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for CllH2603Si2: C, 52.51; H, 9.55. Found: C, 52.28; H,  9.63. 
1,3,5,6-Tetramethoxy-8-methylanthraquinone (Erythro-  

laccin Tetramethyl  Ether,  35). A suspension of 3-chloro-5,7- 
dimethoxy-1,4-naphthoquinone30 (34; 379 mg, 1.50 mmol) and 
pentadienes (33a,b; 549 mg, 2.00 mmol) in dry benzene (12 mL) 
was refluxed for 21 days (an extra portion of diene (1.00 mmol) 
was added after 6 days). The residue was heated at 110 “C for 
4 h, hydrolyzed, and methylated in the usual way. Purification 
of the crude product by chromatography (chloroform) and 
crystallization from methanol gave the tetramethyl ether 3 5  243 
mg (47%); mp 155-156 “C (lit.” mp 159 “C); mass spectrum, m / e  
342 (M’). This substance had physical and spectroscopic char- 
acteristics very close to the published data. 

2-Chloro-6- hydroxy-5 -met  hoxy-&methy l -  1 ,4-naphtho-  
quinone (36). Pentadienes 33a,b (686 mg, 2.50 m o l )  were added 
to a suspension of 2,6-dichlorobenzoquinone (6; 354 mg, 2.00 
mmol) in ether (30 mL) at  -120 “C. After being stirred for 15 
min, the mixture was allowed to warm to room temperature (2 
h). The solvent was evaporated and the residue refluxed in 
methanol (20 mL) for 30 min. Naphthoquinone 36 was isolated 
by chromatography (benzene) and crystallization from CC14: 217 

(30) J.-L. Grandmaison and P. Brassard, Tetrahedron, 33,2047 (1977). 

mg (43%); mp 154.0-155.5 OC; A, 218 nm (log c 4.27), 275 (3.82), 
298 (sh, 3.65),420 (3.16); v, (KBr) 3300 (OH), 1650 (C==O), 1618 
and 1587 (C=C) cm-’; NMR (CDC13) S 2.69 (3 H, s,8-CH,), 3.91 
(3  H, s, 5-OCH3), 6.60 (1 H, br s,6-OH), 6.81 (1 H, s,7-H), 7.07 
(1 H, s, 3-H); mass spectrum, m / e  254/252 (M’). This substance 
is somewhat unstable and correct analyses could not be obtained. 
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Thallium trinitrate (TTN) oxidizes 1,5-naphthalenediol ( l a )  and its monomethyl ether ( l b )  in good yield to 
juglone (2a) and its methyl ether (2b), respectively. Oxidation of lb  with TTN in a mixture of ethylene glycol 
and trimethyl orthoformate gave 2c (the 4-monoacetal of 2b), which is a promising intermediate in the synthesis 
of daunomycinone (3a) and some of its analogues. This is the first direct oxidation of a para-unsubstituted phenol 
to a monoacetal of a quinone. 

For some years the synthesis of daunomycinone (3a; see 
Chart I), which is convertible into the important anticancer 
(and cardiotoxic) antibiotic adriamycin (3b), has been 
studied by many research groups.2 We have been inter- 
ested in devising a DCAB regioselective route to 3a and 
some of its analogues, e.g., 3c and the tricyclic compound 

(1) Crouse, D. J.; Wheeler, D. M. S. Tetrahedron Lett. 1979, 4797. 
(2) In 1978 Dr. T. R. Kelley circulated a list of close to 60 research 

