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Abstract — 5-Hydroxybenz[alanthracene, 2-aryl-2,6-dihydroxy-5-formyl-
2,3-dihydronaphtho[1,2-b][1,4]dioxin, and 4-aryinaphthe[2,3-d]1{1,3]-
dioxepin derivatives were synthesized by one-pot photochemical reaction

of 2-bromo-3-methoxy-1,4-naphthoquinone with trialkylsilylenolether.

Polycyclic aromatics have been one of the most attracting classes of compounds due to their
expected physico-chemical as well as biological properties. However, the wider-ranging studies
on the nature of the polycyclic aromatic compounds have been hampered partly because of their syn-
thetic difficulties. The synthetic approaches introducing appropriate substituents into the par-

1)

ent polycyclic aromatics are, in general, rather limited. As an alternative the photochemical

reaction of 2-bromo-3-methoxy-1,4-naphthoquinone with 1,t-diarylethylene can serve to give poly-

2)

cyclic aromatic compounds in fairly good yields. The photochemical reaction, in spite of the

apparent similarity to the thermal Diels-Alder type cyclization reaction, proceeds in regioselec-
tive manner?i) which gives rise to the marked contrast with thermal Diels-Alder type cyc]ization?’
Here the photochemical reactivity of 2-bromo-3-methoxy-1,4-naphthoquinone with 1-aryl-1-trialkyl-
silyloxyethylene was investigated, resulting in the formation of three different classes of poly-
cyclic aromatic compounds?) Of these, 4-arylnaphtho[2,3-d][1,3]dioxepin-6,11-dione and 2-aryl-
2,6-dihydroxy-5-formy1-2,3-dihydronaphtho[1,2-b]1[1,4]dioxin are the new members of polycyclic
aromatic compounds. And the third one, 5-hydroxybenz[aJanthracene derivatives would be expected
to show biological activity as a possible metabolite of benz[aJanthracenes.  Thus, the photo-
chemical reactions of 2-bromo-3-methoxy-1,4-naphthoquinone with T-aryl-1-trialkylsilyloxyethylene

would open a facile synthetic route to the three different classes of polycyclic aromatic com-

pounds.
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Typically a solution of 2-bromo-3-methoxy-1,4-naphthoquinone(la)(1 mmol) in a mixed solvent

(benzena/hexane=20 m1/380 m1} was irradiated by high pressure Hg arc lamp in the presence of 1-t-
buty]dimethy]silonxyethylenegga)(Z mmol}.  The original pale yellow color of the reaction mix-
ture turned to red and 2-bromo-3-methoxy-1,4-naphthoqufn0ne(la) was completely consumed in several
hours at room temperature. Purification of the resulting reaction mixture gave two discrete
classes of final products: 5-t-butyldimethylsilyloxybenz[alanthracene-7,12-dione{4a) and 2-t-
butyldimethylsilyloxy-5-formy1-6-hydroxy-2-pheny1-2,3-dihydronaphtho[1,2-b][1,4]dioxin(5a), accom-
panied by an intermediate, 2-(2-t-butyldimethylsilyloxy-2-phenyl}ethenyl-3-methoxy-1,4-naphtho-
qufnone(ga)(Scheme 1}.  The structure of 4a was determined by deriving Ea to the known compound:
E-methoxybenz[alanthracene-7,1¥2-dione{Scheme 2)§) The structure of 2,3-dihydronaphtho[1,2-b]-
[1,4]diox1n(§a) was suggested by its spectral data and was further confirmed by the chemical reac-

tivities shown in Scheme 3.  2-(2-t-Butyldimethylsilyloxy-2-phenyl}ethenyl-3-methoxy-1,4-naphtho-
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quinone(ga) was found to be a common intermediate to both 43 and 5a, since further irradiation of
33 gave bath 4a and Ha in reasonable yields. Formatfon of 4a via 3a was explained on the basis
of the photochemical cyclization with eliminating methanol. Elemental analysis and the MS data
of 2? indicated that one more oxygen atom should be incorporated in éa during the processes of its
derivation from 3a. Actually, a solution of ga deoxygenated completely by freeze-thaw cycle gave
none of 5a upon irradiation. Thus, the extra-oxygen atom is originated in the dissolved oxygen
in the reacting mixture. The possible routes to ga from ga is tentatively illustrated in
Scheme 4, although the detailed mechanism remains to be clarified. Consequently the yields of

