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1NTRODUCTION 

Cycloheptatr~ene undergoes two dynamic processes, a) ring inverston and b) valence isomerization! 

Both theoretical4 and experimental5 treatments of this equilibria have continued to appear fn the 

literature up to the present day. The valence isomers cycloheptatriene and norcsradiene have been 

detected by dynamic 'WCKR spectroscopy In the cases of a few 7-substltuted cycloheptatrienes. Un- 

substituted norcaradlene has not been detected previously6. Its existence is accepted from the cy- 

loaddition reactions to cycloheptatriene (CHT), forming norcaradiene (NOR)-type adducts. 

Recently, it has been shcun that singlet oxygen is sufficiently reactive to intervene tn the CBT- 

NOR equilibrium via cycloaddition7. The ratios of CHT-NOR endoperoxldes qualitatively reflect the 

distribution of valence isomers in the 7-substituted cycloheptatrienes on the other hand, a powerful 

diehophlle, N-phenyl triazoline-dione (PTAD) gives only norcaradlene adducts, irrespective of the 

electronfc nature of the substttuents7. More recently8, the cycloaddition reactions of PTA0 with 7,7- 

dffluom- and 7,?-dialkoxy-1,3,5-cycloheptatrienes have been studied. Since, these substituents have 

strong electron-wfthdrawing ability, they should shift the CHT-NW4 equilibriun to the CRT-side. NOR- 

and WT-type adducts were observed, depending on the electronic nature of these substituents. 

The fomatioo of NOR-type adducts in cycloaddltion reactions has always been explained in tern of 
the addition of dianophiles wfth norcaradiene unit which is in equillbrim with cyclohaptatriene. A 

possfble alterfWiVe way for the formation of the NOR-adduct with PTAD fs a hmo-Diels-Alder addi- 

tion to cycloheptatrienei this has not previously been considered (Eq. 1). 

In order to obtain mm insight into this problem, we decided to study first the additjon of PTAD 

and singlet oxygen to a cycloheptatriene which does not bear any substituent at C-7 and which cannot 

equilibrate with 1t.s valence isomer. Therefore we chose for our studfes SH-benzocycloheptene (3). En 

the case of (3) one would not expect any hao-Dicls-Alder adduct, since the resonance energy of the 

benzene rfng will be lost on formation of the norcaradiene adduct, 
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(Eq.1) 

HOIID-DIELS-ALDER ADOITIOM 

RESULT AND DISCUSSIUN 

REACTION op SN-RBN~~~YCL~NEP~SNE WITH PTAD 

SH-Benzocycloheptene has been synthesized by re&ctCon of the known bWnzocycloheptene' (4) 

with BuLi. 

, 

Br 5 
2 

(4) (3) 

When a mixture of (3) and PTA0 in CH2Cl2 was reacted at ambknt teapcrature a sole (24) adduct 

(5) was obtained in a yield of 55% after recrystallization fron CH2Clp/petroleun ether. The structure 

of this adduct was deduced from its 'Ii-MR spectrum. The nethylene protons at C-4 show an AR-systen 

at 6 3.0-3.95 ppm. Both parts of this AB-system are further split by H-5. The olefinic protons ex- 

hibit absorptlons at 6 6.8 (t) and 6.4 (t) ppm. Bridgehead protons are at 6 5.25 ppn (H-5) and 

5.65 pprr with the expected splitting patterns. The arwaatic protons appeared as two separate singlets 

at 6 7.3 ppm (4H) and 7.65 ppn (SH). 

The fotuation of CHT-type adduct (5) indicates that PTAD can add exclusively to a cycloheptatriene 

unit in which the cycloheptatriene is not substituted at C-7. Whatever the addition mechanism, 

leading to HOR-type adduct. can be, 

i) cycloaddition of PTA0 to norcaradiene, equilibrating with cycloheptatriene, or 

ii) haw-Dlels-Alder addition, 

we were not able to detect any trace of NOR-type adduct. As nwntioned before, the fornation of NOR- 

type adduct would cause loss of the benzene ring resonance energy. Therefore, we can conclude that 

PTAD can add to cycloheptatriene systw which do not equilibrate with their valence isarcr. nor- 

caradienes. However, in the case of equilibrivl there is a colnpetition between cycloheptatriw and 

norcaradiene units to react with PTAO. Since the diene unit in NOR has a planar sttwcture, PTAD can 

add more easily to m)R than to the twisted diene unit in CHT. 

