neat) 3040, 1682, 1650, 1629, 1490, 
1468,1396,1370,131S, 1248,1200,1125,1080,1040,967, 
850 cm-'; 'H NMR (CDCh 400 MHz) 6 2.55 (d, J = 4.4 Hz, 
2H),  3.24 (s, 614, 3.69-3.84 (m, 4H), 4.88 (t, J =  4.4 Hz), 
6.14 (d, .I= 10.2 Hz, lHj, 6.64 (d, J =  3.0 Hz, lH), 6.69 (dd, 
J = 10.2, 3.0 Hz, 1H); I3C NMR (C*DcI3, 100 MHL) 6 35. I 
(CWz), 50.1 (CHs X Z), 64.6 (CH2 X Z), 92.6 (C), 102. i (CH), 
129.6 (CFI), 134.9 (C), 141 .O (CH), f42.7(CH), 184.5 (C); 
MS (12 eV> d z  209 (M'-OCH3,52), 136 (29), 37 (100). 

4,4-Dimethoxy-2- propyl-2,5-cyclohexadienone (1 1) 
Thc preparation of 1 f (1 84 mg, 94%) from 5 ( 166 mg) 

was done in a manner similar to that of9. The spectral data 
of 11: UV (95% EtOII) A,,,,,, (EM-' cm-') 221 (8.7 x lo3), 312 
(1.0 x 10') nm; IR (neat) 3050, 1681, 1651, 1629, 1463, 
1380, 1310, 1295, 1200, 1123, 1100, 1068, 1041,962 cm-l; 

(sextet, J = 7.3 Hz, ZH), 2.14 (t, J = 7 3 Hz, 2H), 3.22 (s, 
6H),6.10(d,J= 10.3Hz. 11+),6.41 (d,J=3.6Hz, IH),6.65 
(dd, J =  10.3, 3.6 Hz, 1H); j3C NMR (CDCl,, 100 MHz) 6 

( C ) ,  129.9 (CH), 137.8 (CH), 140.2 (C), i42.4 (CH), 185.0 
(C); MS (12 eV) m/r 196 ((M+, 521, 181 (47), 168 (.74), 166 
(33), 165 (IOO), 154 (37), 153 (1311, 137 (73). 

'€3 NMR (CDC13,400 MHz) 6 0.79 (t, J = 7.3 Hz, 3H), 1.35 

13.4 (CH3), 21.0 (CH2), 30.7 (C&), 49.9 (CI& x 2), 92.8 

4,4-Dimethoxy-2,6-dipropyl-2,5-cyclohexadienone (12) 
The preparation of 12 (1.26 g, 92%) from 6 (1.04 mg, 

0.50 mmol) was done in a manner similar to that of 9. The 
spectral data of 12: IJV (95% ELOH) ?L,,,,= (EM'' cm-') 234 
(9.3 x lo3), 252 (sh, 6.5 x lo'), 280 (sh, 6.9 x lo2)  nm; 1R 
(neat) 3030, 1679, 1648, 1610, 1462, 13x0, 1360, 1300, 
1230, 1205, 1185, 1150, 1100, 1083, 1045,965,890,879. 
796,776, 728 cm"; 'H NMR (CDCl3,400 MHz) 6 0.9 1 (t, J 
= 7.4 Hz, 6H), 1.45 (sextet, J =  7 6 Hz, 4H), 2.53 (t, J =  7.6 

, 1 --.+.+. 

Ha, 4H), 3.3 I (s, 6H), 6.47 (s, 28); I3C NMR (cDCl3, 100 
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MHz) 6 13.8 (CH3 x 2), 21.7 ( C H ~ X  2),31.2 (CI-12X 2), 50.3 
(CH3 x 2), 93.1 (C), 137.4 (CH x 21, 140.9 (C X 21, 185.6 
(C); MS (75 eV) r d z  238 (401, 223 (60), 207 (loo), 195 
(31),179 (43 ,  137 (28), 121 (40), 91 (36),77 (261. 