the products are quite dependent upon the irradiation time and the amounts of oxygen present in
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the reacting mixture. The yields shown in Table 1 were based on the starting quinones at a time

when they were completely consumed.  Similarly 1-aryl-1-t-butyldimethylsilyloxyethylene contain-
ing hetero-atom such as ]-E-buty]dimethylsiTy]oxy-]-(z-thienyT)ethy]ene(gf) afforded sulfur-con-
taining polycyclic aromatic compounds, if and Ef, in its reaction with la.

The regioselective cyclization was confirmed by choosing 2-bromo-3-methoxy-1,4-naphthoquinong

derivatives as starting quinone such as 1b and lc. For example, 2-bromo-3,8-dimethoxy-1,4-naph-
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Table 1. Yields of Productslo)

Starting Materials Irradiation Products(%)

1 2 Time(h) 3 4 5

la 24 4 Ja:itrace 4a:12 Sa: 8
2 2b 8 3b:16 4b:13 5b:10
a 2 9 3¢ 9 4c:19 5e:10
?a 2d 5 3d:12 3d:20 Bd: 4
a e 7.5 ae:25 de: 5 He: 6
1a 2f 7 3f: 7 124 BF: 5
1b zp 5 3g:trace 4g: 5 5g: 6
1c Za 6 3h:23 Th:12 Sh: 6

thoquinone(lb) gave exclusively 5-t-butyldimethylsilyloxy-
B-methoxybenz[a]anthracene—?,TZ-dione(ﬂg) and -2-t-butyldi-
methylsilyloxy-5-formyl-6-hydroxy-7-methoxy-2-phenyl-2,3-
dihydronaphtho[],Z-b][],4]d10xin(§g) in its reaction with
Ea. None of the possible isomers, 5-t-butyldimethyl-
si]yloxy-11-methoxybenz[a]anthracene-?,12-d10ne(jh) nor
2-t-butyldimethylsilyloxy-5-formyl-6-hydroxy-10-methoxy-
2-pheny1-2,3-dihydronaphtho[1,2-b][l,4]dioxin(§h), were
detected in the reaction mixture. Those isomers, ﬁh

and 5h, were formed when 2-bromo-3,5-dimethoxy-1,4-
naphthoquinone(lc) was subjected to the reaction with gp.
The regioselective cyclization is reasonably explained

by assuming the step-by-step ring-formation via 3 as an
intermediate{as illustrated in Scheme 1}?i) Of these
products, 5-t-butyldimethylsilyloxybenz[a]anthracene-7,12-
diones, Eg and ﬂﬁ, are easily transformed to the poly-

hydroxy derivatives of benz[aJanthracenes such as 5,8-

dihydroxy- and 5,11-dihydroxybenz{alanthracene, which were

6)

recently suggested to be the ultimate biologically active form. Thus, the present photochemical
reaction could provide a regioselective synthetic method to metabolites of benz[aJanthracenes of
biological importance.

Contrary to 1-aryl-1-t-butyldimethylsilyloxyethylene g, ]—ary1—1—tr1methy1silyloxyethy]ene'Q
behaves in completely different manner when it is subjected to the photochemical reaction with lp,
presumably because of the lability of its ether linkage against hydrolysis. When 2-bromo-3-meth-

oxy-1,4-naphthoquinone lp was irradiated in the presence of E, the possible intermediate analogous