groups working on problems related to 3b. For a general survey see: 
Remers, W. A. “The Chemistry of Antitumor Antibiotics”; Wiley: New 
York, 1979; Vol 1, p 95. The following is a sample of recent papers: 
Jackson, D. K.; Narashimhan, L.; Swenton, J. S. J. Am. Chem. Soc. 1979, 
101,3989; J u g ,  M E.; Lowe, J. A.; Lyster, M. A.; Brown, R. N. “Abstracts 
of Papers”, ACS CSJ Chemical Congress, Honolulu, HI, Apr 1979; Am- 
erical Chemical dociety: Washington, DC, 1979; ORGN 281.; Hauser, F. 
M.; Prasanna, S. J. Org. Chem. 1979,44, 2596; Amaro, A.; Carreno, M. 
C.; Farina, F. Tetrahedron Lett. 1979,3983; Russell, R. A.; Collin, G .  J.; 
Sterns, M.; Warmer, R. N. Ibid. 1979, 4229; Carrupt, P. A.; Vogel, R.; 
Ibid. 1979,4533; Kende, A. S.; Rizzi, J.; Riemer, J. Ibid. 1979, 1201; Sih, 
C. J.; Massuda, D.; Corey, P.; Gleim, R. D.; Suzaki, F. Ibid. 1979, 1295; 
Rama Rao, A. V.; Deshpande, V. H.; Laxma Reddy N. Ibid. 1980,2661; 
Terashima S.; Tanno, N.; Koga, K. Ibid. 1980,2749,2753; Bridson, J. N.; 
Bennett, S. M.; Butler, G .  J. Chem. SOC., Chem. Commun. 1980, 413; 
Barton, D. H. R.; Dawes, C. C.; Franceschi, G.; Foglio, M.; Ley, S. V.; 
Magnus, P. D.; Mitchell, W. L.; Temperelli, A. J. Chem. SOC., Perkin 
Trans. 1 1980,643; Parker, K. A.; Kallmarten, J. J. Og. Chem. 1980,45, 
2620; Krohn, K.; Ostermeyer, H. H.; Talkiehn, K. Chem. Ber. 1979,112, 
2640. 
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4.3 A logical starting point is the readily available diol 
la. Two approaches are being examined: in the first the 
methyl ether lb4p5 is acylated at C2 via a photo-Fries re- 
arrangement, and then the oxygen at C4 is introduced;6 in 
the second, which is described in this paper, the oxygen 
at C4 is introduced in 1 to give a compound in which 
further substituenta on the quinone ring can be introduced 
regioselectively . 

As 2b, the methyl ether of juglone, does not undergo 
addition at the double bond regioseledively? we originally 
planned to reduce P-dihydrojuglone (5) regioselectively at 
C4* and later acylate at C2. However, in our hands the 
reduction of 5 was not selective and the route was aban- 

(3) Wheeler, D. M. S. Cancer Chemother. Rep., Part 1 1975,59,258. 
(4) Bentley, W. H.; Robinson, R.; Weizmann, C. J. Chem. Soc. 1907, 

91, 104. 
(5) Rutolo, D.; Lee, S.; Shelden, R.; Moore, H. W. J.  Org. Chem. 1978, 

43, 2304. 
(6) Crouse, D. J.; Hurlbut, S. L.; Wheeler, D. M. S. Synth. Commun. 

1979, 877; J. Org. Chem. 1981,46, 374. 
(7) Cooke, R. G.; Dowd, H.; Segal, W. Aust. J. Chem. 1953, 6, 38. 
(8) Gurevich, A. I.; Kolosov, M. M.; Nametkinena, L. N. J. Gen. Chem. 

USSR (Eng. TransE.) 1968, 38, 1194; cf. Pesterfield, E. C.; Wheeler, D. 
M. S. J.  Org. Chem. 1965,30, 1513; Wheeler, D. M. S.; Wheeler, M. M. 
Ibid. 1962, 27, 3796. 
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Chart I 
OR 
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workers15 found that the oxidation of l a  and lb with 
singlet oxygen gave 2a (70%) and 2b (43%), respectively. 
Oxidation of l a  with peracetic acid gave 2a (45-50%).16 
Jackson and Swentod7 reported that IC can be converted 
into 2b in 65% yield by two anodic oxidations each of 
which was followed by treatment with acid. Rapoport and 
co-workersle described a three-step conversion of l b  into 
2b in good yield. Finally Heinzman and Grunwell report 
the oxidation of 1,5-diacetoxynaphthalene to 2-bromo-5- 
acetoxy- 1,4-naphthoquinone.19 

