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n 
6-Aryl-8-dicarbonyl compounds carrying electron-releasing groups in the aromatic ring undergo efficient 
radical-mediated oxidative cyclisation to p-tetralones in the presence of four equivalents of manganese@) 
acetate in acetic acid. Secondary oxidation invariably results in acetoxylation at the benzylic a-position of 
the initially-formed P-tetralones. Use of the oxidant cerium(1v) ammonium nitrate in methanol affords the 
corresponding a-methoxylated fl-tetralones. The a-acetoxy-a-acyl-P-tetralones, but not their a-acetoxy-a- 
aikoxycarbonyl analogues, are aromatised in high yield on treatment with alkaline silica gel, providing an 
effective synthetic entry to appropriately substituted fl-naphthols. The possible involvement of such 
radical-mediated intramolecular annulations of 6-aryl p-diketone intermediates in the biosynthetic 
formation of the second carbocyclic ring of the naphthalenoid ansamycin antibiotics is discussed in 
relation to the previously proposed Michael addition mechanism. 

The macrocyclic lactam antibiotics of the ansamycin group 
display a broad spectrum of biological activity, various repre- 
sentatives being effective against bacteria, fungi, viruses, proto- 
zoa and some cancers.' Rifampicin, a semisynthetic derivative 
of the natural antibiotic rifamycin SV, is widely used in the 
chemotherapy of the mycobacterial infections tuberculosis and 
leprosy. The biosyn thesis of these antibiotics in producing bac- 
teria of the genera S~replm~yces and Nocarcliu has been studied 
extensively,2 and stems from the key biosynthetic precursor 3- 
amino-5-hydroxybenzoic acid (AHB) 1 . 394  This unusual non- 
protein amino acid initiates the enzymic formation of the 
polyketide skeleton, which is extended by the sequential add- 
ition of propionate and acetate units, with appropriate adjust- 
ment of functionality (Scheme l).' Upon completion of the 
skeleton 2, the terminal carboxy group acylates the amino func- 
tion of the initiating AHB unit to form the characteristic 
lactam system 3. While this process leads directly to ansamycins 
of the benzenoid 3 (and benzoquinonoid 4) subgroup, those of 
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the naphthalenoid (and naphthoquinonoid) subgroup raise the 
problem as to how their second carbocyclic ring is formed. 

All known ansamycins of the naphthalenoid subgroup carry 
oxygen functionality at the position puru to the original phen- 
olic hydroxy group of AHB. Accordingly, we have suggested 
that their biosynthesis proceeds by oxidation of a phenolic 
lactam (3, Scheme 1) to a benzoquinonoid intermediate 4.5 
Michael addition of an unreduced P-dicarbonyl system, already 
appropriately sited in the ansa chain, then closes the second 
carbocyclic ring. The resulting naphthoquinols 5, or their naph- 
thoquinonoid oxidation products 6, would then carry nuclear 
substituents typical of the ansamycin antibiotics. Biomimetic 
synthesis has provided circumstantial evidence for such a bio- 
synthetic pathway. 'A 

The present work investigates an alternative to this Michael 
addition pathway from benzeiioid ansamycins to their naph- 
thalenoid counterparts (Scheme 2). This alternative involves 

7 

Scheme 2 An alternative biosynthetic route to naphthalenoid 
ansaniycins vicr radical cyclisation 

radical-mediated cyclisation of the J3-dicarbonyl system present 
in the ansa bridge onto the phenolic ring of the lactam 3, to 
form the second carbocyclic ring of the tetralone intermediate 
7. Oxidation p u m  to the original phenolic hydroxy group of 
AHB would then follow, rather than precede, carbocyclic ring 
closure, to yield the appropriately substituted naphthalenoid 5 
and naphthoquinonoid 6 ansamycins. 

Prior to commencement of the present work, the only 
examples of the intramolecular addition of P-dicarbonyl rad- 
icals to aromatic rings were those reported by Kende and co- 
worker~ .~  Oxidation with alkaline potassium hexacyanofer- 
rate(ri1) or hexachloroiridate of phenols carrying carbon chains 
terminated by enolisable carbocyclic or heterocyclic p- 
diketones gave five- and six-membered annulation products, 
generally in moderate to good yields. Acyclic P-diketones were 
not studied by these authors, however, while acyclic P-keto 
esters and malonates failed to ~yclise.~' In contrast, olefinic 
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P-keto esters:.' olefinic malonates and several olefinic 0- 
diketones Hc.9 had been cyclised effectively with the one-electron 
oxidant manganese(ii1) triacetate. We therefore examined the 
application of this reagent to the oxidative cyclisation of 
aromatic P-dicarbonyl systems, as a biomimetic model for the 
crucial cyclisation of the phenolic lactam 3 to the tetralone 7 in 
the alternative biosynthetic route to naphthalenoid ansamycins 
(Scheme 2). During the course of this study, other authors have 
described the use of manganese(ii1) acetate for the oxidative 
cyclisation of acyclic b-keto esters I '  and malonates,I2 and 
two carbocyclic P-diketone~,'~ directly onto aromatic rings. 
Cerium(iv) and iron(iii) salts have also been reported for this 
purpose with P-keto esters I '  and mal~nates, '~ respectively. 

Results and discussion 
Synthesis of the 6-aryl-p-dicarbonyl compounds 
The 6-aryl P-diketones 8, 9 and 11-13 and the 6-aryl-P-keto 
ester 16 were synthesised in good to excellent yields by alkyl- 
ation of the dilithio-enolates of heptane-3,5-dione, pentane-2,4- 
dione, and ethyl acetoacetate with the appropriately substituted 
benzyl bromides. Hydrogenolysis of the benzyl ether 9 afforded 
the phenolic P-diketone 10. The 6-hydroxy-6-aryl P-diketone 14 
and its P,F-triketone analogue 15 were prepared in high yields 
by aldol and Claisen reactions, respectively, with the dilithio- 
enolate of pentane-2,4-dione. N MR Spectroscopy indicated 
that the diketones 8-14 and the triketone 15 all existed pre- 
dominantly in H-bonded enolic forms, in contrast to the non- 
enolised keto ester 16. 

The required 2-benzyloxy-3-methoxy-, 3,Sdimethoxy- and 
3,5-dibenzyloxy-benzyl bromides 17, 18 and 19 were in turn 
prepared efficiently from the readily available o-vanillin, 3,5- 
dimethoxybenzaldehyde and 3,5-dihydroxybenzoic acid, viu 
bromination of the respective benzyl alcohols. Although bro- 
mination of 2-benzyloxy-3-methoxybenzyl alcohol could be 
effected satisfactorily with N-bromosuccinimide in the presence 
of dimethyl sulfide,15 the same reagents caused selective ring 

R' R2 R3 R' Rz R3 
8 H H H  13 OMe OMe H2 
9 OBn OMe H 14 OMe OMe H,OH 
10 OH OMe H 15 OBn OBn =O 
11 H OBn OBn 
12 H NHAcOBn 

OBn 

0 q@ 
A 0 OEt 

16 

R' 

I 

R3 OBn 

R' R2 R3 21 R-OH 
17 OBn OMe H 22 R = B r  
18 H OMe OMe 
19 H OBn OBn 
20 H NHAc OBn 

bromination with the more electrophilic 3,5-dibenzyloxybenzyl 
alcohol. Thus one equivalent of the reagents gave 2-bromo- 
3,5-dibenzyloxybenzyI alcohol 21 in 8 1% yield, while two 
equivalents gave 2- bromo-3,5-di benzylox y benzy I bromide 22 
in 66%) yield. The use of carbon tetrabromide in the presence 
of triphenylphosphine, however, afforded the desired 33- 
dibenzyloxybenzyl bromide 19 in 92% yield. 3-Acetylamino-5- 
benzyloxybenzyl bromide 20 was synthesised from methyl 3- 
amino-5-hydroxybenzoate l 6  vici selective benzylation of the 
phenolate anion.6 

Oxidative cyclisation of the 6-aryl-p-dicarbonyl compounds 
The 6-aryl-P-dicarbonyl compounds 8-1 6 were treated under 
standardised conditions with 4.2 equiv. of anhydrous mangan- 
ese(iri) acetate in acetic acid at room temperature for 22 h under 
argon. The yields of the resulting p-tetralones, and of p- 
naphthols when formed, are shown in Table I .  In all cases the 
tetralones isolated were acetoxylated at the benzylic position. 
This results from secondary oxidation of the ini tially-formed 
enolisable tetralones by the excess of manganese(iii) acetate, 
and subsequent reaction with the solvent. Similar benzylic oxid- 
ations have been observed by Citterio and co-workers during 
cyclisation of p-keto esters onto aromatic rings. " The naph- 
thols arise by elimination of acetic acid from these tetralones. 

The 6-phenyl P-diketone 8, the aryl ring of which bears no 
other substituents, failed to react under the standard condi- 
tions. The reaction was still substantially incomplete after the 
same time at 60°C, but coupled gas chromatography-mass 
spectrometry (GC-MS) indicated the presence of small 
amounts of the two diastereomeric tetralones 23 (ca 9'!4), the 
naphthol 32 (L'LI. 6%) and 2-methyl-3-phenylpropanoic acid 
(5%), together with starting diketone (46%) and much unchar- 
acterisable material. The naphthol probably arises in this case 
by thermal aromatisation of the acetoxylated tetralones during 
the oxidation reaction. The unreactivity of this diketone 8 is in 
accord with the work of Aidhen and Narasimhan on carbocy- 
clic P-diket~nes,'~ and of Citterio and co-workers on acyclic p- 
keto esters and malonates,I2 who showed that manganese(i1i)- 
mediated cyclisation is greatly facilitated by the presence of  
electron-releasing groups 011 the aromatic ring, especially when 
nietii to the dicarbonyl substituent. With 6-aryl P-diketones in 
particular, the cyclisation process is effective only when the ring 
is sufficiently electron-rich, in agreement with the electrophilic 
nature of the radical. When this is not the case, alternative 
oxidation and oligomerisation processes dominate. 

The remaining 6-aryl-P-dicarbonyl compounds 9-16 all carry 
two electron-releasing groups on the aromatic ring, at least one 
and sometimes both of which are iiiettr to the dicarbonyl sub- 
stituent. All these substrates under the standard oxidation con- 
ditions gave good (66%) to excellent (93%) yields of cyclisation 
products, except for the phenolic P-diketone 10 and the P,S- 
triketone 15, from which no cyclisation products could be 
isolated. 

Table 1 
pounds 8-16" 

Radical mediated cyclisation of 6-aryl-P-dicarbonyl com- 

Substrate Tetralone Yield (%) Naphthol Yield (%) 

8 
9 

10 
I 1  
12 
13 
14 
15' 
16 

23 
24 
25 
26 
27 
28 
29 

36 
- 

0 ( 9 I b  
56 
0 

93 
93 
71 
95 

81 
- 

32 " 0 c6)b 
33 I 1  

0 
34 0 
35 0 

0 
0 

38 0 
41 0 

- 

- 
- 

~ 

(' Standardised reaction conditions at room temperature. The same 
reaction conditions, but at 60 "C. Probably formed thermally during 
the reaction. Probably formed during gravity chromatography. ' The 
initial cyclisation product would be the naphthol tautomer 38. 

2604 J Chem. SOC., Perkin Trans. I ,  I994 
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R’ R1 

R’ R2 R3 R‘ R2 
2 3 H  H H 28 H2 AC 
24 OBn OMe H 29 H,OH Ac 
25 OH OMe H 30 H2 Me 

27 H NHAc OBn 
26 H OBn OBn 31 Hz H 

R’ OBn 

HO Q+JR2 0 JJ7-y 
ROrA 
0 OEt 

R’ R2 R3 36 R = AC 
3 2 H  H H 37 R = H  
33 OBn OMe H 
34 H OBa OBn 
35 H NHAc OBn 

The 2,3-dialkoxyphenyl diketone 9 yielded the diastereomeric 
tetralones 24 and the aromatised naphthol 33 in 56% and 11% 
yield, respectively, together with 2 1% recovery of starting 
material. Aromatisation in this case may have occurred through 
extended contact with silica gel during gravity chromatography, 
since the use of dry flash chromatography in subsequent reac- 
tions appeared to avoid such products. Repetition of the reac- 
tion with 2.2 equiv. of hydrated manganese(ir1) acetate l7 under 
air, not argon, afforded 3-(2-benzyloxy-3-methoxyphenyl)-2- 
methylpropanoic acid in 83% yield. This acid probably arises 
from interception of the initially-formed P-dicarbonyl radical 
by molecular oxygen and decomposition of the resulting 
hydroperoxide,’* and its structure was confirmed by synthesis 
from propanoic acid. 

The P-keto ester 16, carrying the same 2,3-dialkoxyphenyl 
substituent as the P-diketone 9, cyclised smoothly under stand- 
ard conditions to the acetoxylated tetralone 36 in 81% yield. In 
contrast to the diketone, however, the keto ester wheii reacted 
with 2.2 equiv. of hydrated manganese(ri1) acetate in air gave 
some tetralone (14%), together with the corresponding oxid- 
ative cleavage product 3-(2-benzyloxy-3-methoxyphenyl)pro- 
panoic acid (50%). 

The 2-hydroxy-3-methoxyphenyl diketone 10 corresponding 
to the dialkoxyphenyl diketone 9 gave intractable material 
under the standard oxidation conditions, while some starting 
material (7%) only was isolated on halving the quantity of oxi- 
dant. The tetralones 25 could not be detected. Manganese(1rr) 
acetate is known to oxidise phenols to phenoxyl radicals, result- 
ing in oligomerisation and polymeri~ation,~’”~ and we are 
unaware of any successful cyclisations of phenolic P-dicarbonyl 
compounds with this reagent. 