to 3 was not fdentified in the reaction mixture. Instead, 2-{2-aryl-2-oxo)ethyl-1,4-naphthoqui-
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quinone 5 was isolated as well as 4-ary1naphtho[2,3-d][],3]d1’0xepin-6,ﬂ-dione3 (Scheme 5)?)
The former'g may be formed via hydrolysis of the expected 'intermediatez’ and the subsequent keto-
nization. Dioxepin 9 was concluded to be the secondary product derived upon irradiation of ,§,
The authentic sample of 8a was synthesized independently from 2-hydroxy-1,4-naphthoquinone and
pheny]aceta]dehydeg) The structure of [1,3]dioxepin was confirmed by its chemical reactivities
(Scheme 8) as well as its spectral data. Although some possible routes are shown for derivation
of 3 from 8 {Scheme 7), the route {a) would be the most probable on the basis of the result that
no D-atom was incorporated at position of § of,g in its derivation from 2-bromo-3-trideuterio-
methoxy-1,4-naphthogquinone {la—d3). 1-(2-Thienyl}-1-trimethylsilyloxyethylene gc also serves as
a hetero-atom containing silylenclether, resulting in the formation of gc and 9c in dits reaction

with la. The yields of [1,3]dioxepins 9 and their precursors 8 are shown in Table 2.

{Scheme 5}
Table 2. Yields of Products®) % 0CH
Q@R

Starting Materials Products{%) 5 & "

L § 8 9

la ba Ba:28 Sa:12

12 b Bb:22 Gb:16

la be §c:20 9c:12

a)The yields shown were calculated after irradiation for 10h.
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Summarizing the results, the photochemical reaction of 2-bromo-3-methoxy-1,4-naphthoguinones
with T-aryl-1-trialkylsilyloxyethylene proceeds in a quite different manner, depending upon the
lability of the ether linkage against hydrolysis, providing a regioselective one-pot synthetic

route to three different classes of polycyclic aromatic compounds.

Experimental

Photochemical reaction (general procedure 9)

2-Bromo-3-methoxy-1,4-naphthoquinone(la) (1 mmal) was dissolved in an appropriate solvent, e.g.,
benzene/hexane = 20 m1/380 m1, and irradiated by high pressure Hg arc lamp (300W} in the presence
of silylenolether(2}(2 mmol} at room temperature}0‘11) After the complete comsumption of la

(4-9 h}, the reaction mixture was concentrated in vacuo and was chromatographed over silica gel.

Physical properties of the products

Although the intermediate 3 could not be isolated in a pure state due to their high sensitivity
against light, the formation of 3 was unambiguously confirmed by their spectral properties?f)
The yields of 3 were calculated on the basis of the integration of their NMR signals by using the

methyl-H of acetophenone as an internal standard.
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5-t-Buthyldimethylsilyloxybenz[aJanthracene-7,12-dione(4a): pale yellow needles(from hexane-ben-

zene), mp 180,0-180.5°. m/e:388(M').  IR(KBr):1660, 1580, 1300, 1280, 1120.  NMR(CDCI,):s
[0.44(6H,s), 1.13(9H,s), 7.5-7.9(5H,m}, B.16-8.44(3H,m), 9.79{1H,d,J=9Hz}. UV max(CHC1;}{loge):
428(3.47), 363(3.12), 328(3.50), 303(4.50), 292(4.50), 247(4.20).  Calcd for C,,H,,0,51:C,74.19;
H,6.23.  Found:C,74.44;K,6.16.

S-ETButy1dimethy1si1y10xy—2—methy1benz[a]anthracene-?,12-dinne(ib): orange needles{from hexane-
benzene), mp 195.5-196.5°, m/e;402(M+)- IR(KBr):1660, 1580, 1295, 1120, 830.  NMR(CDC1,):6
0.42(6H,s), 1,12(9H,s), 2.59(3H,s), 7.1-8.3(7H,m), 9.95(1H,s}. UV max(CHC]3)(1oga):442{3.58),
369(3.35), 340{3.52), 307(4.53), 297(4.52), 255(4.35). Calcd for C25H26035i:C,74.59;H,6.51.
Found:C,74.67;H,6.57.