RBACTION Op SH-BKNZOCYCLOHEPT~NE WITH SINCLRT OXYGEN 

The tinifold aspects related to the photo-oxygenation of carbocyclic polyenes have twen extensl- 

vely investigated lo. Then the reactions of singlet oxygen with cyclic polyenes might be expected to 
11 give the cycloaddition process . For example. unsubstituted cycloheptatriene produces four typCS of 

12 adducts with singlet oxygen . 

The photo-oxygenation of Wbenrocycloheptene (3) was carried out by bubblfng of oxygen in carbon 

tetrachloride while irradiating by a 150 Yatt projector lamp in the presence of tetraphenylporphin 

as sensitizer. After 13 h of irradiation, 'H-W monitoring indicated complete consuption of (3). 

'H-M spectra of the crude material shwed that the endoperoxide was forned. besides amtic 
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(Fq.3) 

(8) (9) 

aldchydes.Careful silicagel chmtography of this mixture at 25'C, elutiri9 with CRCl3/petroleur 

ether (2~1). permitted the separation of naphthalcne, a-naphthaldehyde, endoperoxide (6) and dialde- 

hyde (7). respectively. Raphthalene and a-naphthaldehyde were characterized by CoWartJon with authen- 

tic samples. Careful lH-tMR studies of the reaction mixture before column chromatography indicated 

the absence of a-naphthaldehyde, showing that it was formed during chromatography. 

The structure of (6) was established on the basis of analytical and spectral data. The 'H-MN spec- 

trm, pattern of (6) was very similar to that of (5). The methylene protons gave rise to an M-system 

at 6 2.8-3.8 ppm, further split by the adjacent bridgehead proton H-4. A doublet at 8 5.1 ppn was 

assigned to the bridgehead proton H-l and a multiplet at d 4.75 to H-4. Double resonance experiment 

were needed to assign the olefinic protons. Irradiation at the bridgehead proton H-l caused a col- 

lapse of the triplet at 6 6.65 into a doublet. Therefore, the triplet at E 6.65 was assigned to H-2 

and the triplet at 5 6.35 to H-3. The aranatic protons gave a multiplet at 5 6.85-7.50 ppm. 

For additional structural proof we relied on chemtcal transfo~tion, the Cobalt-~so-tetra~enyl- 

porphyrin (CoTPPj-catalyzed rearrangement 13 , as illustrated in Eq, 4, Recently, we showed the appli- 
Cation of the CoTPP-catalyzed rearrangement to systems with strained or perturbed diene moieties which 

can form bis-epoxfdes in high yield 14 . Xe submitted the endoperoxide (6) to a CoTPP-catalyzed rear- 
rangement and obtained the desired epoxide (11) in quantitative yfeld. 

(Eq.4) 

Oialdehyde (7) could not be Isolated pure; it was always contaminated with o-naphthaldehyde, and 

was always partly condensed to the naphthaldehyde during chromatography. The characteristic lH-NMR 

data of (7) could be discerned In the spectrum of the mixture. The aldehyde protons gave two peaks 

at 6 9.1 (t) and 9.3 (d) ppm and the methylene protons appeared at 6 3.75 as a rfoublet. The foma- 

tion of I?) can be explained by ring cleavage of the dioxebne (10) which can originate from (2t2) 

cycloaddition of singlet oxygen to 5%benzocycloheptene. 

The photo-oxygenatlon of cycloheptatriene was also resulted in the fonnatlon of 5% benraldehyde 12 . 
Recent lar-temperature studies" have revealed that a 1.2dioxetane is precursor to the benzaldehyde. 
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Since the methylem! protons tn (7) are activated by a carbonyl group and benzene ring, (7) can 

easily under90 condensation reactions. Treatxmt of (7) with triethylanfne or stirring with St02 in 

CH2C12 at mm temperature fond a-naphthaldehyde exclusively. 

CHO 

(Eq.6) 

(7) (9) 

The origin of haphthslene formed during photo-oxygenation of (3) is obscure. A similar observa- 

tion ws also made in the cycloheptatriene system. Photo-o~genation of cyclohep~triene fomed, be- 

sides the endoperoxides,benzene fn a yield of 5XT2. The mechanism of its formation was not clarified. 