High yields of the acetoxylated tetralones 26-28 resulted 
from oxidation of the 3,5-disubstituted phenyl P-diketones 11- 
13 under standard conditions, regardless of the extent of 
methyl substitution around the diketone, the nature of the aryl 
ether substituents, or the replacement of an ether group by an 
acetamide (cf Table 1). As expected for electrophilic substitu- 
tion of an acetamide, cyclisation onto the asymmetrically sub- 
stituted phenyl ring of the diketone 12 occurred regiospecifi- 
cally puru to the acetamide function, affording the tetralones 27 
in 93% yield. Oxidative cyclisation to the tetralones 29 was also 
unaffected by the presence of the benzylic alcohol function in 
the substrate 14. 

In contrast, however, the 6-aryl P,&triketone 15 yielded 

uncharacterisable material together with trace amounts of 3,5- 
dibenzyloxyacetophenone and 3,5-dibenzyloxybenzoic acid. 
These fragments presumably arise from oxidative cleavage ’’ at 
the P- and 8-carbonyl groups, the former with decarboxylation 
of the resulting P-keto acid. Cyclisation in this case would yield 
an initial tetralone which, without acetoxylation, would tauto- 
merise rapidly to the dihydroxynaphthalene 38. Since such a 
naphthol would be expected to oxidise readily in the presence of 
the excess of manganese(ii1) a ~ e t a t e , ” ~ ” ~ ~ ~  the reaction was 
repeated using 2.2 rather than 4.2 equiv. of oxidant, but with 
the same result. Consequently, it is unclear whether the failure 
of this reaction is due to the presence of an alternative diketone 
site for radical formation, to electronic deactivation of the aryl 
ring, or to oxidative decomposition of the initial cyclisation 
product. 

During the course of this work, Citterio and co-workers 
reported cerium(rv) ammonium nitrate to be more efficient 
than manganese(ii1) acetate for the oxidative cyclisation of 6- 
aryl-P-keto esters, giving moderate yields of tetralones under 
milder conditions without the need for a correctly nietu- 
positioned electron releasing group on the aromatic ring.” The 
3,5-dimethoxyphenyl diketone 13 was therefore subjected to 
oxidation with the cerium(rv) reagent in methanol, for com- 
parison with the manganese(ri1) process above. Provided that 
the crude reaction extract was washed with aqueous sodium 
hydrogen carbonate before concentration, in order to remove 
traces of the nitric acid produced in the reaction, the methoxy- 
lated tetralone 30 could be obtained in 80% yield. If the wash- 
ing step was omitted, varying yields of this tetralone 30 (26- 
41%) and its hydroxylated analogue 31 (17-360/;1) were 
obtained, and in lower total yield (cu. 60%). The methoxylated 
tetralone 30, like the acetoxylated tetralones from the mangan- 
ese(rr1) reactions, arises from secondary oxidation at the benzylic 
position of the initially-formed enolisable tetralone.” When 
concentrated from solution containing a trace of nitric acid, it 
was partially converted into the hydroxylated tetralone 31 and 
decomposed further on standing. 

Structure and aromatisation of the tetralones 
The tetralones containing two stereogenic centres, 23,24,26,27 
and 29, were formed as mixtures of two diastereomers in 
approximately I : 1 ratio as measured by ‘H N M R  spectroscopy 
(or GC-MS for the tetralones 23), except for the acetamido- 
tetralones 27 where the diastereomer ratio was 1.3 : I .  Separation 
of these mixtures was not attempted, except in the cases of the 
6,8-dibenzyloxytetralones 26 and the hydroxytetralones 29 
where dry flash chromatography afforded individual diastereo- 
mers. The structures of all tetralones were confirmed by spectro- 
scopic and analytical data. Where benzyl ether groups were 
present in the 5 or 8 positions of the tetralones, their benzyloxy 
methylene protons invariably showed diastereotopic NM R 
behaviour, resulting either from restricted rotation or the pres- 
ence of a stereogenic centre in the adjacent hydroaromatic ring. 
Thus the 6,8-dibenzyloxytetralone diastereomers 26 each 
showed two distinct benzyloxy methylene systems, one a two- 
proton singlet, the second an AB system with J c‘u. 1 1 Hz. This 
characteristic N M R  feature confirmed the two tetralones 
formed on oxidative cyclisation of the diketone 12 as the 
expected 6-acetamido-8-benzyloxy diastereomers 27, rather 
than the alternative 8-acetamido-6-benzyloxy regioisomers. 

The acetoxylated tetralones tended to aromatise to the 
corresponding naphthols during extended chromatography on 
silica gel, as mentioned earlier for the tetralones 24. Initial 
attempts to separate the diastereomeric 6,8-dibenzyloxy- 
tetralones 26, by gravity chromatography on neutral silica gel, 
resulted in complete conversion into the naphthol 34. The use 
of silica gel buffered at pH 4 or 10, or Florid, also caused sub- 
stantial aromatisation. For preparation of the naphthol itself, it 
was convenient to stir the crude product mixture from oxidative 
cyclisation of the 3,5-dibenzyloxyphenyI P-diketone 11 with 
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silica gel buffered at pH 10 in dichloromethane. This afforded 
the naphthol 34 in 68% overall yield. Similar treatment of the 
acetoxylated tetralones 24 and 27 gave the naphthols 33 and 35 
in 81 and 80% yields. In contrast, the attempted elimination 
with basic silica gel of acetic acid from the hydroxytetralones 
29, in order to obtain the dihydroxynaphthalene 39, resulted 
only in dehydration and hydrolysis to the naphthalenone 40 in 
77% yield. The acetoxylated tetralone ester 36 partially aroma- 
tised to the naphthol 41 (20%) under these conditions, but 
hydrolysis of the acetate to form the hydroxylated tetralone 37 
in 75% yield was favoured. Citterio and co-workers have aroma- 
tised differently substituted tetralone esters by adsorption on 
silica gel and heating in refluxing benzene." 

OH 

38 R = B n  
39 R = M e  

OBn 

40 

A 
0 OEt 

41 

Conclusions 
The present work establishes an efficient radical-mediated oxi- 
dative cyclisation of 6-aryl-P-dicarbonyl compounds to 0-tetra- 
lones. The annulation process promoted by manganese(it1) 
acetate in acetic acid requires the presence of electron-releasing 
groups on the aromatic ring. The cyclisation is invariably 
followed by secondary oxidation and attack by solvent at the 
benzylic a-position of the initially-formed p-tetralones. The 
resulting a-acetoxy-a-acyl-P-tetralones, but not their a-a1 koxy- 
carbonyl analogues, can be readily aromatised to 0-naphthols. 
The two-stage sequence constitutes an effective synthetic entry 
to appropriately substituted naphthols. 

This cyclisation of S-aryl P-diketones to P-tetralones (exclud- 
ing the subsequent acetoxylation) also suggests the viability of 
a radical-mediated mechanism for the possible biosynthetic 
conversion of ansamycin antibiotics of the benzenoid group 
into those of the naphthalenoid group (Scheme 2). In particu- 
lar, the model cyclisation in high yield of the diketone 12 to the 
tetralone 27 parallels closely the hypothetical biosynthetic 
cyclisation of the macrocyclic lactam 3 to the tetralone 7. The 
model and natural systems carry similar relevant functionality, 
apart from the question of the undefined oxidation level at the 
benzylic position of the lactam 3. The radical-mediated cyclis- 
ation is clearly viable with a methylene or secondary alcohol 
group at this site, as shown by the diketones 8-13 and 14, 
respectively. Either functionality in the lactam intermediate 3 
could lead to the 8-deoxy naphthalenoid ansamycins, although 
the former is biosynthetically less likely. Naphthalenoid 
ansamycins carrying an 8-hydroxy group, however, are known 
to be derived from intermediates that retain carboxyl oxygen of 
the primary precursor AHB (l), presumably at the carbonyl 
oxidation leveL4 We have been unable to demonstrate radical- 
mediated cyclisation in a model S-aryl P,S-triketone of this type 
(15), and would therefore have to invoke specific enzyme con- 
trol of the process in this case. This limitation, together with the 

fact that all naphthalenoid ansamycins known to date have 
oxygen introduced at the 1-position, leads us to favour bio- 
synthetic annulation by the previously proposed Michael add- 
ition route (Scheme 1). 

Experimental 
General procedures 
Melting points were determined on a Reichert hot-stage appar- 
atus and are uncorrected. UI traviolet and visible spectra were 
recorded on Hewlett-Packard 8450A or Varian DMS 90 spec- 
trophotometers, infrared spectra on Perkin-Elmer 683 or 1800 
(FT) spectrophotometers. N M  R Spectra were recorded on 
JEOL JNM FX 200, Varian XL 200E, Varian Gemini 300, and 
Varian VXR-500 spectrometers. All NM R spectra unless 
otherwise indicated were recorded in CDCI, which had been left 
over potassium carbonate to remove acid and water, using 
tetramethylsilane or the solvent signal (CHCI, 6 7.26) as 
internal reference. Coupling constants (J) are given in Hz. Elec- 
tron impact and chemical ionisation (CI, NH3) mass spectra 
were recorded on a VG Micromass 7070F spectrometer. The 
molecular ion (M+), if present, and peaks with intensity greater 
than 20% of the base peak are reported, unless additional data 
are pertinent. High resolution mass spectra (HRMS) were 
obtained from an AEI MS 902 instrument. Gas liquid 
chromatography-mass spectroscopy (GC-MS) was performed 
on a Hewlett-Packard 5890 gas chromatograph with a 12 
m x 0.2 mm HP-1 capillary column coupled to a Hewlett- 
Packard 5970 mass spectrometer employing electron impact 
ionisation. Microanalyses were carried out by the Australian 
National University Microanalytical Service. 

Where necessary, solvents and reagents were purified and 
dried according to the procedures of Perrin and Armarego." 
Most organic solvents were distilled before use. Petroleum spirit 
refers to the fraction with bp 40-60 "C. Manganese(rr1) acetate 
dihydrate was obtained from Aldrich, cerium(rv) ammonium 
nitrate from Ajax Chemicals (AR grade). Anhydrous mangan- 
ese(rri) acetate and cerium(rv) ammonium nitrate were prepared 
by drying over P205, it? vacuo, for at least 24 h. The molarity of 
solutions of butyllithium in hexane was determined by titration 
against 2,5-dimethoxybenzyl alcohol according to the method 
of Winkle and co-workers.22 All organic extracts were dried 
over anhydrous magnesium sulfate, unless otherwise indicated, 
and solvents removed in i?cic'iio on a rotary evaporator. 

Gravity and flash chr~matography~~ were carried out using 
230400 mesh silica gel. Dry flash chromatography" was per- 
formed using Merck 60 PFzS4 (7747) or 60 HF,,, (7739) silica 
gel. For thin layer chromatography, 0.25 mm Merck silica gel 60 
F,,, plates were used for analytical purposes and 0.5 mm or 
1 mm for preparative work. Thin layer chromatograms were 
visualised under UV light, or by spraying with 13'% vanillin in 
sulfuric acid, followed by heating at 200 "C. 

Acid-washed silica gel was prepared by stirring a slurry of 
silica gel (100 g, 230-240 mesh) and hydrochloric acid (0.1 M, 
500 ml) for 30 min. The silica gel was collected by filtration, 
washed with water until the filtrate was at the required pH, and 
then activated by heating at 105-1 10 "C for 16 h. Base-washed 
silica gel was prepared by stirring silica gel (100 g, 230-240 
mesh) with aqueous ammonia (25'%1, 500 ml) for 30 min, fol- 
lowed by treatment as above. 

Preparation of dilithio-enolates 
Dilithio-enolates (10.0 mmol) were prepared by the fairly rapid 
dropwise addition of the dicarbonyl compounds (10.0 mmol) to 
vigorously stirred solutions of lithium diisopropylamide (21 .O 
mmol) or lithium 2,2,6,6-tetramethylpiperidide (21 .O mmol) 
(prepared at 0 "C from equimolar quantities of butyllithium 
and diisopropylamine or 2,2,6,6-tetramethylpiperidine) in dry 
THF (3040 ml) at 0 "C. The colourless solutions were main- 
tained at that temperature for 45 min before use. 

2606 J. Clienz. SOC., Perlcin Trans. I ,  I996 
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2-Methyl-1 -phenylheptane-3,5-dione 8 
Benzyl bromide (1 .O g, 5.8 mmol) in dry tetrahydrofuran (THF) 
(20 ml) was added to a solution of dilithioheptane-3,5-dione 
(6.0 mmol) in THF (15 ml) (prepared from lithium diiso- 
propylamide and heptane-3,5-dione) under argon at -20 "C. 
The solution was then equilibrated to room temperature and 
stirred for 1 h. Work-up as for the diketone 9 afforded an 
orange oil, which was purified by flash chromatography 
(hexane-dichloromethane, 1 : 1) to give 2-metlzyl- 1 -plienyl- 
l1eptune-3,5-dione 8 (1 .O g, 80%) as a pale yellow oil (Found: C, 
77.2; H, 8.4. Calc. for C,4H1X02; C, 77.0; H, 8.3%); vmax(film)l 
cm-' 2970, 1610, 1455, 695; 6&00 MHz) 7.34-7.10 (m, 5 H, 
Ph), 5.40 (s, 0.9 H, 4-H of the enolic form), 3.44 (s, 0.2 H, 4-H, 
of the keto form), 3.1 1-2.90 (m, 1 H, 1-H), 2.72-2.50 (m, 2 H, 
I-H and 2-H), 2.27 (q, J7 .6 ,2  H, CH,CH,), 1.20-1.05 (m, 6 H, 
2-CH3 and CH2CH3 in keto and enolic forms); Sc(50.3 MHz) 
(enolic form) 196.5 (s, CO), 196.2 (s, CO), 139.5 (s, Arc-I), 128.9 
(d, 2 x ArCH), 128.2 (d, 2 x ArCH), 126.1 (d, Arc-4), 97.5 

(9, 2-CH3), 9.0 (q, C-7); ml: 218 (M', 6%), 99 (CH3CH,CO- 
CH,CO+, loo), 91 (C,H,', 81), 57 (CH,CH,CO', 31). 