4,4-Dimet hoxy-3-propyl-2,5-qclohexadienone (1 3) 
'The preparation of 13 (166 mg, 98%) from 7 (142 mg, 

0.86 mmol) was done in a manner similar to that of 9. Thc 
spectral data of 13: UV (95% EtOH) A,, (E/M-] cm-') 233 
(6.5 x lo3), 263 (sh, 8:0 x 10') nm; IR (neat) 3055, 1681, 
1644, 1621, 1469, 1390, 1300, 1229, 1220, 1109, 1068, 
1015,977,919,868,8!0, 780 cm-I; 'I-! NMR (CDCls, 400 
MHz) 6 0.96 (t, J =  7.3 H z ,  3H), 1.54 (sextet, J =  7.3 Hz, 
2H),2.23(t,J=7.3kiz,2H),3.17(~,6H),6.19(d,.l=2.1 
Hz, IH), 6.36(dd,J= 10.3,2.1 Hz, 1H),6.71 (d. J =  10.3 
Hz, 1H); "C NMR (CDC13, 100 MHz) 6 13.9 (CH,), 19.4 
(CH2), 30.6 (CH2), 51.0 (CH3 X 2), 95.6 (C), 128.0 (CH), 
132.1 (CH), 144.0 (CH), 159.0 (C), 185.2 (C); MS (12 eV) 
rru'z 196((M', IS), 181 (9), 166(100), 154(11), 137(13). 

4,4-Dimethoxy-3,5-dipropyl-2,5-cyc~ohexadie~one (14) 
The oxidation of 8 (208 mg) was carried ou1 in a man- 

ner SiInilir to that of 9 10 givc a white solid (0.232 g, 97%) 
which was recrystallized from ethyl acetate-hcxane to af- 
ford white crystals 14: mp 60-61 "C; UV (95% EtOH) Lx 
(E/M'' cm ') 229 (1.83 x lo4), 268 (2.9 x lo3) nm; IR (KHr) 
3041, 1680, 1635, 1621, 1465, 1455, 1420, 1385, 1309, 
1275,1225,1185, I142,1073,929,897,875,869,720 cm-I, 
'H NMR (CDCls, 400 MHz) 6 0.94 (t, J =  7.3 Hz, 6H), 1.54 
(sextet, J =  7.3 Hz, 4H), 2.19 (t. J =  7.3 Hz, 4N). 2.95 (s, 
6H), 6.27 (s, 2I.I); I3C NMR (CDCI3, 100 MHz) 6 14.0 (CHs 
x 2), 19.2 (CH2 X 2), 30 2 (CH? x 2). 50.8 (CE.13 X 2), 98.5 
(C), 129.6 (CH x 2), 159.0 (C x 2), 185.2 (C); MS (75 eV) 
r d z  238 (M*, 78), 223 (28), 209 (too), 207 (41), 195 ( 3 3 ,  
I81 (I@, 179 (20), 155 (3X), 71 (46), 57 (361, 55 (42); 
IlRMS Calcd for C14H2203:  238.1569, Found: 238. I54 1 ;  
Anal Calcd for C14H2203: C, 70.56, EI, 9.30; Found: C, 
70.62, H, 9.59. 

General Procedure for the Irradiation of Substituted 
4,4-Dimethoxy-2,5-c~cluhexadienones 9-14 in Methanol 

A solution of appropriately substituted 4,4-d1- 
methoxy-2,s-cyclohexadierlone (3-14) in methanol (spec- 
tral grade) was placed in a Pyrex tube, bubbled with nitro- 
gen for 45 min, stoppered and irradiated with fluorescent 
(350 nm) lamps in a Kayonet reactor through a uranium f i l -  
ter until the starting material disappeared as shown by TLC 
analysis. The irrddlated soIution was stripped of solvent 
arid chrornatographcd on preparative 'I'LC plates (elhyl ace- 
tate : hcxaine = I : 5 as cluent) to isolate and purify the prod- 

ucts. 

Methyl 3-Allyl-2-oxo-3-cyclopenten-t-carboxylate (15) 
Compound 9 ( 1  7 I mg) in methanol (30 mL) was irra- 

diated for 2 h to give, after isolation and purification, 15 
(72.8 mg, 46%): oil; IK (neat) 3037, 2974, 1745, 1621, 
1508, 1377, 1310, 1255 ,1228, 1160, 1000,962 cm-'; 'H 
NMK (CDCh, 400 MHz) 62.57-2.59 (m, 1H),2.75-2.80 (m, 
fH), 2.92 (br d, ,I = 6.7 Hz, 21[), 3.42 (dd, J = 7.1, 2.3 HE, 
IH), 3.72 (s, 3H), 5.04-5.09 (m, 2H), 5.76-5.92 (m, IH), 
7.22 (m, 1H); "C NMK (CDCI', 100 MHz) 6 30.8 (CHd, 

(CH), 142.9 (C), 157.9 (CH), 169.4 (C), 201.7 (C); MS (25 
eV) d z  180 (M', 82), 148 (57), 121 (IOO), 91 (64), 77 (57). 