AS mentioned before, slnglet oxygen can intervene In the cycloheptatriehe-norcaradiene equilib- 
1 

rim and trap a norcaradiene concentration too small to detect eveh by dynamic H-NW. Photo-oxyge- 

nation of SH-benzocycloheptene provided only the cycloheptatriene adduct. Our results indicate that 
the norcaradfene fsmer is not in equilibrium wfth the 5H-~nz~ycloheptene. PTA0 also gave only the 

cycloheptatriene adduct. Thus we observe for the first tin non-divergent cycloaddition behaviour 

between PTA0 and singlet oxygen. When an equflibrium between cycloheptatriene and norcaradiene does 

not arise, the two dienophiles, PTA0 and singlet oxygen, react in & similar manner. 

One of the camen reactions of unsaturatedfj.Z.Z]bfcyclfc endoperoxides fs the them81 cleavage 

of the weak oxygen-oxygen bond follwd by addition of the oxygen radicals to the adjacent double 

bond to give bfs-epoxides with syn-configuration. However, this reaction can fom also some side 

products. One of these fs the formation of epoxy-ketones 16. Thennolysis of endoperoxfdes from stratned 

or perturbed diene mcfjcty is always accmpanied by side reactions. Such side reactions have been ob- 
17 

served recently in cycloheptatriene systms . 

The thermolysis of (6) should be interesting in view of these side reactions. Therefore, we sub- 

mitted endoperoxide (6) to themmlysis in a sealed tube. The thermal stability of endoperoxide (6) 

is quite high and heating at 21O'C in toluene for 1 h was needed in order to destroy it completely. 

The major product of the thermolysfs was the expected his-epoxfde (50%). The structure was estab- 

lished by cmpsrison of the physical dats of (11) which was formed by CoTPP-catalyzed rearrangement 

of (6). Bis-epoxide (11) was isolated and purified by silica gel calm chrmatography. 

0 ;t ’ 
(6) 

a di & + &0H (Eq.7 
21oo c 

(11) (12) (13) 

Significant was the observation that the crude thermolysate mixture shared also the presence of (12) 

and (13).Attemptto isolate (12) by colum chromatography failed. Presumably the silica gel CatalyzeS 

the ismerfzation of (12) to (13). since (12) possesses a B-v-epoxy-ketone miety. 

(Eq.6) 

Control experiemts revelead that the bis-epoxide (11) was stable under the themolysis condftfons, 

indicating that (12) and (13) are not secondary prrxfucts arising fm bis-epoxide (11). However, ther- 

molysis of epoxy-ketone (12) under the same reaction conditjons showed that the isofnerizatioh of (12) 
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to (13) occurs. Therefore. we can conclude that hydroxy-enone (13) is a secondary product frcan (12). 

B-v-Epoxy-ketones are also sensitive to bases. Treatraent of (12) with tricthylamine furnished (13) 

in quantitative yield. 

REACTION OF ENDOPltROXIDB 16) WITH .W?tg 
18 

Base-catalyzed decomposition of peroxides and hydroperoxides exemplify a general type of elinina- 

tion reaction which may be expected for compounds in which an anion or group X (capable of giving a 

relatively stable anion X') is attached to oxygen. The application of this reaction to bicyclic endo- 

peroxides resulted in the forwtion of hydroxy-ketone which can further be converted into interesting 

conpounds like diketones, dienones. etc. The triethylamine-catalyzed reaarrangement has successfully 
19 been applied to nany systems . 

(22 0 

\ 

\ ~ ): HEt3 

(13) w 

9 NEt3 - ( I 

4 (14) 

Therefore. we studied the triethylamfne-catalyzed reaction of the endoperoxide (6) at O'C. Sur- 

prisingly, we isolated the saturated diketone (14) instead of the expected hydroxy-ketone (13). Oi- 

ketone (14) was characterized by its spectral data. The lH-hHR spectrun consisted of a singlet at 

6 3.9 ppm (H-55'). and an AA'BB'-system at 6 2.5-3.3 ppn (H-22'. H-33'). Three of the arurmtic pro- 

tons absorbed at 6 7.0-7.6 ppn. the fourth at 6 7.75-8.05 ppn. The low-field aruaatic proton reso- 

nance is the result of the shielding effect of the carbonyl function. This indicates also the loca- 

tion of the carbonyl group. The IR spectrun with two carbonyl absorptions at 1715 and 1690 cm-' is 

in agreement with the proposed structure. To the best of our kncwledae this base-catalvzed reaction 

is unprecedented 
20 . 