(d, C-4), 43.7 (d, C-2), 39.5 (t, C-l), 31.1 (t, C-6), 16.6 

1 -(2-Benzyloxy-3-methoxyphenyl)-2-methyIheptane-3,5-dione 9 
The benzyl bromide 17 (0.20 g, 0.65 mmol) in dry THF (4 ml) 
was added dropwise to a solution of dilithioheptane-3,5-dione 
(0.80 mmol) in THF (4 ml) (prepared from lithium diisopropyl- 
amide and heptane-3,5-dione) at -30 "C under argon. The 
solution was then allowed to equilibrate to room temperature, 
and after 1 h was quenched with 20% aqueous sodium di- 
hydrogen orthophosphate and extracted with ethyl acetate. The 
extracts were washed with saturated aqueous ammonium 
chloride, dried (Na,S04) and concentrated to provide a yellow 
oil. Flash chromatography of the oil (pentane-dichloro- 
methane, 1 : 1 ) yielded 1 -(2-bmzyIoxy-3-metlroxyplienyC)-2- 
metlzyllieptune-3,5-ciione 9 (0.21 g ,  91%) as a pale yellow viscous 
oil (Found: C, 74.5; H, 7.2. Calc. for C22Hx04: C, 74.5; H, 
7.4%); v,,,(film)/cm-' 171 0, 1600, 1585, 1478, 1460, 1273, 1082, 

OCH2PIi), 7.05-6.70 (m, 3 H, Ar 4-H, Ar 5-H and Ar 6-H), 
5.32 (s, 0.9 H, 4-H of the enolic form), 5.03 (s, 2 H, OCH,Ph), 
3.90 (s, 3 H, OCH3), 3.36 (d, J 2.2, 0.2 H, 4-H, of the keto 
form), 3.05-2.90 (m, 1 H, 1-H), 2.75-2.60 (m, 2 H, 1-H and 

CH,CH,), 1.06 (d, J 6.8, 3 H, 2-CH3); &(50.1 MHz) (enolic 
form) 197.0 (s, CO), 195.5 (s, CO), 152.7 (s, Arc-3 or Arc-2), 
146.8 (s, Arc-2 or Arc-3), 138.0 (s, Ph), 133.7 (s, Arc-I), 
128.3 (d, Ph), 128.2 (d, Ph), 128.0 (d, Ph), 123.7 (d, Arc-5 
or Arc-6), 122.8 (d, Arc-6 or Arc-5), 110.8 (d, Arc-4), 97.6 
(d, C-4), 74.5 (t, OCH,), 55.7 (q, OCH,), 42.7 (d, C-2), 34.7 
(t, C-l), 31.5 (t, C-6), 16.9 (q, 2-CH3), 9.6 (q, C-7); i n k  354 

(CH ,CH ,CO+, 62). 

750; dH(200 MHz) 15.50 (br S ,  0.9 H, OH), 7.60-7.30 (m, 5 H, 

2-H), 2.24 (9, J 7.6, 2 H, CHZCH,), 1.08 (t, J 7.6, 3 H, 

(M', 2%), 99 (CH3CH2COCH,CO+, 36), 91 (C7H7+, loo), 57 

1-(2-Hydroxy-3-methoxyphenyl)-2-methylheptane-3,5-dione 10 
The diketone 9 (50 mg, 0.14 mmol) in ethanol (10 ml) was 
hydrogenated over 10% palladium on charcoal (20 mg) until 
1 mol equiv. had been absorbed. The catalyst was removed by 
vacuum filtration through a small plug of acid-washed silica gel 
and the filtrate was evaporated to dryness. The crude product 
was purified by gravity chromatography (acid-washed silica gel; 
increasing polarity from pentane to dichloromethane) to give 
1 -(2-liydro,uy-3-~~retlioxyplienyl)-2-1i~etltyllieptune-3,5-~iione 1 0 
(26 mg, 70%) as a pale yellow oil (Found: C, 68.3; H, 7.9. Calc. 
for CI5HZ0O4: C, 68.2; H, 7.6%); v,,,(film)/cm-' 3450, 2975, 
2940, 1595, 1480, 1270, 1080; 6,(200 MHz) 6.77-6.59 (m, 3 H, 
Ar 4-H, Ar 5-H and Ar 6-H), 5.82 (br s, 1 H, OH), 5.47 (s, 0.85 
H, 4-H of the enolic form), 3.87 (s, 3 H, OCH3), 3.55 (s, 0.30 H, 
4-H2 of the keto form), 3.0 (m, 1 H, 1-H), 2.80-2.60 (m, 2 H, 
1 -H and 2-H), 2.28 (9, J 7.6,2 H, CH,CH,), 1.15-0.90 (m, 6 H, 
2-CH3 and CH,CH, in keto and enolic forms; Sc(50.3 MHz) 

(enolic form) 197.6 (s, CO), 195.5 (s, CO), 146.3 (s, Arc-3 or 
ArC-2), 143.7 (s, Arc-2 or Arc-3), 125.5 (s, Arc-I), 123.1 
(d, ArCH), 119.1 (d, ArCH), 108.7 (d, ArCH), 97.6 (d, C-4), 
55.9 (q, OCH,), 42.3 (d, C-2), 34.0 (t, C-l), 31.4 (t, C-6), 17.2 
(q, 2-CH3), 9.6 (q, C-7); ink 264 (M', 23%), 192 (M' - 
CH,CH2COHCH2, 30), 164 (52), 137 (ArCH,', loo), 99 
(CH3CH2COCH,CO', 57), 57 (CH,CH,CO', 48). 

1 -(3,5-DibenzyloxyphenyI)-2-methyIheptane-3,5-dione 1 1 
The benzyl bromide 18 (0.61 g, 1.6 mmol) in dry THF (10 ml) 
was added dropwise to dilithioheptane-3,5-dione (2.0 mmol) in 
THF (10 ml) (prepared from lithium diisopropylamide and 
heptane-3,5-dione) at -20 "C under argon. The mixture after 
equilibration to room temperature was stirred for 1 h. Work-up 
as for the diketone 9 gave a yellow oil, which was purified by 
flash chromatography (petroleum spirit-dichloromethane, 1 : 1) 
to provide 1 -( 3,5-diben~yloxyp/ienyl)-2-~~r~t/iyl/ieptune-3,5-~ionc. 
11 (0.30 g, 44%) as a colourless oil (Found: C, 78.1 ; H 7.2. Calc. 
for C,,H,,O,: C, 78.1; H, 7.0%); v,,,(film)/cm-' 1600, 1455, 
1150,695;6,(300 MHz) 7.50-7.30 (m, 10 H, 2 x OCH,Plz), 6.46 
(d, J 2.2, 1 H, Ar 4-H), 6.40 (d, J 2.2,2 H, Ar 2-H and Ar 6-H), 
5.46 (s, 0.85 H, 4-H of the enolic form), 4.97 (s, 4 H, 
2 x OCH,Ph), 3.40 (s, 0.30 H, 4-H2 of the keto form), 3.00-2.84 
(m, 1 H, l-H),2.61-2.50(m,2H, l-Hand2-H),2.27(q,J7.6,2 
H, CH,CH3), 1.15-1.00 (m, 6 H, 2-CH3 and CH,CH, in keto 
and enolic forms); 6,(50.3 MHz) (enolic form) 196.5 (s, CO), 
195.9 (s, CO), 159.8 (s, Arc-3 and Arc-5), 141.9 (s, Arc-I), 
136.8 (s, Ph), 128.5 (d, Ph), 127.9 (d, Ph), 127.5 (d, Ph), 108.2 
(d, Arc-2 and Arc-6), 99.9 (d, Arc-4), 97.6 (d, C-4), 69.9 

(q, 2-CH3), 9.6 (q, C-7);idz 430 (M+, 7%), 91 (C,H,+, 100). 
(t, 2 X OCHZ), 43.9 (d, C-2), 40.1 (t, C-I), 31.5 (t, C-6), 17.1 

1 -(3-Acetylamino-5-benzyloxyphenyI)-2-methylheptane-3,5- 
dione 12 
The diketone 12 was synthesised by the method of The 
benzyl bromide 20 (660 mg, 2.0 mmol), prepared from methyl 
3-amino-5-hydroxybenzoate,I6 was added in dry THF (1 2 ml) to 
a stirred solution of lithium 2,2,6,6-tetramethylpiperidide [2.0 
mmol, prepared at 0 "C from equimolar quantities of butyl- 
lithium and 2,2,6,6-tetramethylpiperidine in THF (6 ml) at 
0 "C] at - 10 "C under argon. After 5 min, the solution contain- 
ing the ionised bromide was added, viu Teflon tubing, to 
dilithioheptane-3,5-dione (0.8 mmol) in THF (4 ml) (prepared 
from lit hi um 2,2,6,6- te t ramet hy I pi peridide and hep tane-3,5- 
dione) at -20°C. The mixture was allowed to warm to room 
temperature and after 1 h, the yellow solution was worked up in 
the manner described for the diketone 9. Gravity chroma- 
tography (increasing polarity from dichloromethane to dichloro- 
methane-ethyl acetate, 2: I )  of the crude product provided 1- 
(3 -ucetyltirnino - 5 - ben~yloxyplieriy~-2-111et/iyl/i~pturie- 3,5-dione 
12 (540 mg, 72%) as a colourless oil. IR and 'H NMR data 
were in agreement with those reported by Day;6 6,(50.3 MHz) 
(enolic form) 196.3 (s, CO), 196.1 (s, CO), 168.3 (s, COCH,), 
159.2 (s, ArC-5), 141.8 (s, Arc-3), 138.9 (s, Ph or Arc-I), 136.8 
(s, Arc-1 or Ph), 128.5 (d, Ph), 127.9 (d, Ph), 127.5 (d, Ph), 
112.7 (d, ArCH), 111.8 (d, ArCH), 104.2 (d, ArCH), 97.7 

(t, C-6), 24.7 (q, COCH3), 17.3 (q, Z-CH,), 9.6 (q, C-7); i d :  381 
(d, C-4), 70.0 (t, OCH,), 44.0 (d, C-2), 39.9 (t, C-l), 31.6 

(M', I%,), 91 (C7H7+, 100). 

6-(3,5-Dimethoxyphenyl)hexane-2,4-dione 13 
The benzyl bromide 18 (500 mg, 2.15 mmol) in dry THF (6 ml) 
was added to a solution of dilithiopentane-2,4-dione (2.35 
mmol) in THF (prepared from lithium 2,2,6,6-tetramethyl- 
piperidide and pentane-2,4-dione) at -20 "C under argon. The 
solution was then allowed to equilibrate to room temperature 
and after 1 h, the yellow solution was worked up as for the 
diketone 9. The crude product was subjected to flash chroma- 
tography (acid-washed silica gel; hexane-ethyl acetate, 2 :  I )  to 
give 6-(3,5-di~~~et /~o~y~h~nyl) l iexune-2,4-d~one 13 (500 mg, 92%) 

.l Chem. SOC., Perkin Trans. 1, 1996 2607 
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as a colourless oil (Found: C, 66.9; H, 7.5. Calc. for CI4Hl8O4: 
C, 67.2; H, 7.3%); 6,(300 MHz) 15.50 (br s, 0.9 H, OH), 6.37 
(d , J2 .2 ,2H,Ar2-HandAr6-H) ,6 .34( t , J2 .2 ,  1 H,Ar4-H), 
5.51 (s, 0.9 H, 3-H of the enolic form), 3.79 (s, 6 H, 2 x OCH,), 
3.58 (s, 0.2 H, 3-H2 of the keto form), 2.88 (t, J 7.4, 2 H, CH,), 
2.60 (t, J 7.4,2 H, CH,), 2.23 (s, c'u. 0.3 H, COCH, of the keto 
form), 2.06 (s, c'u. 2.7 H, COCH, of the enolic form); 6,(75.5 
MHz) 193.3 (CO), 190.9 (CO), 160.8 (Arc-3 and ArC-5), 143.1 
(Arc-1), 106.3 (Arc-2 and Arc-6), 100.0 (Arc-4 or C-3), 99.1 
(C-3 or Arc-4), 55.3 (2 x OCH,), 39.8 (CH,), 31.7 (CH,), 24.8 