Methyl 2-0xo-3-propyl-3-cycInpenten-l-carboxylate (1 6) 
Compound 10 (173 mg) in methanol (30 mL) was irra- 

diated for 2 h to give, after isolation and purification, 16 
(84.5 mg, 53%): oil; IR (neat) 1740, 1710, 1632, 1510, 
1455, 1435, 1380, 1330, 1300, 1257, 1225, 1210, 1156, 
1099, 1049, 1002,970 ern-'; 'H NMR (CDCh, 400 MHz) 6 
0.92 (t,J= 7.3 Hz, 3H), 1.53 (apparent sextet, 2H), 2.16 (rn, 
2H),2.80(brd,J=17.6Hz, lH),2,96(brd,J=17.6Hz,  
IH), 3.44 (dd, J =  6.9, 2.6 Hz, IH), 3.76 (s, 313, 7.38 (m, 
1H); I3C NMR (CDC13, 100 MHz) 6 13.7 (CH3), 20.8 (CH2), 

157.1 (CN), 169.7 (C), 202.7 (C); MS (12 eV) d z  224 (M', 
20), 192 (72), 182 (loo), 150 (17); HRMS Calcd for 
C l O H 1 4 0 3 :  182.0943. Found: 182.0937. 

Methyl 3-(1,3-Dioxolan-2-yIm~t~yl)-2-oxo-3-cyclopenten- 
1-carhoxylate (17) 

Compound 1 I (1 12 mg) in methanol (25 mL) was irra- 
diated for 1.75 h to give, after isolation and purification, 17 
(52.9 mg, 50%): oil; IK (neat) 1740, 1710, 1638, 1439, 
1405, 1370, 1348, 1329, 1300, 1265, 1210, 1160, 1140, 
1050, 1030, 1015, 995, 969, 950, 820, 735 cm"; '1-1 NMR 
(CDCI3,400 MHz) 6 2.43-2.53 (m, 2N), 2.78 (br d, J =  19.0 
Hz. IH), 2.93 (br d, J = 19.0 HL,  IH), 3.38 (dd, J = 6.9,2.7 
I?z, IH), 3.68 (s, 3H), 3.76-3.80 (m, ZH), 3.87-3.91 (m, 2H), 
4.95 (1, . I=  5.1 HL, IH), 7.54 (m, IH); I3C NMR (CDC13, 100 
MHz) 6 29.5 (Ckkz), 3 1 .0 (CH,), 50.6 (CH), 52.4 (CH3), 64.8 

37.4 (CHZ), 51.2 (CH), 52.6 ( C h ) ,  117.1 (CHz), 133.8 

26.9 (CHz), 30.8 (CW,), 51.3 (C), 52.6 ( C h ) ,  144.8 (C), 

(CHz X 2), 102.0 (Cld), 138.8 (C), 159.8 (CH), 169.2 (C), 
20 I .7 (C); MS ( 1  2 eV) d z  226 (M', 20), 195 ( 1  71,180 (33), 
122 (IS), 86 (22), 84 (27), 74 (40), 73 (100); FIRMS Calcd 
for CI I HI405: 226.0842, Found: 226.0837. 

Methyl 2-0xo-4-propyI-3~cyclopenten-l-carboxylate (18) 
Compound 13 (1 67 mg) in methanol (40 mL) was irra- 