We tried a series of different conditions for the oxidation 
of la  and l b  using chromate and other reagents.20 Only 
marginal improvements (yields up to 30% ) resulted from 
our work with chromate. Most of the other reagents gave 
juglone, but again the yields were, with the exception of 
thallium trinitrate poor. Starting with the con- 
ditions developed for the oxidation of phenols to qui- 
nones,22 we studied in detail the oxidation of la and l b  
with TTN and obtained good results, with yields usually 
about 60%. Solid supports23 (Celite, Florisil, and molec- 
ular sieves) were also tried; of these, Celite was the most 
satisfactory, leading to a 72% yield of lb. In summary, 
oxidation with TTN gives a satisfactory one-step prepa- 
ration of 2a and 2b from l a  and lb. 

Monoacetal of Juglone Methyl Ether. Monoacetals 
of quinones, which are useful reagents in synthetic work,% 
are made by selective hydrolysis of the diacetals produced 
electrolytically from hydroquinone ethers,25 by electrolysis 
of p-diacetoxybenzene,26 and by oxidation of p-alkoxy- 
 phenol^.^^^^^ McKillop and Taylor22 suggested that the 
monoacetals are the last intermediates on the route by 
which TTN oxidizes a phenol to a quinone but were only 
able to isolate these acetals when they treated a para- 
substituted phenol with TTN in a mixture of methanol 
and trimethyl orthoformate. 

We tried these conditions for the oxidation of lb. The 
NMR (with signals for the two acetal methoxyls a t  6 3.1 
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doned. During this work we investigated the preparation 
of 2a and 2b in detail. 

Preparation of 2a and 2b. Juglone, which has been 
known for about 100 years, is an important compound (cf. 
ref 9) and has until recently only been available in poor 
yield. Despite a claimlo that the diol l a  was oxidized in 
30-40% yield to 2a by dichromate, later workers have 
consistently obtained 15-20% .ll Both juglone and its 
methyl ether have been made indirectly from la, through 
the 4-amino compound which is then oxidized to the 
quinone12J38ib and also through a Diels-Alder addition of 
benzoquinone and 3-metho~y-a-pyrone .~~~ Teubner14 
claimed that the oxidation of la  with Fremy’s salt gave 
a 49% yield of 2a and 50% of the o-quinone. 

Since our work began there have been several reports 
of the preparation of 2a and 2b. Griffiths and his co- 

(9) Muxfeldt, H.; Hardtmann, G. Justus Liebigs Ann. Chem. 1963, 
669, 113; Muxfeldt, H. Angew Chem. 1962, 74, 825; Muxfeldt, H.; 
Hardtmann, G.; Kathawala, F.; Vedejs, E.; Moorberry, J. B. J.  Am. Chem. 
SOC. 1968, 90, 6534. 

(10) Bernthsen, A.; Semper, A. Chem. Ber. 1887,20, 934. 
(11) Willstatter, R.; Wheeler, A. S. Chem. Ber. 1914,47,2796; Fieser, 

L. F.; Dunn, J. T. J.  Am. Chem. SOC. 1937, 59, 1016; Jesaitis, R. G.; 
Krantz, A. J. Chem. Educ. 1972,49,436. 

(12) Fierz-David, H. E.; Blangley, L.; von Krannichfeldt, W. Helu. 
Chim. Acta 1947,30, 816. 

(13) (a) Goldstein, H.; Grandjean, P. Helu. Chim. Acta 1943,26, 181. 
(b) Thomson, R. H.; Race, E.; Rowe, F. M. J .  Chem. SOC. 1947,350. (c) 
Bossard, P.; Fumagalli, S.; Good, R.; Trueb, W.; von Philipsborn, W.; 
Eugster, C. H. Helu. Chim. Acta 1964, 47, 769. 