IOO), 85 (CH,COCH,CO+, 33). 
(COCH,); I ~ Z  250 (M', 16%), 165 (M' - CH,COCH,CO, 

6-(3,5-DimethoxyphenyI)-6-hydroxyhexane-2,4-dione 1 4 
3,5-Dirnethoxybenzaldehyde (600 mg, 3.6 mmol) in dry THF 
( 1  8 ml) was added dropwise to dilithiopentane-2,4-dione (5.2 
mmol) in THF (16 ml) (prepared from lithium 2,2,6,6- 
tetramethylpiperidide and pentane-2,4-dione) at - 30 "C, under 
argon. The mixture was allowed to warm to room temperature 
and was stirred for 1 h. Work-up as for the diketone 9 gave an 
oil, which was purified by dry flash chromatography (hexane- 
ethyl acetate, 1 : 1) to yield 6-(3,5-CIi1~~et/zosy~Izenyl)-6-/iyrlroxy- 
he,~une-2,4-dione 14 (870 mg, 91%) as a pale yellow viscous 
oil (Found: C, 63.5; H, 7.1. Calc. for C1,HI8O5: C, 63.2; H, 
6.8%); v,,,(film)lcm-' 3440, 1723, 1598, 1463, 1430, 1357, 
1297, 1205, 1157, 1062; 6,(300 MHz) 15.30 (br s, 0.8 H, OH), 
6.52 (d, J 2.2, 1.6 H,  Ar 2-H and Ar 6-H of the enolic form), 
6.50 (d, J 2.3,0.4 H, Ar 2-H and Ar 6-H of the keto form), 6.39 
(t, J 2.3, 0.2 H, Ar 4-H of the keto form), 6.37 (t, J 2.2, 0.8 H, 
Ar 4-H of the enolic form), 5.52 (s, 0.8 H, 3-H of the enolic 
form), 5.16 (dd, J 11.1, 3.3, 0.2 H, 6-H of the keto form), 
5.10 (dd, J 8.0, 4.4, 0.8 H, 6-H of the enolic form), 3.79 
(s, 1.2 H, 2 x OCH, of the keto form), 3.78 (s, 4.8 H, 2 x OCH, 
of the enolic form), 3.61 (s, 0.4 H, 3-H2 of the keto form), 3.25 
(br s, 1 H, OH), 2.98-2.44 (m, 2 H, 5-H,, keto and enolic 
forms), 2.23 (s, 0.6 H, COCH, of the keto form), 2.05 (s, 2.4 H, 
COCH, of the enolic form); Sc(75.5 MHz) (enolic form) 194.3 
(CO), 189.2 (CO), 160.9 (Arc-3 and Arc-5), 145.6 (Arc-1), 
103.4 (Arc-2 and Arc-6), 101.0 (Arc-4 or C-3), 99.6 (C-3 or 
Arc-4), 70.9 (C-6), 55.3 (2 X OCH,), 47.7 (C-5), 24.1 (C-1); 

(57), 139 (IOO), 124 (21), 100 (CH,COCH2COCH,', 39), 85 
(CH,COCH,CO+, 94). 

t d ~  266 (M', 15%), 181 (M' - CH,COCH2C0, 24), 166 

1 -(3,5-Dibenzyloxyphenyl)hexane-l,3,5-trione 1 5 
Benzyl 3,5-dibenzyloxybenzoate (800 mg, 1.9 mmol) in dry 
THF (10 ml) was slowly added to a solution of dilithiopentane- 
2,4-dione (6.7 mmol) in THF (40 ml) (prepared from lithium 
2,2,6,6-tetramethylpiperidide and pen tane-2,4-dione) at 0 "C 
under argon. The solution was then allowed to equilibrate to 
room temperature. After I h, work-up as for the diketone 9, 
followed by flash chromatography (hexane-diethyl ether, 1 : 3), 
afforded 1 -(3,5-cliben=ylo~y~hef7yl)/zexane- 1,3 ,5-trione 15 (590 
mg, 76%), mp 80-83 "C (as yellow crystals from diethyl ether, 
lit.," 81-84 "C), with 'H N M R  data identical to those reported 
by Day;6 v,,,(KBr)lcm-' 3427, 1739, 1707, 1605, 1583, 1169; 

416 (M', 0.2?4), 91 (C7H7+, 100). 

Ethyl 5-(2-benzyloxy-3-methoxypheny1)-3-oxopentanoate 16 
Butyllithium (1.5 ml, 1.6 M in hexane, 2.4 mmol) was added 
dropwise to a solution of diisopropylamine (0.32 ml, 2.3 mmol) 
in dry THF (5 ml) at 0 "C under argon. To this pale yellow 
solution was added dropwise ethyl acetoacetate (0.14 ml, 1.1 
mmol). The resulting dark yellow solution was stirred at 0 "C 
for 20 min, before benzyl bromide 17 (0.34 g, 1.1 mmol) in 
THF (5 ml) was slowly added. Stirring was continued at 0 "C 
for 45 min. The orange solution was quenched with a mixture 
of hydrochloric acid (0.2 ml, 36%), water (0.5 ml) and diethyl 
ether (1.5 ml). The two layers were separated and the aqueous 
phase further extracted with diethyl ether. The organic layers 

were combined, washed with water until neutral, dried and con- 
centrated to provide a pale yellow oil. Chromatography of the 
oil (acid-washed silica gel; petroleum spirit-dichloromethane, 
1 : I ) gave ethyl 5-(2-ben~y/oxy-3-t??et/io,~~pf~eny/)-3-oxopet~tuno- 
ute 16 (0.23 g, 60%) as white crystals, mp 45-46 "C (Found: C, 
70.7; H, 7.0. Calc. for C,,H,,O5: C, 70.8; H, 6.8%); v,,,(melt)l 

7.47-7.34 (m, 5 H, OCH,P/z), 7.10-6.74 (m, 3 H, Ar 4-H, 
Ar 5-H and Ar 6-H), 5.03 (s, 2 H, OCH,Ph), 4.15 (9, J 7.2,2 H, 
OCH,CH,), 3.88 (s, 3 H,OCH,), 3.33 (s,2 H,2-H2),2.91-2.68 
(m, 4 H, 4-H,, 5-H,, 2nd order), 1.24 (t, J 7.2, 3 H, OCH,CH,); 
6,(50.3 MHz) 202.1 (s, C-3), 167.0 (s, C-I), 152.7 (s, Arc-3 
or Arc-2), 145.7 (s, Arc-2 or Arc-3), 137.7 (s, Ph), 134.5 
(s, Arc-I), 128.3 (d, Ph), 128.1 (d, Ph), 127.9 (d, Ph), 124.0 
(d, Arc-6 or ArC-5), 121.8 (d, Arc-5 or Arc-6), 110.6 (d, 
Arc-4), 74.5 (t, OCH,Ph), 61.2 (t, OCH,CH,), 55.6 (q, OCH,), 

Cm-' 1745, 1718, 1480, 1270, 1080, 755, 700; dH(200 MHZ) 

49.0 (t, C-2), 43.5 (t, C-4), 24.3 (t, C-5), 14.0 (9, OCHZCH,); lid: 

356 (M', 0.4'!1), 91 (C,H7+, 100). 

2-Benzyloxy-3-methoxybenzyl bromide 17 
2-Benzyloxy-3-methoxybenzaldehyde was prepared (94%) from 
2-hydroxy-3-methoxybenzaldehyde, and was converted (86%) 
into 2-benzyloxy-3-methoxybenzyl alcohol by modification of 
literature The alcohol was brominated by the 
method of Barton et al.I5 Dimethyl sulfide (0.6 ml, 8.2 mmol) in 
dry dichloromethane (2 ml) was added dropwise to an ice-cold 
suspension of N-bromosuccinimide (1.4 g, 7.9 mmol) in dichlo- 
romethane (20 ml) under nitrogen. The mixture was cooled to 
-30 "C and stirred for 30 min. The benzyl alcohol (0.8 g, 3.3 
mmol) in dichloromethane (4 ml) was slowly added to the 
cooled mixture, which was then warmed to room temperature 
and stirred for 4 h. The orange solution was quenched with 
brine (25 ml), extracted with diethyl ether, and the extracts 
dried and evaporated to give a viscous oil. Flash chroma- 
tography (pentane-dichloromethane, 2 : 1 ) afforded 2-benzyl- 
oxy-3-methoxybenzyl bromide 17 (0.64 g, 64%) as white crystals, 
mp 4344°C (Found: C, 58.6; H, 4.9; Br, 26.0. Calc. for 
C1,Hl,BrO,: C, 58.6; H, 4.9; Br, 26.0%); v,,,(melt)/cm-' 1480, 

(m, 5 H,OCH,Ph), 7.10-6.86 (m, 3 H, 4-H, 5-H and 6-H), 5.21 
(s, 2 H, OCH,Ph), 4.56 (s, 2 H, CH,Br), 3.92 (s, 3 H, OCH,); 
6,(50.3 MHz) 152.8 (s, C-3 or C-2), 146.0 (s, C-2 or C-3), 137.5 

124.2 (d, C-5 or C-6), 122.5 (d, C-6 or C-5), 1 12.9 (d, C-4), 74.5 
(t, OCH,), 55.7 (q, OCH,), 28.3 (t, CH,Br); i d =  308 (M', 0.4%), 
306 (M', 0.4), 227 (M' - Br, 3), 136 (M' - PhCH,Br, 56), 91 
(C,H,+, IOO), 65 (43). 

1275, 1230, 1085, 1070, 750, 697; dH(200 MHz) 7.53-7.30 

( s ,  Ph), 132.0 (s ,  C-1), 128.3 (d, Ph), 128.2 (d, Ph), 127.9 (d, Ph), 

3,5-Dimethoxy benzy I bromide 18 
3,5-Dimethoxybenzyl alcohol was prepared (98%) by reduction 
of the aldehyde with sodium borohydride in ethanol, and had 
mp and spectral data in agreement with the literature.,, Bromi- 
nation was effected by the method of Kuchar et dzn Phos- 
phorus tribromide (1  ml, 10.5 mmol) was added dropwise to an 
ice-cold mixture of the alcohol (3.6 g, 21.5 mmol) and dry pyri- 
dine (150 ml, 1.85 mmol) in anhydrous diethyl ether (30 ml) 
under argon. After 1 h, the reaction mixture was quenched with 
ice. The organic layer was separated, and the aqueous layer 
extracted with diethyl ether. The organic layers were combined, 
washed with saturated aqueous sodium hydrogen carbonate and 
water, dried and evaporated, to provide 3,5-~j~71~.tho~yben=y[ 
bromide 18 (4.4 g, 88%) as white crystals, mp 71-72 "C (lit.:' 
71-72 "C), with 'H NMR data in agreement with that of Apple- 
ton and co-workers; ,' 6,(75.5 MHz) 160.8 (C-3 and C-5), 139.6 
(C-I), 106.8 ((2-2 and C-6), 100.4 (C-4), 55.2 (2 x OCH,), 33.5 
(CH,Br); i d z  232 (M', 8%), 230 (M+, 8), 151 (M' - Br, 100). 

3,5-DibenzyloxybenzyI bromide 19 
3,5-DibenzyloxybenzyI alcohol was prepared from 33- 
dihydroxybenzoic acid by the route of Anand and Rar~jan.~' 

2608 J Chem. SOC., Perkin Trans. I ,  1996 
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The alcohol (3.1 g, 9.7 mmol) in acetonitrile (30 ml) was treated 
with carbon tetrabromide (3.7 g, 11.2 mmol) and triphenyl- 
phosphine (2.9 g, 11.1 mmol), under argon. After 1 h, the 
acetonitrile was removed under vacuum and the residue gravity 
chromatographed (pentane-dichloromethane, 1 : 1)  to give 33- 
dibenzyloxybenzyl broniide 19 (3.4 g, 92%) as white crystals, mp 
95-96 "C (lit.,,, 94 "C); v,,,( KBr)/cm-' 1596, 1343, 1298, 1 167, 

2 X OCH,Ph), 6.64 (d, J 2.2, 2 H, 2-H and 6-H), 6.55 (d, J 2.2, 
1 H, 4-H), 5.01 (s, 4 H, 2 x OCH,Ph), 4.39 (s, 2 H, CH,Br); 
6,(50.3 MHz) 160.0 (s, C-3 and C-5), 139.7 (s, C-l), 136.5 
(s, Ph), 128.6 (d, Ph), 128.0 (d, Ph), 127.5 (d, Ph), 108.0 
(d, C-2 and C-6), 102.1 (d, C-4), 70.0 (t, 2 x OCH,), 33.6 (t, 
CH,Br); in/= 384 (M', 7%), 382 (M+, 6), 91 (C7H7+, 100). 

1157, 1049, 692; dH(2OO MHZ) 7.50-7.30 (m, 10 H, 

2-Bromo-3,5-di benzy lox y benzy I alcohol 21 
N-Bromosuccinimide (0.06 g, 0.34 mmol) in dry dichlorometh- 
ane (2 ml) was cooled to 0 "C under argon and dimethyl sulfide 
(40 ml, 0.54 mmol) in dichloromethane (0.5 ml) was added 
dropwise, after the method of Barton et ~ 1 . ' ~  After addition, the 
yellow mixture was cooled to -30°C and stirred at that tem- 
perature for 30 min. 3,5-DibenzyloxybenzyI alcohol (0.10 g, 
0.31 mmol) in dichloromethane (0.5 ml) was slowly added to 
the cooled suspension. After 15 min at -30 "C, the orange solu- 
tion was worked up as above. Preparative TLC (dichlorometh- 
ane) provided 2-bromo-3,5-diben~y/o,uyben-.n=yl ulc'ohol21 (0.10 g, 
81%~) as white crystals, mp 112-1 13 "C (lit.,,, 108-1 10 "C), with 
'H NMR data identical to that of Sinhababu and Borchardt;,, 
v,,,(Nujol)/cm-' 3320, 1585, 1 170, 735, 695; 6,(50.1 MHz) 
158.9 (s, C-3 or C-5), 155.6 (s, C-5 or C-3), 141.8 (s, C-I), 136.5 
(s, Ph), 136.4(s, Ph), 128.5 (d, Ph), 128.0(d, Ph), 127.9(d, Ph), 
127.5 (d, Ph), 126.9 (d, Ph), 106.2 (d, C-4 or C-6), 101.2 (d, C-6 
or C-4), 70.8 (t, OCH,Ph), 70.3 (t, OCH,Ph), 65.1 (t, CH,OH); 
I ~ Z  400 (M', I(%), 398 (M', l ) ,  91 (C7H,+, 100). 