diated for 2 h to give 13 (16.3 mg) and 18 (70.4 mg, 5 1% 
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based on the consumed 13) after isolation and purification. 
Tlicdataof18: oil; IR (neat) 3080, 1739, 1710, 1619, 1468, 
1458, 1439, 1382, 1330, 1261, 1213, 1152, 1092, 1030, 
1000,969,890,850,830,770 cm-'; 'H NMR (CDCls, 300 
MHz) 6 0.9.5 (1, .I = 7.4 Mz, 3H), 1.6 (apparent sextet, 213, 
2.39(t,.i=7.6H~,2H),2.73(dd,J= 18.5,6.9H~, IW),2.95 
(br d, J =  18.5 Hz, IH), 3.44 (dd, J =  6.9, 2.6 IIz, IH), 3.71 
(s, 313),5.86 (br s, 1H); I3C NMR (CDCls, I00 MHz) 6 13.7 
(CH3), 20.2 (CHz), 35.3 (CH2), 35.4 (CHz), 52.0 (CH), 52.6 
(CFh}, 127.3 (CHI, 169.4 (C), 183 0 (C), 202.7 (C); MS (12 
eV) ndz 182 (loo), 154 (43,  150 (so), 122 (27), 94 (13); 
HRMS Calcd for Clol-1~~0~: 182.0943, Found: 182.0941. 

Methyl (lH*,5S*)-2-axo~3,5-dipropyl-2-cyclopenten-l- 
cztrhuxyhte (19) 

Compound 12 (249 mg) in methanol (30 m1.J was irra- 
diatcd lor 1 .S h to give 19 (231 mg, 99%) after isolation and 
purification. 19: oil; IK (neat) 1741, 1718, 1635, 1470, 
1440, 1385, 1355, 1341, 1265, 1222, 1200, 1182, 2105, 
1055, 1020, 960, 840 cm"; '13 NMK (C1'lCl3, 400 MIlz) 6 

(m, 3H), 1.65-1.77 (m, IH), 2.06 (apparent t), 2.58-2.63 (m, 
lH),2.67-2.73 (m, 1H), 3.30-3.33 (m, lH), 3.65 (s, 3H),  
7.08 (hr s, 1H); I3C NMK (CDCI,, 100 MHz) 6 13.6 (CH3), 

0.814(t,J=7.3l.1~,3H),0.822(t,./=7.3Hz,3H), 1.26-1.34 

19.9 (CI-L), 20.5 (CH?), 26.6 (CHa), 32.7 (CHz), 48.5 (CH), 
50.5 (CH), 52.2 (CH,), 146.4 (C), 151.5 (CW) ,  172.3 (C), 
209.1 (C); MS (12 eV) d z  224 (M*, 20), 192 (72), 182 
(10% 150 (17); WRMS Calcd for C L ~ H ~ D O ~ :  224.1412, 
Found: 224.1408, 

Irradiation of 14 in Methanol and Benzene 
Asolulionof14(181 mg)inmethanol(20mL) was ir- 

radiated for 4 h to give, after isofation and purification, 8 
(58.3 mg, 37%) which showed identical 'H NMR, IK and 
mass spectra with tliose of an authentic sample. Simjliuly a 
solution of 14 (2 13 mg) in benzene (25 rnL) was irradiated 
for 6.5 h to give 8 (22.4 mg, 12%) after isolation and purifi- 
cation. 

Irradiation of 11 in Benzene 
A solution of 11 (180 mg) in benzene (30 mL) was ir- 

radiatedfnr2 h toyield20(91.6mg, 51%),21 (33.1 mg, 
22%), and 22 (4S mg, 3%). 

4,5-Dimethoxy-2-propylphrnol (20): mp 73.5-74 "C 
(recrystallized from eth yf acetate-hexane, white needles); 
IK (KBr) 3440 (br), 1620, 1520, 1468, 1452, 141 I ,  1760, 
1285, 1245, 1202, 1118, 1035, 1000, 850 cm-'; 'I3 NMR 
(CDCL, 400 Ml-Iz) 6 0.93 (t, .I = 7.4 Hz, 3H), 1.59 (apparent 
sextet, 2111, 2.49 (1, J = 7.7 Hz, 31-11, 3.74 (s, 3H), 3.79 (s, 
3H), 5.47 (br s, 111). 6.40 (s, IN), 6.62 (s, 1H); I3C NMR 

(CDCl,, 100 MI-Iz) 6 13.8 (CH3), 23.2 (CH2), 3 1.5 (CHz), 
55.8 (CH3), 56.6 (CH3), 101.0 (CH), 114.0 (CH), 119.4 (C), 
142.7 (C), 147.6 (C), 147.9 (C); MS (12 eV) d z  196 (M', 
IOO), 167 (38); HRMS CalcdforCI1HI6O3 196.1099. Found 
196.1095. Anal Caicd for C l I H ~ 6 0 3  C, 67.26; H, 8.16, 
FoundC, 67.31; E8.22.  