5-t-Butyldimethylsilyloxy-2-methoxybenz[alanthracene-7,12-dione{4c}: yellow needles(from ethanol-

chloroform}, mp 191.0-192.0°, m/e:418(H+). IR(KBr}:1660, 1580, 1300, 1230, 1120. NMR(CDC13):
§ 0.42(6H,s), 1.12(9H,s}), 4.02(3H,s), 7.1-7.3(WH,m}, 7.51(IH,s), 7.6-7.8(2H,m), 8.1-8.3{3H.m),
9.24(1H,d,J=3Hz}. UV max(CHCT,)(loge):461(3.64), 379(3.55), 309(4.41), 301(4.43), 261{4.53).
Calcd for C25H260451:C,7].74;6,6.26. Found:C,71.98;H,6.31.

5-t-Butyldimethylsilyloxy-3-methoxybenz[alanthracene-7,12-dione{4d}: yellow needles(from ethanol-

chloroform), mp 180.5-181.5°, m/e:418(M+). IR(KBr):1660, 1580, 1295, 1225, 830. NMR(CDC13):
8 0,841(6H,s), 1.12(9H,s), 3.90(3H,s), 7.2-7.8(5H,m), 8.1-8,3{2H,m}, 9.59(1H,d,d=10Hz). UV max
(CHC13)(1oge):442(3.66}, 425(3.66), 387(3.73), 344(3.63), 314(4.66), 276(4.19), 264(4.19), 243

{4.34), cCalcd for C S§:C,71.74;H,6.26. Found:C,71.98;H,6.38.

2512604
5-1-Butyldimethylsilyloxy-4-methoxybenz[aJanthracene-7,12-dione{4e):red needles{from ethanol-

chloroform), mp 163.5-164.0°. m/e:4]B(M+). IR{KBr):1665, 1580, 1280, 1140, 840. NMR(CDC13):
& 0.36(6H,s), 1.08(%H.s). 3.88(3H,s5}. 6.94(1H.d,J=7Hz), 7.4-7.8(4H.m}, 8.0-8.1(2H,m}, 9.27{1H,d,
J=9Hz). W max{CHC13)(loge):477(3.58), 354(3.74), 316(4.50), 295(4.36}, 250(4.36). Caled for
C25H2604Si:0,71.74;H,6.26. Found;C,71.923H,6.23.

4-t-Butdeimethyl5i1y1oxyanthra[2,1—b]thiophene-ﬁ,ll—dione(ﬁf): yellow crystals{from hexane-

benzene), mp 178.0-179.0°. m/e:394(M+). IR(KBr):1660, 1545, 12595, 825. NMR(CDC13):6 0.39{6H,
s), 1.08(9H,s}, 7.4-7.8(4H,m}, 8.1-8.3(2H,m}, 8.61(1H,d,J=6Hz). v max(CHC13)(1oge):418(3.50),
373(3.37), 306{(4.46}, 292(4.48), 246{(4.23). Calcd for C22H22035iS:C,66.97;H,5ﬁ62; Found:C,
67.02;H,5.67. .

5-t-Butyldimethylsilyloxy-8-methoxybenz[aJanthracene-7.12-dione(4q): yellow needles{from ethanol),

mp 171.0-172.0°. m/e:418(M+). IR(KBr):1660, 1580, 1280, 1115, 865. NMR(CDC]s):G 0.43(6H,s),
1.11(9H,s), 4.02:{3H,s}, 7.1-8.0(6H,m}, 8.27(1H,d,J=BHz), 9.64(1H,d,J=BHz). ¥ max(CHC13)(1oge):
433(3.92), 378{3.56), 302(4.52), 291(4.54). Caled for CopHyc0,51:C,71.743H,6.26.  Found:C,
71.93;H,6.20.
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5-t-Butyldimethylsilyloxy-11-methoxybenz[aJanthracene-7,12-dione{4h): yellow needles(from ethanol),