2-Bromo-3,5-dibenzyloxybenzyl bromide 22 
Dimethyl sulfide (0.2 ml, 2.7 mmol) in dry dichloromethane 
( 1  ml) was added to an ice-cold suspension of N-bromo- 
succinimide (0.45 g, 2.5 mmol) in dichloromethane (8 ml) under 
argon, after the method of Barton et ~ 1 . ' ~  The yellow mixture 
was cooled to -30 "C and maintained for 30 min at that tem- 
perature before the dropwise addition of 3,5-dibenzyloxybenzyI 
alcohol (0.52 g, 1.6 mmol) in dichloromethane (4 ml). The mix- 
ture was then allowed to equilibrate to room temperature and 
stirring was continued for 4 h. Brine was added to the orange 
solution and the organic material was extracted with diethyl 
ether. The extracts were dried, evaporated, and the resulting 
crude solid gravity chromatographed (pentane-dichloro- 
methane, 3 : 1 ) to afford 2-bronio-3,5-~libenzyloxybcn=yl bror.riide 
22 (0.49 g, 66%) as white crystals, mp 82-83 "C (lit.,34 77-78 "C), 
with 'H NMR data identical to that of Elix and F e r g u ~ o n ; ~ ~  
vm,,(Nujol)/cm-' 1600, 1580, 1335, 1 175, 735, 695; 6,(50.1 
MHz), 158.7(s,C-3orC-5), 156.2(s,C-5orC-3), 138.6(s,C-1), 
136.2 (s, Ph), 136.1 (s, Ph), 128.6 (d, Ph), 128.2 (d, Ph), 127.9 
(d, Ph), 127.5 (d, Ph), 126.9 (d, Ph), 108.7 (d, C-4 or C-6), 105.9 
(s, C-2), 102.2 (d, C-6 or C-4), 71.0 (t, OCH,), 70.4 (t, OCH,), 
33.8 (t, CH,Br); ink 464 (M', 0.6%), 462 (M', 1.2), 460 (M', 
0.6), 383 (M' - Br, O S ) ,  381 (M' - Br, 0.5), 91 (C7H7+, 100). 

Oxidation of 2-methyl-l -phenylheptane-3,5-dione 8 with 
manganese( 11 I) acetate 
The diketone 8 (50 mg, 0.23 mmol) in acetic acid (1.6 ml) was 
treated with manganese(ir1) acetate (0.97 mmol) as for the di- 
ketone 9, but at 60°C. The crude reaction product was sub- 
jected to dry flash chromatography (increasing polarity from 
hexane-dichloromethane, 1 : 1, to dichloromethane) to give, in 
order of elution, recovered diketone (18 mg, 360/), a fraction 
containing the diketone (5  mg, 10%~) contaminated with the 
naphthalenone 23 (cu. 9% by GC-MS) and the naphthol 32 
(cu. 4% by GC-MS), 3-methyl-1 -propionyl-2-naphthoI 32 

(1 mg, 2%), 2-methyl-3-phenylpropanoic acid (2 mg, 5%) and 
26 mg of uncharacterisable material. GC-MS of the second 
fraction showed 1 -ucetoxy-3,4-diliydro-3-i?1etliyl- 1 -propionyl- 
nuphthulen-2( 1 H)-one 23 as two separated diastereomers ( 1  : 1 ) 
with similar spectra, m/z 274 (M', l%), 218 (M' - CH,CHCO, 
28), 176 (M' - CH,CHCO - CH,CO, IOO), I61 (22), and 
3-methyl- 1 -propionyl-2-nuplitliol 32, m/z 2 14 ( M +, 20'%)), 
185 (M' - CH3CH2, 100). 2-Metliyl-3-plie~~~lpropuiioic wid 
(Found: C, 73.1; H, 7.5. Calc. for C,,H,,O,: C, 73.2; H, 7.4%); 
v,,,(film)lcm-' 3400-2500, 1705, 695; 44200 MHz) 7.33-7.15 
(m, 5 H, Ph), 3.15-3.0 (m, 1 H, 2-H or 3-H), 2.80-2.50 (m, 2 H, 
3-H and 2-H or 3-H,), 1.18 (d, J 6.6, 3 H, CH,); dC(50.3 MHz) 
182.4 (s, CO), 139.0 (s, Arc-I), 129.0 (d, Ph), 128.4 (d, Ph), 
126.4 (d, Ph), 41.3 (d, C-2), 39.3 (t, C-3), 16.5 (CH3); i d 2  164 
(M', 21%), 91 (C7H 7', loo), 65 (24). 

Cyclisation of 1 -(2-benzyloxy-3-methoxypheny1)-2- 
methylheptane-3,5-dione 9 
The diketone 9 (47 mg, 0.13 mmol) in dry degassed acetic acid 
(1  ml) was added in one portion to anhydrous manganese(1ri) 
acetate (0.56 mmol) under argon. After 22 h, the brown reac- 
tion mixture was quenched with brine and extracted with 
chloroform. The extracts were dried and evaporated. Gravity 
chromatography (acid-washed silica gel; hexane-dichloro- 
methane, 1 : 2) of the brown oil afforded 5-b~.n~yloxy-6-rnet/~oxy- 
3-methyl-1 -propionyl-2-nupht/iof 33 (5 mg, 1 1%) as pale yellow 
crystals, mp 72-74°C (Found: C, 75.2; H, 6.6. Calc. for 
C22H22O4: C, 75.4; H, 6.3%); vmax(KBr)/cm-' 3800, 161 1, 1570, 
1422, 1341, 1280, 1237, 1206, 1194, 1175, 1113, 965, 806, 750, 

(d, J 9.5, 1 H, 7-H or 8-H), 7.57-7.29 (m, 6 H, OCH,PII and 
8-H or 7-H), 5.18 (s, 2 H, OCH2Ph), 4.01 (s, 3 H, OCH,), 3.19 

705; dH(300 MHz) 13.5 (s, 1 H, OH), 8.08 (s, 1 H, 4-H), 7.75 

(9, J 7.3,2 H, CH,CH,), 2.36 (s, 3 H, 3-CH3), 1.33 (t, J 7.3,3 H, 
CH2CH3); ac(75.5 MHz) 208.8 (s, CO), 162.2 (s), 147.3 (s), 
142.8 (s), 137.6 (s, Ph), 129.8 (d), 129.1 (s), 128.6 (d, Ph), 128.5 
(d, Ph), 128.3 (d, Ph), 126.3 (s), 124.4 (s), 120.6 (d), 115.3 (d), 
114.3 (s), 75.6 (t, OCH,), 56.7 (9, OCH,), 37.0 (t, CH,CH,), 
16.6 (9, 3-CH3), 9.5 (9, CHZCH,); I??/= 350 (M+, 1 I%>), 294 
(M' - COCHCH,, 9), 259 (M' - CH,Ph, 58) ,  91 (C7H7+, IOO), 
65 (23), 57 (CH3CH2CO', 65). 

Further elution gave starting material (10 mg, 21% recovery) 
and the two diastereomeric 1 -uc'etoxy-5-benzylo~y-3,4-diliydro- 
6-i?zet/zoxy-3-metliyl- 1 -propioiiylnuphthulen-2( 1 H)-ones 24 
(1.1 : I )  (30 mg, 56%) as a pale yellow solid (Found: C, 70.4; H, 
6.5. Calc. for C24H2606: C, 70.2; H, 6.4%); ~~,,(CH,Cl,)/crn-' 
2985,2940,1755,1733,1715,1490,1440,1370,1280,1230,1080, 
700; 6,(300 MHz) 7.50-7.34 (m, 5 H, OCH,PIz), 7.02 (d, J 8.6,7- 
H or 8-H), 6.86 (d, J 8.6,8-H or 7-H), 6.83 (d, J 8.6,7-H or 8-H), 
6.76 (d, J 8.6,8-H or 7-H), 5.04 (d, J ca. 1 1, OCH,Ph, part of AB 
system), 5.02 (d, J c'u. 1 I ,  OCH,Ph, part of AB system super- 
imposed on part of AB system at 6 5.04), 5.00 (d, J c'u. 1 I ,  
OCH,Ph, part of AB system superimposed on part of AB sys- 
tem at 6 5.02), 4.97 (d, J c'u. 11,  OCH,Ph, part of AB system), 
3.89 (s, OCH,), 3.87 (s, OCH ,), 3.35-2.30 (m, 5 H, CH,CH,, 4- 
H,and 3-H),2.23(s,COCH3),2.12(s,COCH,), 1.20(d,J6.6,3- 
CH,), 1.1 1 (d, J 6.4, 3-CH3), 1.04 (t, J 7.2, CH,CH3), 0.92 (t, J 
7.2, CHZCH3); ac(75.5 MHz) 208.2 (CO), 206.2 (CO), 205.8 
(CO), 203.5 (CO), 169.1 (OCOCH,), 168.6 (OCOCH,), 153.1 
(C-5 or C-6), 152.9 (C-5 or C-6), 144.7, 144.3, 137.7 (Ph), 137.4 
(Ph), 133.1, 132.0, 129.6, 128.8 (Ph), 128.6 (Ph), 128.5 (Ph), 
128.4, 128.2, 126.3, 122.4 (C-7 or C-8), 1 19.6 (C-7 or C-S), 1 1 1.4 
(C-8 or C-7), 11 1 .O (C-8 or C-7), 89.6 (C-l), 87.2 (C-l), 74.9 
(OCH,), 74.6 (OCH,), 55.7 (OCH,), 41.9, 39.4, 32.1, 30.5,27.9, 
20.7 (OCOCH,), 14.5 (3-CH3), 14.4 (3-CH3), 7.1 (CHZCH,), 6.9 
(CHZCH,); IH/Z 410 (M', 2%), 354 (M' - COCHCH3, 25), 312 
(M' - COCHCH3 - CH,CO,37), 91 (C7H7+, 100). 

Oxidation of 1 -(2-benzyloxy-3-methoxyphenyl)-2- 
methylheptane-3,5-dione 9 with manganese(irr) acetate 
The diketone 9 (5.0 mg, 0.014 mmol), manganese(ii1) acetate 

1 Chem. Soc., Perkin Trans. I ,  I996 2609 
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dihydrate (8 mg, 0.03 mmol) and glacial acetic acid (0.1 ml) 
were stirred for 22 h in a stoppered flask. The brown suspension 
was poured into brine, extracted with ethyl acetate, dried and 
concentrated to provide a dark brown oil. Gravity chroma- 
tography (acid-washed silica gel; dichloromethane-ethyl 
acetate, I0 : I afforded 3-(2-benzyloxy-3-methoxyphenyl)-2- 
methylpropanoic acid (3.5 mg, 83%) as a colourless oil, identi- 
cal with material prepared by synthesis. 

3-(2-Benzyloxy-3-methoxyphenyl)-2-methylpropanoic acid 
The acid was prepared by the method of Pfeffer and co- 
worke r~ .~ ' ,~~  Butyllithium (1.5 ml, 1.6 M in hexane, 2.4 mmol) 
was added dropwise to a stirred solution of diisopropylamine 
(0.34 ml, 2.4 mmol) in dry THF (2 ml), at -20°C under 
nitrogen. After 15 min, propanoic acid (820 ml, 1 .1  mmol) was 
slowly added. The milky white mixture was kept at -20 "C for 
15 min then warmed to 5 "C. Hexamethylphosphoramide 
(HMPA) (0.5 ml, 2.5 mmol) was added to the mixture, which 
became homogeneous within 5 min. The pale yellow solution 
was maintained at 5 "C for an additional 15 min, then cooled to 
0 "C and the benzyl bromide 17 (0.34 g, 1 . 1  mmol) in THF 
(1 ml) was added in one portion. The reaction temperature rose 
to 10°C. After stirring for 4 h at room temperature, the pale 
yellow mixture was cooled to 0°C and acidified with hydro- 
chloric acid (10%). The aqueous layer was separated and 
extracted with petroleum spirit. The combined organic layers 
were washed with dilute hydrochloric acid (lo%), water and 
brine, then dried and evaporated to provide a yellow oil. 
Purification by flash chromatography (acid-washed silica 
gel; pentane-dichloromethane, 1 : 1 ) afforded 3-(2-benryloxy-3- 
i~~etl~oxyplrer?yl)-2-~~tetliylpropanoi~' ucid (0.20 g, 6 1%) as a vis- 
cous colourless oil (Found: C, 71.9; H, 6.4. Calc. for C18H2,0,: 
C, 72.0; H, 6.7%); vmax(film)/cm-' 3500-2400, 1705, 1600, 1480, 
1275, 1085, 750, 700; 6,(200 MHz) 9.90 (br s, 1 H, OH), 7.50- 
7.28 (m, 5 H, OCH,PIz), 7.05-6.77 (m, 3 H, Ar 4-H, Ar 5-H and 
Ar 6-H), 5.05 (s, 2 H, OCH,Ph), 3.90 (s, 3 H, OCH,), 3.10-2.94 
(m, 1 H, 3-H), 2.93-2.75 (m, 1 H, 2-H), 2.70-2.60 (m, 1 H, 3-H), 
1.11 (d, J 7.0, 3 H, 2-CH3); 6,(50.3 MHz) 182.3 (s, CO), 152.7 
(s, Arc-3 or Arc-2), 146.2 (s, Arc-2 or Arc-3), 137.9 (s, Ph), 
133.3 (s, Arc-I), 128.3 (d, Ph), 128.0 (d, Ph), 127.0 (d, Ph), 
123.8 (d, Arc-5 or Arc-6), 122.6 (d, Arc-6 or Arc-5), 1 10.9 (d, 
Arc-4), 74.5 (t, OCH,), 55.7 (9, OCH,), 39.9 (d, C-2), 33.9 (d, 
C-3), 16.6 (q, 2-CH3); ni/z 300 (M', 6%), 91 (C7H7+, 100). 