(14) Teuber, H. J.; Gotz, N. Chem. Ber. 1954, 87, 1326. 

(15) Griffiths, J.; Chu, K.-Y.; Hawkins, C. J.  Chem. SOC., Chem. Com- 

(16) Grindmann, C. Synthesis 1977, 9, 644. 
(17) Jackson, D. K.; Swenton, J. S. Synth. Commun. 1977, 7, 33. 
(18) Hannan, R. L.; Barber, R. B.; Rapoport, H. J.  Org. Chem. 1979, 

44, 2153. 
(19) Heinzman, S. W.; Grunwell, J. R. “Abstracts of Papers” 179th 

National Meeting of the American Chemical Society, Houston, TX, Mar 
1980; American Chemical Society: Washington, DC, 1980, ORGN 171. 

(20) In our work with chromate we changed the time of the oxidation, 
varied the way in which the reagents were combined, and tried various 
two-phase systems including the use of phase-transfer reagenta. In ad- 
dition, metal salts were added during the workup in order to assist the 
isolation of juglone via a metal complex. We also tried the Jones reagent 
and chromium trioxidepyridine in methylene chloride. The other 
reagents included permanganate, nitric acid, sodium bismuthate, air in 
an alkaline medium, hydrogen peroxide in alkaline medium, Fenton’s 
reagent, ceric ammonium nitrate, Fremy’s salt (cf. ref 14), TTN/ceric 
ammonium nitrate, and TNN/potassium periodate. The conversion of 
2,6-dimethylphenol to the corresponding quinone failed with mercuric 
oxide,2l mercuric acetate, and thallium oxide. 

(21) McKillop, A,; Young, D. W. Synth. Commun. 1977, 7, 467. 
(22) McKillop, A.; Perry, D. H.; Edwards, M.; Antus, S.; Farkas, L.; 

Nogradi, M.; Taylor, E. C. J .  Org. Chem. 1976, 41, 282. 
(23) McKillop, A. Pure Appl. Chem. 1975, 43, 463; Taylor, E. C.; 

Chiang, C. S.; McKillop, A,; White, J. F. J.  Am. Chem. SOC. 1977,99,8073. 
McKillop, A.; Young, D. W. Synthesis 1979, 481. 

(24) (a) Buchi, G.; Mak, C. P. J. Am. Chem. SOC. 1977,99,8073. (b) 
Hart, D. J.; Cain, P. A.; Evans, D. A. Ibid. 1979,100,1548. (c) Chenard, 
B. L.; Anderson, D. K.; Swenton, J. S. J .  Chem. SOC., Chem. Commun. 
1980,932. 

(25) Henton, D. R.; Anderson, K.; Manning, M. J.; Swenton, J. S. J. 
Org. Chem. 1980,45,3422. Henton, D. R.; Chenard, B. L.; Swenton, J. 
S. J.  Chem. Soc., Chem. Commun. 1979, 326. Dolson, M. G.; Jackson, 
D. K.; Swenton, J. S. Ibid. 1979, 327. See also earlier references given 
in these papers. 

(26) Carreno, M. C.; Farina, F.; Galan, A.; Garcia R m o ,  J. L. J.  Chem. 
Res (S) 1979, 296; J .  Chem. Res. (M) 1979, 3443. 

(27) Buchi, G.; Chun, P. S.; Happamann, A.; Mak, C. P.; Pearce, A. J .  
Org. Chem. 1978,43, 3989. 

mun. 1976,676. 
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and an AB quartet for the vinyl hydrogens centered at  6 
6.5), IR, and mass spectra of the crude product showed it 
was impure acetal 2d. The material reacted with cyano- 
acetic ester28 but not with isoprene.30 Unfortunately, the 
oxidation of lb  in methanol/methyl orthoformate never 
worked cleanly again, giving mainly 2b with some 2d. The 
oxidation was repeated by using ethylene and propylene 
glycols in place of methanol; the reaction with dry ethylene 
glycol was studied in detail. The crude material from the 
reaction always consisted of a mixture of 2b and 2c, which 
could be separated by medium-pressure liquid chroma- 
tography on silica gel. However, a more convenient me- 
thod of purification was to mix the crude reaction mixture 
with a solution of sodium b i ~ u l f i t e . ~ ~  This led to the 
isolation of pure 2c in yields of about 33%. The structure 
of 2c follows from its composition and spectra. The 
methylene protons in the acetal appear as a AA'BB' pat- 
tern centered at 6 4.3. Hydrolysis of 2c gives the quinone 
2b. 