mp 149.5-150,0°, m/e:418(M+). IR{KBr):1660, 1580, 1290, 1260, 1100. NMR(CDC]3):6 0.40(6H,s),
1.11{9H,s), 4.03(3H,5), 6.9-8.1(6H,m}, 8.25(1H,d,J=8Hz}, 9.40(1H,d,J=8Hz). WV max(CHC]s){loge):
414(3.75), 393(3.76), 337(3.61}, 301(4.60}, 291(4.58). Calcd for CZSH26045i:C,71.74;H,6.26.
Found:C,71.76;H,6.41.
Z-E;Buty1d1methy1si1y10xy-5-formy1-6-hydroxy-2-pheny1-2,3-d1hydronaphtho[1,2—b][1,4]dioxin(§p):

yellow crystals(from petroleum ether}, mp 125.0-126.0°. m/e:436(M+), IR(KBr):1630, 1605, 1310,
960. NMR(CDC]3):6 -0.32{3H,s), -0.17{3H,s), 0.76(9H,s), 3.86{1H,d,J=11Hz), 4.36(1H,d,J=11Hz},
7.4-7.6(4H,m}, 7.6-7.8(3H,m), B8.14(1H,d,J=8Hz), 8.40{1H,d,J=8Hz), 10.20{1H,s), 12.93(1H,s).

uy maX(CHC]3)(1uga):427(3.41), 309(3.69), 300(3.80), 285{4.22), 276(4.17). Caicd for C25H28055i:
C,68.78;H,6.46. Found:C,68.78;H,6.49,
2-t-Butyldimethy1silyloxy-5-formyl-6-hydroxy-2-p~toly1-2,3-dihydronaphtho[1,2-b][1,4 ]dioxin(5b):

yellow crystals(from petroleum ether), mp 132.5-133.0°. m/e:450(M").  IR(KBr):1635, 1310, 1170,
1090, 555. NMR(CDC13):6 -0.32(3H,s), -0.16(3H,s), 0.76(9,s), 4.13(1H,d,J=1THz}, 4.32(IH,d,J9=1
Hz), 7.2-7.8{?H,m), 7.57(2H,d,J=8Kz}, 7.95(2H,d,}=8Hz}, 8.14(1H,d,J=%Hz), 8.37(1H,d,J=0Hz), 10.38
(1H,s), 13.12(TH,s). UV max(CHC15}{Toge):428(3.39), 308(3.66), 286(4.23), 276{4.18). Calcd

for C26H3005Si:69.30;H,6.71. Found:C,69.18;H,6.99.
2-t-Butyldimethylsilyloxy-5-formy1-6-hydroxy-2-p-methoxyphenyi-2,3-dihydronaphtho{1,2-b]{1,41d7oxin

(Sc): yellow crystals{from hexane), mp 128.0-129.0°.  m/e:466(M").  IR(KBr):1630, 1605, 1300,
1185. NMR(CDC13):6 -0.32{3H,s), -0.19(3H,s}, 0.76{9H,s), 3.84(3H,s), 3.81{1H,d,J=11Hz), 4.30{1H,
d,9=11Hz), 6.95(2H,d,J=10Hz), 7.57(2H,d,J=10Hz), 7.3-7.8(2H,m}, 8.09(1H,d,J=8Hz}, B.33{1H,d,J=8Hz},
10.32(1H,s), 13.03(1H,s). UV max(CHC]S){1oge):429(3.52), 309(3.80), 285(4.38), 276(4.35), 241
(3.94). Caled for CZGH30065i:C,66.93;H,5.48. Found:C,67.03;H,6.66.
2-t-Butyldimethyisilyloxy-5-formyl-6-hydroxy-2-m-methoxyphenyl-2, 3-dihydronaphthoi1,2-b]{1,4]djoxin

(Eg): yellow needles(from petroleum ether), mp 103.5-104.5°. m/e:866(MT).  IR{KBr):1835, 1315,
1175, 960. NMR(CDC13}:6 -0.32(3H,s), -0.13(3H,s), 0.77(9H,s}, 3.82(3H,s}, 3.81{1H,d,J=10Hz),
4,30(1H,d,J=10Hz), 6.7-7.7(6H,m), 8.06(1H,d,d=8Hz), 8.31(1H,d,J=8Hz), 10.29{1H,s), 13.01(1H,s).