To explain the mechanism of this interesting transformation, it would be reasonable to assume that 

the first step is the fornstion of hydroxy-enone (13) which can undergo further isomerization (Eq. 9). 

(h.9) 

Hydroxy-enone (13)was isolated by thermolysis of (6) as a side product, so that we had the possi- 

lility to check the above mentioned mechanism. The hydroxy-enone was treated under the same reaction 

:onditions with NEt3. No reaction was detected. Therefore, the formation of (13) as an intemtifate 

#as eliminated. The base-catalyzed reaction carried out in an NM tube. Monitoring of the reaction 

a9 : ’ ’ nEt3 
(8) (15) 

1 NEt3 
SCHEME I 

Q- 
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ligure 1. fi -W l prctra from tbo triathyl~ine- 
catalyxd reaction of wdoperoxidc (6). 
a) Endoperoxida/Triethylamine after 5 min. b) loo 
min. c) 154l min. d) 240 min. 
A) Reronaacer of the cndoperoxidsr (6) 
o) Raroruncer of the iotwmediata 
x) P~roaanccr of the dikaooc (14) 

with 'H-Ml indicated that the dikctone (14) was 

not a primary product. As one can see from tha 'H- 

NMl spectra (Figure 1) at first an intendlate 

Product was formed. From the spectra (spectrm c) 

we Could extract scne characteristic 'H-Ml data 

from the intemediate. As can be seen In Figure 1~. 

the endopcroxide resonances disappeami. Ye obser- 

ved peaks arising frcu the intenmdiata at 6 3.5-4.2 

ppm. an A&system (methyleoe protons), at 6 4.7-4.9 

bridgehead and alcoholic protons and at 6 5.7-5.9 

ppI. olefinic protons. Interesting feature of the 

A&ystm is the coupling constant Jgm- 16.0 Hr. 

This coupling has dropped fm 16 Hz in the endo- 

peroxide which indicates the existence of ring 

strain or ring contraction. In the light of these 

parameters we suggest structure (15) for the inter- 

mediate. and a mechanism for the rearrangamwt as 

outlined on Schema 1. Probably, the intemediate 

(15) can be transformed to a dienolate ion in which 

the removal of the bridgehead hydrogen and the ring- 

opening take place in a concerted reaction. 

The effect of the solvent on the mde of this re- 

action has been also investigated. The polarity of 

the solvent did not change the reaction. 

Independently, diketone (14) was also obtained 

by reaction of hydroxy-enm (13) with a catalytic 

amount of p-toluenesulfonic acid.' 

Ye attempted to generate 2.3~bemotmpone in a 

simple way. To our surprise, we isolated diketone 

in quantitative yield. 

The reaction mchanivl is depicted in Schew II. The internedlate bis-cool (16) can tautmerire 

cleanly into diketone (14). 



A similar observation has been made by Isler et al. *' who reported isorerization of the hydroxy- 

isophorcne to the dionr by refluxing a solution of hydroxyisphorone with a catalytic amount of TosoH 

in benzene. 

General kthods. Unless otherwise noted, material ware 
used without further purification. Ether, tetrahydrofuran 

obtained fm coPrrcrcia1 suppliers and uere 
and benzm were dist+lled from sodirn (po- 
chloride, triethylaminc were distilled frw tassiu-benzophenonc) IaPtdiately prior to use. Mthylana 

calcirro hydride prior to use. Boiling points and aelting points are uncorrected. 
, Infrared spectra (IR) uere datemined with Perkin Elmer 377 infrared recording spectrophotorPter. 
H-MR spectra were recorded with EM 360 Varian spectrometer. Hass spectra were recorded at the Uni- 
versity of Florida. 

sHIBenIocYc!oheetese22) 

EXPERIMENTAL SECTION 

To a solution of 3. 5 g (34 rmole) of 7-brcato-SH-benzocycloheptene (4) in 100 ml of freshly distilled 
THF was added at -70 C under nitrogen atmosphere a solution of 38 ml buthyllithiur (50 mole) in hexane 
over 45 min. The reaction was allomd to cm to -2OOC over 1 h with stirring, and then retooled to -700 
C at which point lo ml of H 0 was added slowly. After allowing the reaction to toe to rOOn tWWratWe 
a part of lHF was removed u der reduced pressure. i; To resulting mixture was added 100 ml of H 0 and 100 
ml of petrolern ether. The layers were separated, the aqueous layer reextracted two times wik 50 ml of 
PetmleUO ether and the combined o anic layers washed with water and dried over Ha SO . After rmval 
of solvent under rcdgced pressure 30°C) the oily residue was distilled a? 28 rm Hg. The frac- 
tion between 115-120 C afforded 3.5 g (72X colorless liquid. 