The isolation of 2c supports the ideas put forward by 
McKillop and Taylor22 for the mechanism of the conver- 
sion of a phenol to a quinone by oxidation with TTN. 
Presumably the naphthalene monoacetal is easier to isolate 
than one in the benzene series because the increase in 
resonance energy in going from the acetal to the quinone 
is less in the naphthalene than in the benzene series. 

The monoacetal2c should be a useful intermediate for 
the synthesis of compounds related to 3 and 4 (cf. ref 244. 
Methyl malonate adds smoothly to 2c to give 7,28 thus 
providing a way of introducing carbon at CB. Isoprene 
failed to add.30 Catalytic hydrogenation of 2c with rho- 
dium (to avoid hydrogen~lysis~~) gave, in good yield, the 
dihydro compound 6, which is a suitable substrate for 
acylation at C z .  

In attempts to extend the oxidation to make other 
quinone monoacetals, we found that oxidation of 2,6-di- 
methylphenol and 1-naphthol with TTN in a mixture of 
ethylene glycol and trimethyl orthoformate gave only small 
yields of the corresponding monoacetals. With the diol 
la the reaction took a different course, and 2e was not a 
product. The oxidation of l b  to 2c appears to be a special 
case; possibly the methoxyl group at C5 provides sufficient 
steric hindrance to the developing carbonyl at C4 to slow 
down the cleavage of the acetal. By contrast, the phenolic 
group in the monoacetal2e could serve as an intramolec- 
ular catalyst for cleavage of the acetal (cf. ref 3), hence the 
difficulty in making this material. 

Experimental Section 
General Methods. Melting points (uncorrected) were obtained 

in capillary tubes by using a Mel-Temp apparatus. NMR spectra 
were recorded on either a Varian Associates A-60D or T-60. All 
chemical shifts are reported in parts per million (6) d o d i e l d  from 
Me4Si as the internal standard. IR spectra were recorded on either 
a Perkin-Elmer 137 or a Beckman Acculab 4 grating spectro- 
photometer. UV spectra were determined on a Cary 14 recording 
spectrophotometer or a Hewlett-Packard 8450. Mass spectra were 
determined on a AEI MS-50 mass spectrometer. Elemental 
analyses were performed by Micro-Tech Laboratories, Inc. 

Preparative TLC utilized Analtech 2013 silica gel of 1-mm 
thickness. Analytical TLC was done on Eastman 13181 silica gel. 

Crouse et  al. 

Column chromatography used Merck No. 9385 silica gel (4W230 
mesh) or basic alumina. 
5-Hydroxy-1,4-naphthoquinone (2a). A solution of 1,5- 

naphthalenediol ( la ;  0.215 g, 1.34 mmol) in methanol (20 mL) 
was added dropwise over 10 min to a solution of thallium(II1) 
nitrate trihydrate (1.097 g, 2.47 mmol) in methanol (20 mL) a t  
0 OC. The mixture was stirred for 10 min more and then filtered. 
The filtrate was passed through Celite, and the solvent was re- 
moved to give dark brown crystals (0.360 g). Chloroform was 
added to this solid, and the solution was filtered. Evaporation 
of the chloroform gave juglone (%a) as an orange solid [mp 150-151 
"C (lit.33 mp 153-154 "C); 0.137 g (64%)] identified by NMR and 
IR spectral comparison with an authentic sample. 
5-Methoxy-1,4-naphthoquinone (2b). A solution of 5- 