Oxidation of 1 -(2-hydroxy-3-methoxyphenyl)-2-methylheptane- 
3,5-dione 10 with manganese(Ir1) acetate 
The phenol 10 (27 mg, 0.10 mmol) in dry degassed acetic acid 
(0.7 ml) was added to anhydrous manganese(ii1) acetate (0.21 
mmol) under argon. After 22 h, the initially orange-red mixture 
had faded to pale orange. Work-up as for the cyclisation of the 
diketone 9 provided a brown viscous oil which upon gravity 
chromatography (acid-washed silica gel; increasing polarity 
from dichloromethane to ethyl acetate) afforded starting 
material (2 mg, 7% recovery) together with an intractable tar 
(24 mg). 

1 -Acetoxy-6,8-di benzyloxy-3,4-dihydro-3-methyl-l- 
propionylnaph thalen-2(1 H)-ones 26 
The diketone 11  (100 mg, 0.23 mmol) in acetic acid (1.7 ml) was 
treated with manganese(rr1) acetate (0.96 mmol) as for the dike- 
tone 9. Purification of the brown solid product by dry flash 
chromatography (dichloromethane) afforded the diastereo- 
meric 1 -ucetoxy-6,8-cliben~yloxy-3,4-diliy~~ro-3-n~etl~yl- 1 -pro- 
pionylnupl~tltulen-2( 1 H)-ones 26. The first diastereomer (45 mg, 
40%) eluted as pale yellow crystals, mp 52-54°C (Found: C, 
74.1; H, 6.5. Calc. for C30H3006: C, 74.1; H, 6.2%); v,,,(KBr)/ 
cm-' 1743, 1729, 1713, 1606, 1245, 1159; 6,(300 MHz) 7.41- 
7.33 (m, 10 H, 2 x OCH,Pli), 6.44 (d, J 2.2, 1 H, 5-H or 7-H), 
6.41 (d, J 2.2, 1 H, 7-H or 5-H), 5.02 (s, 2 H, 6-OCH,Ph), 4.96 
(d, J 11.0, 1 H, 8-OCH2Ph, part of AB system), 4.85 (d, J 11.0, 

I H, 8-OCH2Ph, part of AB system), 3.22 (dd, J cu. 12, cu. 12, 
1 H, 4-H pseudo-axial), 3.04-2.88 (m, 2 H, 4-H pseudo- 
equatorial, 3-H pseudo-axial, 2nd order), 2.64 (4, J 7.1, 2 H, 
CHZCH,), 2.07 ( s ,  3 H, COCH,), 1.16 (d, J 6.1, 3-CH3), 0.71 (t, 
J 7.1, CH2CH3); dc(75.5 MHz), 206.6 (s ,  CO), 203.5 (s ,  CO), 
169.1 (s, COCH,), 160.5 (s, C-6 or C-8), 157.2 (s, C-8 or C-6), 
142.2 (s, C-4a or C-8a), 136.8 (s, Ph), 136.1 (s, Ph), 128.8 (d, 
Ph), 128.7 (d, Ph), 128.6 (d, Ph), 128.3 (d, Ph), 128.2 
(d, Ph), 127.8 (d, Ph), 118.3 (s, C-8a or C-4a), 104.7 (d, C-5), 
98.8 (d, C-7), 88.2 ( s ,  C-l), 70.5 (t, OCH,), 70.1 (t, OCH,), 42.7 
(d, C-31, 37.6 (t, CHZCH,), 31.3 (t, C-4), 20.6 (4, COCH,), 
13.4 (q, 3-CH3), 6.4 (9, CHZCH,);  id^ 486 (M', 0.5'%), 430 
(M' - COCHCH,, l) ,  387 (M' - COCHCH, - COCH,, l) ,  
91 (C,H,+, 100). 

The second diastereomer (60 mg, 53%) eluted contaminated 
with 8% of the first as a pale yellow solid (Found: C, 73.9; H, 
6.5. Calc. for C3,H3,06: C, 74.1; H, 6.2%)); v,,,(KBr)/cm-' 
1739, 1706, 1605; d,(300 MHz) 7.45-7.30 (m, 10 H, 
2 X OCH,P/z), 6.48 (d, J2.2, 1 H, 5-H or 7-H), 6.45 (d, J2.2, 1 
H, 7-H or 5-H), 5.04 (s, 2 H, 6-OCH,Ph), 4.97 (d, J 1 I .  1 ,  1 H, 8- 
OCH,Ph, part of AB system), 4.88 (d, J 1 1.  I ,  1 H, 8-OCH2Ph, 
part of AB system), 3.59 (dd, J 15.5, 5.6, 1 H, 4-H pseudo- 
axial), 3.02 (m, I H, 3-H pseudo-equatorial), 2.75 (dd, J 15.5, 
4.2, 1 H, 4-H pseudo-equatorial), 2.75-2.54 (2 x dq super- 
imposed, J L'U. 13, cu. 7.3 for both protons, 2 H, CH,CH,, dia- 
stereotopic), 2.04 (s, 3 H, COCH,), 1.20 (d, J 7.3, 3 H, 3-CH3), 
0.75 (t, J7.1,3 H, CH,CH,); dJ75.5 MHz) 206.7 (s, CO), 206.5 
(s, CO), 169.6 (s, COCH,), 160.8 (s, C-6 or C-8), 157.8 (s, C-8 or 
C-6), 140.5 (s, C-4a or C-8a), 136.7 (s, Ph), 136.1 (s, Ph), 128.9 
(d, Ph), 128.8 (d, Ph), 128.5 (d, Ph), 128.4 (d, Ph), 128.1 (d, Ph), 
127.8 (d, Ph), 116.4 (s, C-8a or C-4a), 106.1 (d, C-5),99.0 (d, C- 
7), 85.4 (s ,  C-l), 70.6 (t, OCH,), 70.1 (t, OCH,), 44.0 (d, C-3), 
36.9 (t, CH,CH,), 32.1 (t, C-4), 20.4 (9, COCH,), 16.1 
(9, 3-CH3), 6.6 (9, CH2CH3); I??/: 486 (M', 0.4M~), 430 (M' - 
COCHCH,, l ) ,  387 (M' - COCHCH, - COCH,, l) ,  91 
(C,H,', 100). 

1 -Acetoxy-6-acetylamino-8-benzyloxy-3,4-dihydro-3-methyl-l- 
propionylnaphthalen-2( 1 H)-ones 27 
The diketone 12 (420 mg, 1.1 mmol) in acetic acid (8 ml) was 
treated with manganese(1ir) acetate (4.6 mmol) as for the dike- 
tone 9. Purification of the crude product by dry flash chroma- 
tography (dichloromethane-ethyl acetate, 2: 1)  yielded, as a 
white solid, 1 -acetoxy-6-acetylur~iino-8-ben~~~io.uy-3,4-~~l~yclvo- 
3-metl~yl-1 -propion~~lnuphtl1ul~~i-2( 1 H)-one 27 (450 mg, 93%)) as 
a mixture of diastereomers (1.3 : 1 )  (Found: C, 68.6; H, 6.5; N, 
3.0. Calc. for C2,H,,N06: C, 68.6; H, 6.2; N, 3.2%); vmax(KBr)/ 
cm-' 2935, 1732, 1713, 1659, 1611, 1420, 1272, 1251; 6,(300 
MHz) (2 diastereomers, 1.3: 1) 7.60 (br s, 1 H, NH), 7.45-7.33 
(m, 5 H, OCH,Ph), 6.72 (br s, 1 H, 5-H or 7-H), 6.62 (br s, 1 H, 
7-H or 5-H), 5.00 (d, J 11.1, cu. 0.6 H, OCH,Ph of major 
isomer, part of AB system), 4.99 (d, J 10.9, ca. 0.4 H, OCH,Ph 
of minor isomer, part of AB system), 4.89 (d, J 1 1.1, c u .  0.6 H, 
OCH,Ph of major isomer, part of AB system), 4.86 (d, J 10.9, 
cu. 0.6 H, OCH,Ph of minor isomer, part of AB system), 3.53 
(dd, J 15.5, 5.5, L'LL 0.6 H, 4-H pseudo-axial of major isomer), 
3.17 (dd, J cu. 13.5, cu. 13.5, cu. 0.4 H, 4-H pseudo-axial of 
minor isomer), 3.02-2.92 (m, cu. 0.6 H, 3-H pseudo-equatorial 
of major isomer), 2.90-2.56 (m, cu. 3.4 H, 3-H pseudo-axial of 
minor isomer, 4-H pseudo-equatorial and CH,CH,), 2.12 (s, cu. 
1.8 H, NCOCH, of major isomer), 2.1 1 (s, cu. 1.2 H, NCOCH3 
of minor isomer), 2.06 (s, ca. 1.2 H, OCOCH, of minor iso- 
mer), 2.01 (s, cu. 1.8 H, OCOCH, of major isomer), 1.17 (d, J 
7 . 5 , ~ .  1.8H,3-CH30fmajorisomer), 1.14(d,J6.3,cu. 1.2H, 
3-CH, of minor isomer), 0.74 (t, J 7.1, cu. 1.8 H, CH2CH3 of 
major isomer), 0.71 (t, J 7.1, cu. 1.2 H, CH2CH3 of minor iso- 
mer); 6,(75.5 MHz) (2 diastereomers, 1 -3: 1 )  206.6 (CO), 206.5 
(CO), 206.3 (CO), 203.3 (CO), 169.5 (OCOCH,, major isomer), 
169.1 (OCOCH,, minor isomer), 169.0 (N COCH,), 157.2 (C-8, 
major isomer), 156.6 (C-8, minor isomer), 141 -5 ,  140. I ,  139.9, 

2610 J: Clzern. Soc., Perkin Trans. 1, 1996 
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136.0, 128.7 (Ph), 128.6 (Ph), 128.5 (Ph), 128.4 (Ph), 128.2 (Ph), 
121.0, 119.0, 11 1.7 (C-5 or C-7, major isomer), 110.3 (C-5 or 
C-7, minor isomer), 102.3 (C-7 or C-5, major.isomer), 102.2 
(C-7 or C-5, minor isomer), 88.0 (C-l , major isomer), 85.1 (C-1, 
minor isomer), 70.6 (OCH,), 43.8 (C-3, major isomer), 42.6 
(C-3, minor isomer), 37.1 (CH2CH,, minor isomer), 36.4 
(CH2CH3, major isomer), 32.0 (C-4, major isomer), 31.3 (C-4, 
minor isomer), 24.4 (NCOCH,), 20.5 (OCOCH,, minor iso- 
mer), 20.3 (OCOCH,, major isomer), 16.0 (3-CH3, major 
isomer), 13.3 (3-CH3, minor isomer), 6.5 (CH2CH3, minor 
isomer), 6.3 (CH,CH,, major isomer); ndz 437 (M', O.~%J), 91 
(C,H,', loo), 43 (CH,CO', 23). 

1 -Acetox y-1 -acetyl-3,4-dihydro-6,8-dimethoxynaphthalen- 
2( 1 H)-one 28 
The diketone 13 (40 mg, 0.16 mmol) in acetic acid (1.1 ml) was 
treated with manganese(1ii) acetate (0.67 mmol) as for the dike- 
tone 9. Dry flash chromatography (hexane-ethyl acetate, 3 : 1)  
of the crude product afforded, in order of elution, recovered 
diketone (3 mg, 7'K) and 1 -ucetoxy- 1 -acetyl-3,4-diliydr0-6,8- 
~iinetlzoxynuplzthulen-2( 1 H)-one 28 (35 mg, 71%) as white 
crystals, mp 150-152 "C (Found: C, 63.0; H, 6.2. Calc. for 
C,6H1R06: C, 62.1; H, 5.9%)); vmax(KBr)/cm-' 1716, 1607, 
1250, 1216, 1157; 6,(300 MHz) 6.33 (d, J CN. 2, 1 H, 5-H or 7- 
H), 6.31 (d, J L'U. 2, 1 H, 7-H or 5-H), 3.80 (s, 3H, OCH,), 3.73 
(s, 3 H, OCH,), 3.52-3.27 (m, I H, 3-H or 4-H), 3.00-2.70 
(m, 3 H, CH, and CH), 2.50 (s, 3 H, COCH,), 2.08 (s, 
3 H, OCOCH,); 6,(75.5 MHz) 204.2 (CO), 201.9 (CO), 168.9 
(OCOCH,), 161.1 (C-6 or C-8), 158.2 (C-8 or C-6), 142.0 (C-4a 
or C-8a), 117.8 (C-8a or C-4a), 104.0 (C-5 or C-7), 97.7 (C-7 or 
C-5), 87.1 (C-l), 55.6 (OCH,), 55.3 (OCH3), 39.4 (C-3 or C-4), 
29.4 (C-4 or C-3), 26.5 (COCH,), 20.8 (OCOCH,); I??/: 306 
(M+, 4'%), 264 (M' - CHZCO, 23), 222 (M' - CH2C0 - 
CHZCO, 66), 221 (M' - CH2CO - CHSCO, loo), 193 
(221 - CO, 38). 