Cycloaddition of PTA0 to the SH-Benzocyclgheptene [3)23) _ _____________.________-_--_-_---____ _____ _ ___ 

To a stirred solution of 142 mg (1 rrnol) of SH-benzocycloheptene in 20 ml of CH Cl2 was added at room 
temperature in small portions 175 (1 rsnol) of the PTAC over a period of ca. 30 gin.. After stirring 
at room temperature for 6 h, the so vent was rotoevaporated and the solid residue was purified by Prepa- "7 
rative TLC (silica gel) using CHCl /petroleum ether (1:'). 
gave white crystals (55%) : mp: 19?-198OC ; 

Cr stalliration 
T 

from CH Cl /petroleum ether 
RS (70 eV). m/e 3 7 (63.6 I), 198 (7.13, 2177 (7.5). 155 

(11.5). 143 (12.6). 142 (100). 141 (75.4). '29 ('1.6). 128 (15.4). 119 (21.9). 115 (22.2). 9' ('0.8). 77 
(5.6). Anal. Clg~,502~3 (317.33) Calcd.: 71.91 C, 4.76 HI Found : C. 72.08; H, 4.68. 

Photo_oxYge_naIjo?_of_5H_~en_zocYclohqe_te~e_f2113! ________ 

To a rnaqnetically stirred solution of 1.5 g (10.5 nvnol) of SH-benzocycloheptene (3) in 150 mL of Ccl4 
was given cu. 50 

"% 
of tetraphenylporphyrine (TPP 

1 
as sensitizer. The solution was irradiated with a 

projector lamp (15 Yatt) at roost temperature whi e passing ontinuously a slow stream of dry oxygen 
gas. The progress of the photo-oxygenation was monitored by F_ H W until essentially complete consunp- 
tion of the sharting material. After 13 h the reaction ws completed. The solvent was rotoevaporated 
(15 mn Hg, 25 C) and the residue was chromatoqraphed on silica gel (50 g) at 25OC. eluting with CHC13/ 
petroleum ether (2:'). 
1. Fraction : 40 q (3%) naphthalene 
2. Fraction : 197 mg (12%) n-naphthaldehyde 
3. Fraction : CB. 1.0 mixture of endoperoxide (6) and a-naphthaldehyde 
4. Fraction : 380 mg mixture of a-naphthaldehyde and dialdehyde (4:'). 
Third fraction was rechromatographed on ca. 30 g silica gel elutina with CHCl /petroleum ether. After 
separation of a-naphthaldehyde as a first fraction, endoperoxide (6) was collected and the solvent was 
removed by rotoevaporation (15 ran Hg, 25OC) to give 720 "9 (39X) of (6). Crystallization from CH Cl / 
petroleun ether gave colourless crystals (560 mg. 30%) ; mp : 94-95OC, MS (70 eV). m/e 174 (2.8%3, 146 
(16.9). 145 (100). 131(21.0), 129 (24.8). 128 (43.2 127 (35.3) 117 (39.0). 116 (59.8). 115 (95.4). 
104 (23.4). Anal. CllH,002 (174.19). Calcd.: C 75. $: H 5.79. Fo;nd : C 75.34, H 5.88. 

ColPP2'-catalyzed Rearrangement of (6)23 ------------_ ___________ ______________ 

To a magnetically stirred solution of 100 mg (0.575 ml) of endoperoxide (6) in 10 mL of CH2C12 
was added a solution of 5 mg cobalt-meso-tetraphenylporphyrine in 3 mL of CH Cl at 10°C. After 
ccmlete addition (20 min.) the mixture was stirred for 1 h at roan tempcratu e. F 2 The solvent was roto- 
evaporated (15 run Hg. 30%). The residue was passed through 5 g silica 
lean ether (2:'). Rotoevaporation of the solvent gave the bis-epoxide ( 1) in quantitative yiald s 

el. eluting with CHCl /petro- 

(100 mg). Crystallization from CH Cl /petroleum ether gave colourless crystals. mp : 94-950C. Anal. 
C,,HIOOg (174.19) Calcd. : C 75.46, 2H 5.79. Found : C 75.68, H 5.91. 