Uy max{CHC13)(1oge):429(3.46), 310{3.74), 285(4.31), 276(4.28), 242(3.75). Calcd for C26H30055i:
€,66.93;H,6.48.  Found:C,67.02;H,6.50.
2-t-Butyldimethylsilyloxy-5-formyl-6~hydroxy-2-0-methoxyphenyl-2,3-dihydronaphtho{1,2-b][1,4]dioxin

{5e): yellow crystals{from hexane), mp 162.0-162,5°. m/e:466(M").  IR(KBr):1635, 1310, 1245,
1080, 950.  NMR(CDC1,):¢ -0.28{3H,s), -0.21(3H,s), 0.73(9H,s}, 3.87(3H,s}, 4.23(1K,d,9=11Hz), 4.77
(TH,d,0=11Hz), 6.9-7.5(6H,=), 8.15{1H,d,I=8Hz), 8.36(1H,c,J=8Hz), 10.34(1H,s), 13.04(1H,s}. LV
max (CHCT3) (Toge }:435(3.48), 309(3.76), 285(4.35), 277(4.32}, 241(3.78). Calcd for CopHan0gSi:
C,6693;H,6.48.  Found:C,67.18;H,6.69.
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2-t-ButyTldimethyTsilyloxy-5-formyl-6-hydroxy-2-{2-thieny1)-2,3-dihydronaphtho[1,2-b1[1,41dioxin

(éf): yellow crystals{from petroleum ether), mp 144.5-145.5°, m/e:442(M+). IR{KBr}:1635, 1310,
1180, 1100, 990.  NMR(CDC1,):6 -0.24(3H,s), -0.02(3H,s), 0.79(SH,s), 3.99(1H,d,J=11Hz), 4.35(1H,
d,J=11Hz), 6.9-7.8(5H,m), 8.02{1H,d,J=BHz), 8,30(1H,d,J=8Hz), 10.10(1H,s}, 13.18(1H,s). UV max
(CHC]3)(1095):427(3.45), 310(3.72), 285(4.29}, 276(4.25), 243(3.98). Calcd for C23H26053i5:
€,62.42:H,5.92. Found:(C,62,39:4,6.02,
2-t-Butyldimethylsilyloxy-5-formy1-6-hydroxy-7-methoxy-2-phenyl-2,3-dihydronaphtho[1,2-b][1,4]dioxin

(gg): yellow crystals(from hexane), mp 182.0-182.5°. m/e:466(M+). IR(KBr):1625, 1385, 1040.
NMR(CDCT3):6 -0.34(34,s), -0.20(3H,s), 0.76(9H,s), 3.81(1H,d,J=11Hz), 4.01(3H,s), 4.31(1H,d,0=11Hz),
6.7-7.8(8H,m), 10.28(1H,s), 14.78{1H,s}. Uv max(CHC]B)(loge):439{3.90), 313(3.92), 279(4.63).
Caled for C26H30063i:C,66.93;H,6.48. Found:C,67.08;H,6.73.
2-t-Butyldimethylsilyloxy-5-formyl-6~hydroxy-10-methoxy-2-pheny1-2,3-dihydronaphtho[1,2-b]{1,4Jdioxin

(ip}:reddish orange crystals(from hexane), mp 151.0-152.0°. m/e:466(M").  IR(KBr):1630, 1380,
1050. NMR{CDC13):6 -0.36{3H,s}, -0.27(3H,s), 0.72(9H,s), 3.74(1H,d,J=11Hz), 4.17(3H,s), 4.36(1H,
d,J=11Hz}, 6.9-8.0{8H,m), 10.32{1H,s), 12.84(1H,s). uv max(CHC13)(loga):449(3.80), 310(3.97},
301(4.08), 282(4.63). Caled for C26H300651:C,66.93;H,6.48. Found:C,66.7%;H,6.65.

Chemical reactivity of 4a (Scheme 2}.