methoxy-1-naphthol(2a; 0.137 g, 0.79 mmol) in methanol (10 mL) 
was added dropwise over 10 min to thallium trinitrate trihydrate 
(0.676 g, 1.5 mmol) in methanol (10 mL, 0 "C). The solution was 
stirred for 20 min and filtered. The filtrate was partitioned 
between CH2C12 and saturated brine. The organic phase was dried 
(NaaO,) and then passed through a short alumina column. The 
yellow eluent was evaporated to give the naphthoquinone 2b as 
orange crystals: mp 183-185 "C (lit.'3b mp 189 "C); 77 mg (54%); 
IR (CHC13) Y, 1655, 1585 cm-'; NMR (CDClJ 6 4.0 (s, 3 H), 6.8 
(s, 2 H), 7.2-7.7 (m, 3 H); UV (CH3CN) X 390 nm (c 2800), 244 
(13600). 

Oxidations with TTNKel i t e  Reagent. (a) Preparation 
of Reagent. A solution of TTN (9.18 g, dried over Pz05 and KOH 
in vacuo for 3 h) in methanol/trimethyl orthoformate (l:l, 50 mL) 
was stirred vigorously with acid-washed Celite (24.8 g) for 30 min. 
The solvent was removed in vacuo at 60-70 "C for 1.5 h. The 
resulting powder was used soon (within 2-3 days) for best results. 

(b) Oxidation of lb. The TTN/Celite reagent (1.69 g, 1.06 
mmol of T13+) was added in one portion to a solution of 5- 
methoxy-1-naphthol (lb 0.092 g, 0.53 mmol) in methylene chloride 
(40 mL) at 0 "C. The mixture was stirred vigorously for 45 min 
and then filtered. The filtrate was passed through a short alumina 
column and evaporated to give yellow crystals of 5-methoxy- 
1,4-naphthoquinone [2b; mp 188-189 "C; 0.071 g (72%)] which 
was identified by comparison of its spectra and melting point with 
those of an authentic sample. 

(e) Oxidation of 1-Naphthol. 1-Naphthol (0.4 g, 270 mmol) 
was oxidized by a similar procedure to 1,4-naphthoquinone [mp 
12G121 "C (lit. mp 121 "C); 0.195 g (44%)], identified by com- 
parison of its IR and NMR spectra with those of an authentic 
sample. 

(d) Oxidation of la. Silica gel (approximately 2.5 g) was added 
to the filtrate obtained after oxidizing 1,5-naphthalenediol ( la )  
for 30 min by the procedure described in b. The solvent was 
evaporated and the silica gel placed on a silica gel column. 5- 
Hydroxy-1,4-naphthoquinone (2a; 0.057 g, 12%), identified by 
spectral comparison, was eluted in petroleum ether/ethyl acetate 
(85: 15). 
1,4-Dihydro-4,4-(ethylenedioxy)-5-methoxy-l -oxo- 

naphthalene (2c).% Solutions of 5-methoxy-1-naphthol (2a; 
1.11 g, 6.4 mmol) in trimethyl orthoformate-ethylene glycol (30 
mL, 1:l) and thallium(II1) nitrate trihydrate (5.69 g, 12.8 mmol) 
in TMOF/glycol (30 mL) were added simultaneously to stirred 
TMOF/glycol(40 mL) at -40 OC. The stirring was continued at 
-40 "C for 5 h. The solution was warmed to room temperature 
and filtered. Cold saturated sodium bisulfite was added to the 
filtrate, and this mixture was extracted with ether (4 X 50 mL).31 
The combined extracts were washed thoroughly with saturated 
sodium chloride and dried (Na2S04). The solution was then 
reduced under vacuum to approximately 10 mL, and the pre- 
cipitate was collected. The precipitate in dichloromethane was 
passed through a short alumina column, and the solvent was 
removed to give the acetal 2c as yellow crystals (500 mg, 33%), 
which on crystallization from petroleum ether/ethyl acetate gave 
light yellow crystals: mp 152-154 "C; UV (CH,CN) X 322 nm (t 
2100), 281 (2700), 215 (16000); UV (cyclohexane) X 327 nm ( t  

(28) Parker and KangB have reported the addition of malonate to the 
I-monoacetal of 2b. 