Reaction of Oialdehyde (7) with NEt ------____--_-_--__ --- _ __-___-m-3 

To a magnetically stirred solution of 150 mg dialdehyde (7) and a-naphthaldehyde (isolated as last 
fraction from the photo-oxygenation reaction of (3)) mixture in 15 mL of CH Cl was added a solution 
of 20 mg NEt in 5 mL of CH Cl 

I&. 
The mixture was stirred for 30 min. at r At& rature. The solvent 

was evaporat 'H-MR spec?rua'of the oily residue showed the complete formation of a-naphthaldehyde 
as sole product in quantitative yield. 
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Reaction of Oialdchydc 171 with SiO ~--_----~_---_-~-_- --_ - __-______2 

To a magnetically stirred solution of 200 erg dialdehyde (7) and a-naphthaldehyde mixture in 50 nl 
;:sCH$la was given 10 1 silica gel. The mixture was stirred for 6 h at poem tenpcraturo. Silica gel 

lt red and the so vent was rotoevaporated. a-Naphthaldehyde was formed again in quantitative 
yield. 

Thermolysis of Endoproxide 161 ___M___ -_------~-- --__--__ - 

A solution of 250 mg (1.43 ~1) endoperoxide 66) in 5 mL of toluene was placed into a constrlcted 
test tube, sealed under vacwB. and heated at 210 C for,1 h. After cool(ng to room tmperature the 
solvent was rotoevaporated and the residue analyzed by H-IWR to assure coRplcte tranrformstion of 
edoperoxide (6). The theraolysate was submitted to silica gel (20 g) chroastography. Eluting with 
CHCl afforded as first eluate the bisepoxide (11) in 5oI yield. As second eluate, a mixture of epoxy- 
ketode (12) and hydroxy-enone (13) was isolated in 40X yield. Rechronatography of this eluate on 
silica gel, eluting with CHC13/petrolernn ether (1:l) gave as a sole hydroxy-enone (13 
Colourless liquid; IR (CM1 ) 3600-3500, 3OC0, 1640, 1380. 1100 cm -P 

rvuct, 
H-NMR (CM1 ) 6 2.5-3.b.(br 

s. OH), 3.0-3.7 (AB-System,32H), 4.3-4.7 (m, lH), 6.0-6.8 (A8-System,'ZH), 7.0-7.5 fm, M). 7.6-7.8' 
(a, 1H). 

NEt3-Catalyzed Reaction of Endoeeroxide i6j23 --- ------ -~-~~_-~-~~-_~~-_~-- _------_ _ -_ 

To a ma n,tically stirred solution of loo mg (0.575 ~1) of endoperoxide (6) in 5 al of methanol 

LZrFY’? 
7 was added a solution of 20 mg (0.2 rmol) of NEt tn 1 mL of methanol. The mixture was 

a room tanperature for 4 h. The reactlon was nonitared by TLC. The solvent was rotoevaporated 
to leave a colourless liquid. The product was passed through a short silica gel colum. eluting with 
CH Cl The solvent was rotoevaporated. Pure diketone 
legs ?iquid; l4S (70 eV) m/e 174 (looI), 146, i 

14) was obtained in quantitative yield. Colour- 
(52.2 

91 (48.5), 90 (83.3). 88 (48.7). Anal. CllH1002 (1 3 
, 1 5 (41.2). 131 (62.2). 119 (70.3). 118 (63.7). 
4.19). Calcd.: C 75.84, H 5.79. Found C 74.92, H 5.68 

Reaction of the Hydroxy-enone fl3) with NEt ---_--~-----~---_ ____ ----_-- _ _________3 

To a magnetically stirred solution of ca. 
was given 50 mg of NEt . 

50 mg (0.29 rmol) hydroxy-enone (13) in 20 nL of CH Cl2 

evaporated and the resqdue analyzed by H-NMR. The hydroxy-enone was unchanged. 
The mixture waf stirred at room temperature for 8 h. The solvent was ro ? o- 

Acid-catalyzed Reaction of Hydrou-enone fl3] -----_---_ --__--__-_-~-~-~~ --- ------- _- 

A mixture of 40 mg (0.23 mnol) of (13) and 5 mg (0.03 ml) of p-toluenesulfonic acid in 5 mL of 
dry benzene was refluxed for 2 h. The organic layer was washed with water and dried over f4gSO . After 
evaporation of the solvent and passing through a short silica gel column, dlketone (14) uas isdlated 
in quantitative yield. 
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