1 -Acetoxy-1 -acetyI-3,4-dihydro-4-hydroxy-6,8-dimethoxy- 
naphthalen-2(1 H)-ones 29 
The diketone 14 (200 mg, 0.75 mmol) in acetic acid (5.4 ml) was 
treated with manganese(1ii) acetate (3.2 mmol) as for the dike- 
tone 9. The product was purified by dry flash chromatography 
(hexane-ethyl acetate, 1 : 1)  to give the two diastereomeric 
1 -ucetoxy- 1 -ucBetyl-3 ,4-diliydro-4-liydroxy-6,8-di1i~~'tIzoxynupl1- 
thulen-2(1H)-ones 29 ( 1  : 1)  (220 mg, 95%) as a yellow solid. 
Further dry flash chromatography (hexane--ethyl acetate, 1 : 1)  
of the mixture (60 mg) afforded a faster eluting diastereomer 
(24 mg) as a cream solid (Found: C, 59.9; H, 5.7. Calc. for 
Cl6H&7: C, 59.6; H, 5.6%); v,,,( KBr)/cm-* 3500, 1729, 
171 I ,  1253, 1157; SH(300 MHz) 6.60 (d, J 2.3, 1 H, 5-H or 7- 
H),6.42(d,J2.3, 1 H,7-Hor5-H),4.99(ddd,J12.0,4.2,2.7,1 
H, 4-H pseudo-equatorial), 4.48 (d, J 12.0, 1 H, OH), 3.85 (s, 3 
H, OCH,), 3.75 (s, 3 H, OCH,), 3.20 (dd, J 14.6,4.2, 1 H, 3-H 
pseudo-axial), 3.03 (dd, J 14.6, 2.7, I H, 3-H pseudo- 
equatorial), 2.50 (s, 3 H, COCH,), 2.15 (s, 3 H, OCOCH,); 
6,(75.5 MHz) 202.6 (CO), 199.4 (CO), 169.7 (OCOCH,), 161.9 
(C-6 or C-8), 157.8 (C-8 or C-6), 141.3 (C-4a or C-8a), 116.8 
(C-8a or C-4a), 104.9 (C-5 or C-7), 99.8 (C-7 or C-5), 88.2 
(C-I), 70.9 (C-4), 55.7 (OCH,), 55.5 (OCH,), 47.3 (C-3), 26.2 
(corn,), 21.1 (OCOCH,); I??/= 322 (M', 6'%~), 280 
(M' - CHZCO, 32), 238 (M' - CHZCO - CH2C0, 70), 237 
(M' - CH2C0 - CH,CO, loo), 220 (42), 191 (43), 167 (22), 
followed by a slower eluting diastereomer (19 mg) as a pale 
yellow solid (Found: M', 322.1053. Calc. for C,,H1,07: M, 
322.1053);dH(3O0 M Hz) 6.87 (d, J2.2, 1 H, 5-H or 7-H), 6.38 (d, 
J 2.2, 1 H, 7-H or 5-H), 5.25 (m, 1 H, 4-H pseudo-axial), 4.95 
( I  H, br s, OH), 3.84 (s, 3 H, OCH,), 3.74 (s, 3 H, OCH,), 3.10 
(dd, J 13.7, 4.7, 1 H, 3-H pseudo-equatorial), 2.89 (dd, J 13.7, 
11 .O, 1 H, 3-H pseudo-axial), 2.51 (s, 3 H, COCH,), 2.07 (s, 3 H, 

(OCOCH,), 161.5 (C-6 or C-S), 157.7 (C-8 or C-6), 145.6 (C-4a 
OCOCH,); dc(75.5 MHz) 204.2 (CO), 199.5 (CO), 169.2 

or C-8a), 1 15.5 (C-8a or C-4a), 100.7 (C-5 or C-7), 99.0 (C-7 or 
C-5), 87.1 (C-I), 67.5 (C-4), 55.4 (OCH,), 55.3 (OCH,), 49.5 
(C-3), 26.6 (COCH,), 20.6 (OCOCH,); I?dZ 322 (M', 4%), 280 
(M' - CHZCO, 32), 238 (M' - CH2CO - CH,CO, IOO), 237 
(M' - CHzCO - CHSCO, 62), 220 (95), 205 (33), 191 (38). 

l-AcetyI-3,4-dihydro-I ,6,8-trimethoxynaphthaIen-2( 1 H)-one 30 
and 1 -acetyl-3,4-dihydro-l -hydroxy-6,8-dimethoxynaphthalen- 
2( 1 H)-one 31 
(a) Anhydrous cerium(iv) ammonium nitrate (590 mg, 1.1 
mmol) in dry degassed methanol (1.2 ml) was slowly added to 
the diketone 13 (65 mg, 0.26 mmol) in methanol (0.6 ml) at 0 "C 
under argon. After 5 min, the pale orange solution was diluted 
with ethyl acetate (100 ml) and washed sequentially with water 
( 10 ml), 10% aqueous sodium hydrogen carbonate (1  0 ml), and 
water until the aqueous layer was neutral. Dry flash chroma- 
tography (hexane-ethyl acetate, 2: 1)  of the pale yellow oil 
obtained on drying and concentration of the organic 
layer afforded 1 -u~etyl-3,4-dilzydro- 1,6,8-tri~~etho~ynuplitlzulen- 
2(1 H)-one 30 (58 mg, 80%), mp 128-129 "C, as white crystals 
from ethyl acetate-hexane (Found: C, 64.8; H, 6.7. Calc. for 
C,,H180,: C, 64.7; H, 6.5%); v,,,(KBr)/crn-' 1730, 1707, 161 1, 
1585, 1349, 1322, 1201, 1148, 1128, 1093; SH(3O0 MHz) 6.37 
(d, J 2.3, 1 H, 5-H or 7-H), 6.35 (d, J 2.3, 7-H or 5-H), 3.83 
(s, 3 H, OCH,), 3.75 (s, 3 H, OCH,), 3.10-2.95 (m, 3 H, CH, 
and CH), 2.99 (s, 3 H, OCH,), 2.70-2.63 (m, 1 H, 3-H or 4-H), 

161.1 (C-6 or C-8), 159.1 (C-8 or C-6), 141.8 (C-4a or C-8a), 
1 17.5 (C-8a or C-4a), 104.0 (C-5 or C-7), 98.0 (C-7 or C-5), 91.1 
(C-l), 55.8 (OCH,), 55.4 (OCH,), 52.4 (OCH,), 39.4 (C-3 or 
C-4), 29.4 (C-4 or C-3), 25.8 (COCH,); ndz 278 (M', 0.2%)), 
236 ( M + -  CHZCO, 31), 235 (M'- CH,CO, loo), 207 
(M' - CH3CO - CO, 49). 

(b) Anhydrous cerium(1v) ammonium nitrate (990 mg, 1.8 
mmol) in dry degassed methanol (2 ml) was added dropwise to 
the diketone 13 (1 10 mg, 0.44 mmol) in methanol (1  ml) at 0 "C 
under argon. After 5 min, the pale orange solution was diluted 
with diethyl ether (3 ml) and subjected to successive dry flash 
chromatography (hexane*thyl acetate, 2 : 1) to give 1 -acetyl- 
3,4-dilzydro- I ,6,8-trirnetlioxynuplithuken-2( 1 H)-one 30 (32 mg, 
40%) and 1 -ucetyl-3,4-diliydro- 1 -liy~ro.~y-6,8-~ii~~etlc.t/loxynuplitlz- 
ulen-2( 1 H)-one 31 (42 mg, 36%) as a pale yellow oil (Found: 
M', 221.0806. Calc. for C12H1304: M, 221.0814); vmax(film)/ 
cm-* 3440, 2940, 2840, 1720, 1600, 1460, 1350, 1205, 1150, 
835; d,(300 MHz) 6.35 (d, J 2.3, 1 H, 5-H or 7-H), 6.33 (d, J 
2.3, 7-H or 5-H), 4.89 (s, 1 H, OH), 3.80 (s, 3 H, OCH,), 3.70 
(s, 3 H, OCH,), 3.20-3.10 (m, 2 H), 2.95-2.88 (m, 2 H), 2.18 
(s, 3 H, COCH,); dC(75.5 MHz) 206.9 (CO), 206.8 (CO), 
161.1 (C-6 or C-8), 158.9 (C-8 or C-6), 139.1 (C-4a or C-8a), 
1 18.6 (C-8a or C-4a), 104.3 (C-5 or C-7), 97.8 (C-7 or C-5), 82.7 
(C-I), 55.6 (OCH,), 55.4 (OCH,), 36.7 (C-3 or C-4), 30.5 (C-4 
or C-3), 25.2 (COCH,); in/= 264 (M', 0.2'%)), 222 (M' - 

2.41 ( s ,  3 H, COCH,); ac(75.5 MHz) 207.0 (CO), 206.0 (CO), 

CH2C0, 26), 221 (M' - CHZCO, loo), 193 (M' - 
CH3CO - CO, 58). 

Oxidation of l-(3,5-dibenzyloxyphenyl)hexane-l,3,5-trione 15 
with manganese(i1i) acetate 
The triketone 15 (150 mg, 0.36 mmol) was treated with manga- 
nese(ii1) acetate (0.78 mmol) in acetic acid (2.6 ml) as for the 
diketone 9. The pale yellow mixture was diluted with water and 
extracted with ethyl acetate. The combined extracts were 
washed twice with saturated aqueous sodium hydrogen carbon- 
ate, dried and evaporated. The crude residue on preparative 
TLC (hexane-ethyl acetate, 2 : 1)  provided 3,5-dibenzyl- 
oxyacetophenone (4 mg, cu. 3%); 6,(300 MHz) 7.50-7.34 (m, 
10 H, 2 x OCH,PIz), 7.20 (d, J2.2,2 H, 2-H and 6-H), 6.82 (t, J 
2.2, 1 H, 4-H), 5.08 (s, 4 H, 2 x OCH2Ph), 2.56 (s, 3 H, CH,), in 
agreement with the partial data published by Vu and co- 
workers 37; i?dz 332 (M', 3%), 91 (C7H,+, IOO), and a mixture (95 
mg) that could not be separated by further preparative TLC or 

J: Cliem. Soc,, Perkin Trans. 1,  I996 2611 
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column chromatography. The basic washings from work-up 
were acidified with hydrochloric acid (5%), extracted with ethyl 
acetate, dried and concentrated to afford 3,5-dibenzyl- 
oxybenzoic acid (5 mg, cu. 4%) as white needles, mp 21 5-21 7 "C 
(lit.,"214-216 "C); v,,,(KBr)/cm-' 3420 (br), 1692, 1596, 1302, 
1167, 695; S,,[CDCI, + (CD,),SO, 300 MHz] cu. 8.3 (br s, 1 H, 
OH), 7.45-7.25 (m, 12 H, OCH2Plz, 2-H and 6-H), 6.85 (t, J2.4, 

75.5 MHz] 168.2 (CO), 159.6 (C-3 and C-5), 136.4 (2 x Ph), 132.8 
(C-l), 128.5 (Ph), 127.9 (Ph), 127.4 (Ph), 108.4 (C-2 and C-6), 

I H, 4-H), 5.09 (s, 4 H, 2 X OCH2Ph); Gc[CDCl, + (CD,),SO, 

107.1 (C-4),70.1 (2 X OCH2);id~334(M+, 1%),91 (C7H7', 100). 

Ethyl 1 -acetoxy-5-benzyloxy-1,2,3,4-tetrahydro-6-methoxy-2- 
oxonaphthalene-1 -carboxylate 36 
The P-keto ester 16 (150 mg, 0.42 mmol) in acetic acid (3 ml) 
was treated with manganese(ir1) acetate ( I  .8 mmol) as for the 
diketone 9. Dry flash-chromatography (hexane-ethyl acetate, 
3: I )  of the crude product gave recovered ester (12 mg, 8%), 
followed by ethyl 1 -acetoxy-5-benzyloxy- 1,2,3,4-tetru/zydro-6- 
n~c.tlioxy-2-oxonuplztliulene- 1 -curboxylute 36 (140 mg, 8 1 %,) as 
cream crystals, mp 108-109 "C (Found: C, 67.0; H, 6.2. Calc. for 
Cz3H2,@7: C, 67.0; H, 5.9%); v,,,(CHCl,)/cm-' 1750, 1495, 
1440, 1285, 1240, 1217, 1080; d,(200 MHz) 7.44-7.30 (m, 5 H, 
OCH2P/i), 7.19 (d, J 8.7, 1 H, 7-H or 8-H), 6.88 (d, J 8.7, 1 H, 8- 
H or 7-H), 5.06 (d, J 1 1  . l ,  1 H, OCH2Ph, part of AB system), 
4.96 (d, J 1 1.1, 1 H, OCH,Ph, part of AB system), 4.254.00 (m, 
2 H, OCH2CH3, diastereotopic), 3.90 (s, 3 H, OCH,), 3.31-2.49 
(m, 4 H, 3-H2, 4-H2, 2nd order), 2.17 (s, 3 H, COCH,), 1.16 (t, J 

166.3 (s, CO), 152.8 (s, C-6 or C-5), 144.2 (s, C-5 or C-6), 137.4 
(s, Ph), 131.7 (s, C-4a or C-8a), 128.4 (d, Ph), 128.3 (d, Ph), 
128.2 (d, Ph), 126.6 (s, C-8a or C-4a), 121.6 (d, C-7 or C-8), 
111.2 (d, C-8 or C-7), 81.6 (s, C-1), 74.7 (t, OCH,Ph), 62.5 
(t, OCH,CH,), 55.8 (9, OCH,), 36.5 (t, C-3 or C-4), 21.5 (t, C-3 
or C-4), 20.8 (4, COCH,), 13.8 (4, OCH,CH,); m/z 412 (M', 

7.2, OCH,CH,); ac(50.3 MHz) 202.3 (s, C-2), 169.0 (s, CO), 

I?)), 91 (C7H7+, 100). 