5-Methoxy3-propylphenol(21): IR (neat) 3420 (br), 
3010, 1625, 1599, 1520, 1505, 1470, 14.50, 1332, 1380, 
1290, 1210, 1170, 1130, 1048, 960, 840 cm-'; '13 NMK 
(CDC13, 400 MHz) 6 0.94 (t, J = 7.3 Hz, 3H), 1.59 (apparent 
sextet, 2H), 2.50 (t, J =  7.6 Hz, 2H), 3.74 (s, 3H), 3.90 (s ,  
lH),6.36(d,J=2.3Hz, lH),6.43(dd,J=8.6,2.3Hz, lH), 
6.99(d,J=8.6Hz, IH); "CNMR(CDC13, i00MWzj6 13.9 
(CH3), 23.1 (CH2), 31.3 (CH,), 55.3 (CH3), 101.6 (CW, 
105.7 (CH), 120.5 (C), 130.6 (CH), 154.2 (C), 158.6 ( 0 ;  
MS (12 eV) d. 166 (M', loo), 137 (99); FIRMS Cakd for 
CIOHdh:  166.0994, Found: 166.0983. 

3-Methuxy-2-propylphenol(22): IK (neat) 3420 (br), 
3001, 1677, 1645, 1599, 1520, 1472, 1442, 1335, 1275, 
1225, 1119, 1060, 960, 942, 780, 730 cm-'; 'H NMR 
(CDCI,, 400 MHz) 60.94 (t, J =  7.7 Hz, 3H), 1.49-1.56 (m, 
2H), 2.58 (t, J=7.7  Hz, 219, 3.78 (s, 3H),4.72 (s, lH), 6.41 
(d, J =  8.2 Ilz, IH), 6.45 (d, J =  8.2 Hz, IH), 7.00(t, J = 8 . 2  
Hz, 1H); I3C NMK (CDC13, 100 MHz) F 14.2 (CHS), 22.3 

117.2 (C), 126.6 (CH), 1154.3 (C), 158.6 (C);  MS (12 eV) 
m/z 166 (M', loo), 137 (99); HRMS Calcd for CIOHI~OS 
166.0994, Found: 166.099I. 

(CW,), 2.5.0 (CHJ, 55.6 (CHs), 103.2 (CH), 108.2 (CH), 

Irradiation of 12 in Benzene 
A solution of 12 (1 19 mg) in benzene (15 InL) was ir- 

radiated for 2 h to yield, after isolation and purification by 
preparative TLC plates (ethyl acetiite : hexane = 1 : 801, 3- 
methoxy-2,6-dipropylphenol (23, 34 mg, 34%): IK (KBr) 
3550 (br), 1613, 1593,1492, 1464,1444, 1378,1325,1267, 
1223,1196,1163,1119,1061,965,920,885,853,792cm"; 
'H NMR (CDCL, 400 MHz) 6 0.97 (I, J =  7.3 Nz, 6H), 1.51- 
1.64 (m, 4W), 2.51 ( t ,J= 7.7 Hz, 2H), 2.59 ( t , J =  7.7 Hz, 
2H), 3.78 (s,'3H), 4.70 (s, IH), 6.49 (d, J=  8.3 k!~, Il-I), 6.86 
(d, J = 8.3 Hz, 1 H); I3C NMK (CDCl-J, 100 MHz) 6 14.0 
(CHj), 14.2 (CH3), 22.3 (CHZ), 23.0 (CH?), 25.5 (CHZ), 31.8 
(CHz), 55.5 (CHs), 102.5 (CH), 116.3 (CH), 120,4 (C), 
126,s (CH), 152.0 (C), 156.5 (C); MS (75 eV) d z  208 (M', 
20), l80(12), 179 (IOO), 149 (3), 121 (4), 91 (8). 

Irradiation of 13 in Benzene 
A solution of 13 (159 mg) in benzene (25 mL) was ir- 

radiated for 2 h to yield, after isolation and purification by 
preparative 'l'LC plates (ethyl acetate : hexane = 1 : 3, 7 
(28.5 mg, 21 %), which showed identical ' H  NMK, IR and 
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mass specua with those oS an authentic sample. 
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