(29) Parker, K. A.; Kang, S.-K. J .  Org. Chem. 1980, 45, 1218. 
(30) Farina and his workersZB have reported Diels-Alder reactions of 

monoacetals of benzoquinone. They used dienes that are more reactive 
than isoprene. 

(31) Alternatively, an organic extract of the crude reaction mixture can 
be shaken with sodium hydrosulfite. 

(32) Roy, S. K.; Wheeler, D. M. S.  J. Chem. SOC. 1963, 2155. 

(33) Bernthsen, A.; Semper, A. Chem. Ber. 1885,18, 203. 
(34) In this experiment the ethylene glycol should be dried over an- 

hydrous CuSO, for 2 days, distilled under vacuum, and kept over mo- 
lecular sieves. TTN should be dried over P205 and KOH in vacuo for 
3-12 h. 
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2300), 276 (3000), 223 (14100); IR (CHCl,) A, 1680,1644,1590, 
1315, 1110 cm-'; NMR (CDC&) 6 3.92 (s, 3 H), 4.17-4.47 (m, 4 

3 H); mass spectrum, m / e  (relative intensity) 232.07355 (M', loo), 
204 (20), 187 (50), 76 (80), calcd for C13H1204 232.07339. Anal. 
Calcd for C13H1204: C, 67.24; H, 5.17. Found: C, 67.26; H, 5.30. 

The monoacetal failed to react with isoprene even in the 
presence of boron trifluoride etherate. 

Hydrolysis of Monoacetal(2c). A solution of the monoacetal 
(2c; 0.043 g, 0.18 mmol) in tetrahydrofuran (10 mL) cind 1 N 
hydrochloric acid (10 mL) was stirred a t  60 "C for 12 h. The 
mixture was poured into saturated sodium hydrogen carbonate 
which was then extracted with ether several times. The combined 
ethereal extracts were dried and evaporated to give red crystals 
(0.047 g) which were dissolved in methylene chloride. This solution 
was passed through a short column of alumina by using methylene 
chloride as the eluent. Evaporation of the yellow eluate gave 
yellow crystals of 5-methoxy-l,4-naphthoquinone [2b  mp 188-189 
"C; 0.030 g (86%)], identified by spectral comparison with an 
authentic sample. 
4-(Ethylenedioxy)-5-methoxy-l-oxo-1,2,3,4-tetrahydro- 

naphthalene (6). A mixture of the quinone acetal 2c (1.21 g, 
5.2 mmol) in ethyl acetate (50 mL) with 5% Rh/C (62 mg)32 was 
shaken with Hz (1 atm) for 1 h and was then filtered. The filtrate 
was evaporated to give yellow-brown crystals (1.26 g) that yielded 
from cyclohexane yellow crystals of 6: mp 96-96.5 "C; 942 mg 
(77%); IR (CHCl,) v 1700, 1590 cm-'; NMR (CDC13) 6 2.1-2.9 
(m, 4 H), 3.8 (s, 3 T4.0-4 .3  (m, 4 H), 7.0-7.8 (m, 3 H); UV 
(cyclohexane) X 306 nm (c 1640), 247 (34301, 238 (3510), 218 
(12 270); mass spectrum, m / e  (relative intensity) 234.08890 (M', 
60), 206 (25), 189 (lo), 178 (1001, calcd for C13H1404 234.08920. 