Oxidation of ethyl 5-(2-benzyloxy-3-methoxypheny1)-3- 
oxopentanoate 16 with manganese(i1i) acetate 
The P-keto ester 16 (50 mg, 0.14 mmol), manganese(ir1) acetate 
dihydrate (80 mg, 0.30 mmol) and glacial acetic acid ( I  ml) were 
stirred for 22 h in a stoppered flask. The brown suspension was 
poured into brine and extracted with ethyl acetate. Gravity 
chromatography (acid-washed silica gel; increasing polarity 
from petroleum spirit-dichloromethane, 1 : 1 ,  to dichlorometh- 
ane) of the dried, evaporated extracts provided ethyl 1 -acetoxy- 
5-benzyloxy- 1,2,3,4-tetrahydro-6-methoxy-2-oxonaphthalene- 
1 -carboxylate 36 (7 mg, 14%), followed by 3-(2-benzyloxy-3- 
nzetltoxyplienyllpropu~ioic acid (20 mg, 50%) as a colourless oil 
(Found: M', 286.1205. Calc. for CI7HlXO4: M ,  286.1205); 
v,,,(film)lcm-' 3500-2400, 1710, 1475, 1270, 1215, 1080, 750, 
700; SH(200 MHz) 7.50-7.30 (m, 5 H, OCH2Plz), 7.05-6.70 (m, 
3 H, Ar 4-H, Ar 5-H and Ar 6-H), 5.04 (s, 2 H, OCH2Ph), 3.89 
(s, 3 H, OCH,), 2.95 (m, 2 H, CH,, 2nd order), 2.60 (m, 2 H, 
CH,, 2nd order); 6,(50.1 MHz) 178.2 (CO), 152.9 (Arc-3 or 
Arc-2), 146.1 (Arc-2 or Arc-3), 137.9 (Ph), 134.3 (Arc-1), 
128.4 (Ph), 128.1 (Ph), 127.9 (Ph), 124.0 (Arc-5 or Arc-6), 
121.8 (Arc-6 or Arc-5), 11 1.1 (Arc-4), 74.6 (OCH,), 55.8 

(C,H7+, IOO), 65 (23). 
(OCH,), 34.4 (C-2), 25.5 (C-3); I ~ Z  286 (M', 6%), 92 (21), 91 

5-Benzyloxy-6-methoxy-3-methy l-l -propionyl-2-naphthoI 33 
To the tetralone 24 (29 mg, 0.07 mmol) in dichloromethane 
( 1  ml) was added silica gel (0.5 g, pH 10). After 16 h, the slurry 
was filtered, the solid washed with ethyl acetate, and the com- 
bined filtrates evaporated to dryness to give a pale yellow 
viscous oil. Gravity chromatography (silica gel, pH 10; 
dichloromethane-petroleum spirit, 1 : 1 )  afforded 5-benzyloxy- 
6-metlioxy-3-metli~~l- 1 -propionyl-2-ntiplitliol 33 (20 mg, 8 1%) 
identical with material obtained earlier. 

6,8-Dibenzyloxy-3-methyl-l -propionyl-2-naphthoI 34 
The diketone 11 (200 mg, 0.46 mmol) in acetic acid (3.3 ml) was 
treated with manganese(ii1) acetate (2.0 mmol) as for the di- 
ketone 9. The crude product was stirred with silica gel ( 1  0 g, pH 
10) in dichloromethane (15 ml) for 19 h. The mixture was 
filtered and the solid washed with ethyl acetate. The combined 
filtrates were evaporated, and the residue in dichloromethane 
filtered through a small plug of silica gel (pH 10) to provide 6,8- 
dibei~zyloxy-3-1?ietliyl- 1 -propionyl-2-nuplitliol 34 (1 33 mg, 68% 
based on the diketone 11)  as pale yellow crystals, mp 36-38 "C 
(Found: C, 79.2; H, 6.4. Calc. for C2nH2hOd. C, 78.9; H, 6.1%); 
v,,,(melt)/cm-' 3450, 1690, 1625, 1605, 1505, 1400, 1255, 
1160, 695; dH(300 MHz) 8.85 (s, 1 H, OH), 7.49-7.34 (m, 1 1  H, 
2 x OCH2Pli and 4-H), 6.79 (d, J 2.2, 1 H, 5-H or 7-H), 6.73 
(d, J 2.2, 7-H or 5-H), 5.13 (s, 2 H, OCH2Ph), 5.11 (s, 2 H, 
OCH2Ph), 2.75-2.55 (m, 2 H, CH,CH,, diastereotopic), 2.36 

(s, CO), 156.2 (s, ArCO), 154.4 (s, ArCO), 152.2 (s, ArCO), 

Ph), 128.4 (d, Ph), 128.3 (d, Ph), 127.9 (d, Ph), 127.8 (d, Ph), 
117.7 (s), 116.5 (s), 101.2 (d, C-5 or C-7), 100.7 (d, C-7 or C-5), 

(s, 3 H, 3-CH3), 0.86 (t, J 7.3, CHZCH,); dc(75.5 MHz) 210.9 

137.0 (s, Ph), 136.1 (s, Ph), 131.7 (d, C-4), 130.4 (s), 128.8 (d, 

71.5 (t, OCH,), 70.2 (t, OCHJ, 37.9 (t, CHZCH,), 16.4 (d, 
3-CH3), 8.8 (q,CH,CH,); t ? 1 / ~  426(M', 2'M,), 91 (C7H;, 100). 

6-Acetylamino-8-benzyloxy-3-methyI-1-propionyl-2-naphthol35 
The tetralone 27 (260 mg, 0.6 mmol) in dichloromethane (20 
ml) was treated with silica gel ( 5  g, pH 10) as for the tetralone 
24. Filtration of the crude product in ethyl acetate through 
a small column of silica gel (pH 10) gave, on concentration of 
the eluent, 6-ucetylu1nino-8-ben~yloxy-3-1?1etliyl- I -propionyl-2- 
nuphthol35 (1 80 mg, 80%) as pale yellow crystals, mp 93-95 "C 
(Found: C, 73.0; H, 6.3; N, 3.5. Calc. for C2,H2,N04: C, 73.2; 
H, 6.1; N, 3.7%)); vmax(KBr)/cm-' 3403, 3304, 2934, 1691, 1665, 
1615, 1586, 1551, 1502, 1457, 1413, 1376, 1333, 1286, 1260, 
1171, 1092,697; 6,(300 MHz) 8.9 (br s, 1 H, NH), 7.80 (br s, 1 
H, OH), 7.45-7.30 (m, 8 H, OCH,PIi, 4-H, 5-H and 7-H), 5.04 
(s, 2 H, OCH2Ph), 2.60 (m, 2 H, CH,CH,, diastereotopic), 2.32 
(s, 3 H, 3-CH3), 2.20 (s, 3 H, NCOCH,), 0.82 (t, J 7.3, 3 H, 
CHZCH,); dc(75.5 MHz) 21 1.0 (s, COCH,CH,), 169.1 (s, 
NCOCH,), 153.6 (s, C-2 or C-S), 153.0 (s, C-8 or C-2), 135.9 (s, 
Ph or C-6), 134.6 (s, C-6 or Ph), 132.0 (d, C-4), 129.8 (s), 128.9 
(s), 128.7 (d, Ph), 128.4 (d, Ph), 127.8 (d, Ph), 119.2 (s, C-3), 
116.3 (s), 109.8 (d, C-5), 102.6 (d, C-7), 71.4 (t, OCH,), 37.9 
(t, CH,CH,), 24.4 (9, NCOCH,), 16.3 (9, 3-CH3), 8.6 
(9, CH,CH,); I??/: 377 (M', 70/), 91 (C7H7+, loo), 43 (CH3CO', 
61). 

Ethyl 5-benzyIoxy-l,2,3,4-tetrahydro-l -hydroxy-6-methoxy-2- 
oxonaphthalene-1-carboxylate 37 and ethyl 5-benzyloxy-2- 
hydroxy-6-methoxynaphthalene-1 -carboxylate 41 
The ester 36 (1 2 mg, 0.03 mmol) in dichloromethane (2 ml) was 
treated with silica gel (1 g, pH 10) as for the tetralone 24. Grav- 
ity chromatography (silica gel, pH 10; increasing polarity from 
dichloromethane to dichloromethane-ethyl acetate, 4 : 1 )  of the 
crude material provided ethyl 5-benzyloxy-2-liydroxy-6- 
iiietlioxynuplitliulene- 1 -curboxylute 41 (2 mg, 20%) (Found: 
M', 352.1310. Calc. for C2,H,0,: M ,  352.1310); dH(300 MHz) 
12.30 (s, 1 H, OH), 8.58 (d, J 9.3, 1 H, 3-H or 4-H), 8.28 (d, J 
9.3, 1 H, 4-H or 3-H), 7.56-7.36 (m, 6 H, OCH,PIz and 7-H or 
8-H), 7.12 (d, J 9.3, 1 H, 8-H or 7-H), 5.17 (s, 2 H, OCH,Ph), 
4.60 (9, J 7.1, 2 H, OCH2CH3), 4.02 (s, 3 H, OCH,), 1.56 (t, J 
7.1, 3 H, OCH2CH3); 6,(75.5 MHz) 172.7 (CO), 163.6 (ArCO), 
147.1 (ArCO), 142.8 (ArCO), 137.7 (Ph), 130.4 (ArCH), 128.7 
(Ph), 128.5 (Ph), 128.3 (Ph), 127.4 (Arc), 125.8 (Arc), 124.9 
(Arc), 121.7 (ArCH), 119.8 (ArCH), 116.8 (ArCH), 75.5 
(OCH,Ph), 61.8 (OCH,CH,), 56.7 (OCH,), 14.1 (OCH,CH,); 

100). 
I??/= 352 (M', 7%), 261 (M' - CH,Ph), 215 (30), 91 (C7H7+, 

Further elution gave ethyl 5-benzyloxq,-l,2,3,4-tctr~i/i~~/ro-l- 
Izy~ro.uy-6-rt1etlioxy-2-oxo1~upl~tliulen~~- I -ctwbo.x-ylute 37 (8 mg, 

2612 J. Clzem. SOC., Perlcin Trans. 1, 1996 
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75%) as a colourless oil (Found: M+, 370.1416. Calc. for 
CzlHz206: M ,  370.141 6); v,,,(CH,Cl,)/cm-' 3460, 1740, 1720, 
1490, 1440, 1280, 1250, 1215, 1080; 6,(300 MHz) 7.43-7.25 
(m, 6 H, OCH,PIz and 7-H or 8-H), 6.97 (d, J 8.7, 1 H, 8-H or 
7-H), 5.06 (d, J 11.2, 1 H, OCH,Ph, part of AB system), 5.01 
(d, J 11.2, 1 H, OCH,Ph, part of AB system), 4.50 (s, 1 H, OH), 
4.16 (9, J 7.1, 2 H, OCH,CH,), 3.94 (s, 3 H, OCH,), 3.23-3.15 
(m, 1 H, CH,), 2.93-2.82 (m, 2 H, CH,), 2.41-2.27 (m, 1 H, 

169.8 (s, CO), 153.0 (s, C-6 or C-5), 144.0 (s, C-5 or C-6), 137.5 
(s, Ph), 131.0 (s, C-4a or C-8a), 128.8 (d, Ph), 128.6 (d, Ph), 
128.4 (d, Ph), 127.7 (s, C-8a or C-4a), 122.4 (d, C-7 or C-8), 
111.4 (d, C-8 or C-7), 79.2 (s, C-1), 74.8 (t, OCH,Ph), 62.5 
(t, OCH,CH,), 55.7 (9, OCH,), 34.1 (t, C-3), 20.6 (t, C-4), 13.7 
(4, OCH,CH,); m/z 370 (M+, l%), 297 (M' - CH,CH,OCO, 
9), 91 (C7H7+, 100). 

CH,), 1.22 (t, J 7.1, OCH2CHJ); ac(75.5 MHz) 207.7 (s, CO), 

I -Acety 1-1 -hydroxy-6,8-dimethoxynaphthalen-2(1 H)-one 40 
The tetralone 29 (80 mg, 0.25 mmol) in dichloromethane (8 ml) 
was treated with silica gel (2 g, pH 10) as for the tetralone 24. 
Dry flash chromatography (hexane-ethyl acetate 1 : 1) of the 
crude produce gave 1 -acetyl- 1 -I~ydroxy-6,8-dimethoxynupl~tlt- 
akn-2( J H)-one 40 (50 mg, 77%) as a viscous orange oil (Found: 
M', 262.0841. Calc. for C,,H,,O,: M ,  262.0841); vmax(fiIm)/ 
cm-' 3390, 1760, 1623, 1371, 1213, 1198, 1160; 6,(300 MHz) 
9.25(s,lH,OH),7.17(d,J8.8,1 H,3-Hor4-H),7.12(d,J8.8, 
1 H, 4-H or 3-H), 6.69 (d, J 2.1, 1 H, 5-H or 7-H), 6.47 (d, J 2.1, 
1 H, 7-H or 5-H), 4.00 (s, 3 H, OCH,), 3.88 (s, 3 H, OCH,), 2.37 
(s, 3 H, COCH,); 6,(75.5 MHz) 169.5 (CO), 157.5 (C-6 or C-8), 
157.1 (C-8 or C-6), 145.0 (CO), 135.2 (C-4a or C-8a), 132.0 
(C-8a or C-4a), 123.2 (C-3 or C-4), 117.7 (C-4 or C-3), 1 1  1.3 
(C-l), 99.3 (C-5 or C-7), 98.2 (C-7 or C-5), 56.2 (OCH,), 55.3 
(OCH,), 20.7 (COCH,); m/z 262 (M+, 12%), 220 (M' - CH,CO, 
loo), 205 (56), 177 (32). 
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