Step (a): Hydrolysis of the ether linkage of 4a was performed by refluxing the acetic acid selution
of 4a for 3 h. Purification of the reaction mixture by column chromatography on silica gel gave
5-hydroxybenz[aJanthracene-7,12-dione as reddish orange plates{from 1,2-dimethoxyethane}{yield:0}
%), mp253°. IR{KBr):3300, 1660, 1555, 1355. UV max(CHC13)(1oge):441(3.53), 364(3.16), 333
(3.63), 304(4.56), 296(4.55), 252(4.12), 247(4.17). Caled for CqgHhi03:C,78.82:H,3.68.  Found:
€,79.06;H,3.62,

Step {b): 5-Methoxybenz[a]anthracene-7,12-dione was derived by treating of 5-hydroxybenz[alanthra-
cene-7,12-dione with diazomethane in 1,2-dimethoxyethane at room temperature for 1 h, and isolated
as yellow needles(from hexane-benzene){yield:93%}, mp 195.5—196.0°.5)

Chemical reactivity of 5 (Scheme 3).

Step {a): The ethano! sclution (25 m1) of 5d (100 mg) was mixed with aqueous solution (50 m1) of
FeC13-6H20 (125 mg} and conc. HC1 (10 m1).  The reaction mixture was then refluxed for 3.5 h.
Purification of the reaction mixture gave 2-hydroxy-1,4-naphthoquinene (yield:63%} and m-methoxy-
acetophencne(yield:36%).

Step (b): Lithium aluminum hydride (excess amount) was added to the ether solution (8 ml) of 5a
{30 mg) and stirred for 10 min at room temperature. After the usual work-up Z2-t-butyTdimethyisil-
¥loxy-6~hydroxy-5-hydroxymethyl-2-pheny1-2,3-dihydronaphtho[1,2-b][1,4]dioxin was isolated as pale
yellow 011 in quantitative yield. IR(KBr):3360. NMR(CDC13):6 -0.34(3H,s), -0.17{3H,s}, 0.75{(9H,
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), 3.74{1M,d,J=10dz}, 4.19(1H,d,J=10Hz), 5.11(24,s}, 7.2-7.6(6H,m), 8.0-8.4(3H,m).

Step {c): 2-t-ButyldimethyTs{lyloxy-6-hydroxy-5-hydroxymethy1-2-phenyl-2,3-dihydronaphthof),2-h]-
[1,4]dioxin (25 mg) was acetylated with acetic anhydride (10 m1} in the presence of catalytic
amount of pyridine. The reaction mixture was chromatographed over silica gel.  6-Acetoxy-5-
acetoxymethyl-2-t-butyldimethylsilyloxy-2-pheny1-2,3-dihydronaphtho[1,2-b][1,4]dioxin was isolated
as colorless oil in quantitative yield: m/e:522(M+). IR{KBr}:1770, 1740. NMR(CDC13):5 -0.33(3H,
s}, -0.17(3H,s), 0.75(9H,s), 2.03(3H,s}, 2.47(3H,s), 3.85(1H,d,d=11Hz}, 4.37(1H,d,d=11Hz}, 5.33{2H,
s), 7.3-7.8(8K,m), 8.24(1WH,d,0=7Hz}.

§E§E_£E)’ Refluxing of the acetic acid solution {20 ml) of Sa (50 mg) for 2 h afforded the hydro-
1yzed product: 2,6-dihydroxy-5-formyl-2-phenyl-2,3-dihydronaphtho[1,2-b][1,4]dioxin as orange solid
(yield:90%), mp 195,0-197.5°. m/e:322(M+). IR{KBr):3380, 1630, NMR(CDC13):6 4.00(1H,d,J=11Hz),
4.41(1H,d,Jd=11Hz}, 7.4-7.9(7H,m}, 8.07{1H,d,J=8Hz), 8.35(1H,d,J=8Hz), 10.36(1H,s), 13.08(1H,s}.
Step {(e): The methanol solution {20 m1) of 2,6-dihydroxy-5-formyi-2-phenyl-2,3~dihydronaphtho[1,2-
bJEY.4]dioxin (30 mg) was refluxed in the presence of catalytic amount of conc. HI for 2 h.
Purification of the reaction mixture gave 5-formyl-6-hydroxy-2-methoxy-2-phenyl-2,3-dihydronaphtho-
[1,2-b][1,4]dioxin as yellow crystais (yield:95%), mp 163.0-164.0°.  IR(KBr):1640. NMR(CDCla):