Oxidation of l b  with TTN in Methanol/Trimethyl Or- 
thoformate. A solution of 5-methoxy-1-naphthol (lb; 0.5 g, 2.9 
mmol) in methanol/trimethyl orthoformate (l:l, 30 mL) was 
added dropwise to a stirred solution of TTN (2.5 g, 5.78 mmol) 
in methanol/trimethyl orthoformate (20 mL) at  -78 "C. The 
stirred mixture was then allowed to warm to room temperature. 
Petroleum ether was added, and the solution was filtered. The 
filtrate was passed through a short alumina column which was 
eluted with petroleum ether. Evaporation of the petroleum ether 
solutions gave greenish brown crystals [mp 172-175 "C; 0.68 g 
(63%)] believed to be compound 2d on the basis of the spec- 

H), 6.19, 6.36, 6.65, 6.82 (AB q, J = 10 Hz, 2 H), 7.07-7.85 (m, 

troscopic properties: IR (CHCld v- 1670,1630,1570 cm-'; NMR 
(CDCl,) 6 3.1 (s, 6 H), 3.9 (8,  3 H), 6.5 (AB q, 2 H), 6.8-7.8 (m, 
3 H); mass spectrum, m / e  (relative intensity) 234 (M', 1.45), 203 
(loo), 188 (43). 

Compound 2d reacts with ethyl cyanoacetate but not isoprene. 
Attempts to repeat the preparation of 2d were not successful. 

Reaction of 2c with Methyl Malonate. The quinone mon- 
oacetal (2c; 0.136 g, 0.59 mmol) in dry methanol (10 mL) was 
added dropwise to a solution of methyl malonate (0.085 g, 0.64 
mmol) and a catalytic amount of sodium methoxide in methanol 
(10 mL). The mixture was stirred overnight at room temperature 
and was then partitioned between ether (25 mL) and saturated 
ammonium chloride (50 mL). The aqueous layer was extracted 
twice more with ether. The combined ethereal extracts were dried 
and evaporated in vacuo to give oily white crystals (0.233 g). These 
crystallized from petroleum ether/ethyl acetate to give the 1,4- 
adduct 7 as colorless crystals: mp 131-133 "C; 0.173 g (80%); 
NMR (CDClJ S 2.7-4.3 (overlapping m with s at  3.63 and 3.80, 
17 H), 6.9-7.6 (m, 3 H); IR (CHClJ v, 1755,1735,1690 cm-'; 
mass spectrum, m / e  (relative intensity) 364.1157 (57), 305 (32), 
233 (401, 178 (loo), calcd for ClsHmOs 364.1158. 
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Aromatization of 1-(trimethylsily1)benzene 1,2-oxide (1) affords a mixture of o-(trimethylsiiy1)phenol and phenol, 
the ratio of which is pH dependent. Aromatization of [5-2H]-l-(trimethyLsilyi)bene l,2-oxide gave the following 
results. (1) At pH 1.1 or 7 all the deuterium label in o-(trimethylsily1)phenol was para to the hydroxyl group. 
(2) At pH 1.1 the phenol formed was exclusively [4-2H]phenol, but at  pH 7 it was 70-75% [4-2H]phenol and 
25-30% [3-2H]phenol. The pathway of the aromatization reaction is discussed. 

Our interest in the pathway of aromatization of arene 
1,Zoxides derives from their possible role as intermediates 
in the ortho hydroxylation of aromatic substrates in bio- 
logical systems.2 Many arene 1,2-oxides, although not 
involved in normal metabolism, are nonetheless of interest 
for further understanding of the effect of the 1-substituent 
in determining the course of the aromatization reaction. 
Interest in the influence of the 1-trimethylsilyl substituent 

in determining the regiospecificity of oxirane ring-opening 
of arene 1,2-oxides follows from the observations that, 
although cations /3 to silicon are stabilized by u--K hyper- 
conjugation and cations a to silicon are destabilized, 
acid-catalyzed reactions of (trimethylsily1)oxiranes nor- 
mally proceed by cleavage of the C-O bond adjacent to the 
trimethylsilyl ~ubst i tuent .~ In a preliminary report4 we 
described the preparation of 1-(trimethylsily1)benzene 
oxide-oxepin (1) and the 2-methyl (2) and 4-methyl (3) 
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