& 3.16(3H,s}, 3.94(1H,d,I=T1Hz), 4.47(1H,d,J=1THz), 7.4-7.8(7H.m}, 8.15(1H,d,J=8Hz}, 8.38(1H,d.J=
8Hz), 10.38(1H,s), 13.13(1H,s).

§§SEﬁ£f)‘ Ether exchange reaction was performed by treating the ethanol soTution (20 ml) of 5a

(16 mg} in the presence of catalytic amount of conc. HI under reflux for 2 h.  2-Ethoxy-5-formyl-
6-hydroxy-2-pheny1-2,3-dihydronaphtho[1,2-b][1,4]dioxin was isolated as yellow crystals (yield:
80%), mp 162.0-163.5°. m/e:350(M+). IR(KBr}:1640. NMR(CDC]B):ﬁ 1.02(3H,t,J=7Hz), 3.42(2H,q,
Je7Hz), 3.88(1H,d,J=11Hz), 4.42(1H,d,J=11Hz), 7.3-7.8(7H,m}, 8.06(1H,d,J=8Hz}, 8,30(1H,d,J=8Hz},
10.30{1H,5), 13.00{1H,s}.

2-Methoxy-3-(2-pheny1-2-oxo)ethyl1-1,4-naphthoquinone(ga): yellow plates(from ethanol}, mp 146.0-
148.0°. m!e:306(M+). IR(KBr):1660, 1640. NMR(CDC13):6 4.14(3H,s}, 4.33(2H,s), 7.4-8.3(%,m].
UV max(EtOH)({10ge):430(2.44), 405(2.77), 332(3.48), 278{4.14), 250(4.45)., Caled for C19H]404:
C,74.50;H,4.61. Found:C,74,28;H,4.60.

2-Methoxy-3-{2-p-tolyl-2-oxo)ethyl-1,4-naphthoquinone(8b): yellow plates(from ethanol), mp 133,0-
134.0°. m/e:320(M+). IR{KBr):1865, 1640, 1323. NMR(CDC]3):6 2.47(3H,s5), 4.15{3H,5), 4.34{2H,
s}, 7.39(2H,d,J=8Hz), 7.6~7.9{4H,m), 8.0-§.3(2H,m). UV max{EtOH){loge):425(2.52), 405(2.77), 331
(3.48), 275{4.17), 252(4.48), 247(4.44}. caled for C20H1604:C,74.99;H,5.04. Found:C,74.82;H,
5.04,

2-Methoxy-2-(2-2' -thienyl-2-oxo0)ethy1-1,4-~-naphthoquinone(8c) :orange-yellow needles(from ethanol),

mp 90.0-93.0°. m/e:312(M+). IR(KBr):1665. NMR(CDClS):64.08(3H,s), 4.20(2M,s), 7.0-7.2(1H,m),
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7.5-8.1{6H,m). Caled for C17H]2045:C,65.37;H,3.87;S,10.27. Found:C,65.39;H,3,82;5,10.21.
4-Phenylnaphtho[2,3-d][1,3]dioxepin-6,11-dione(9a) :red needles{from methylene chloride), mp 168.0°.
):8 5.75(2H,s), 6.91{1H,s}, 7.3-8.0(7H,m), B.1-

m/e:304(M").  IR(KBr):1660, 1580, 1560.  NMR(CDCl,
8.3(2H,m). 136-NMR(CDC13):6 94.0(t), 95.0(d}, 123.6, 125.6, 126.3, 128.5, 130.0, 131.3, 131.6,
133.8, 134.3, 155.5, 163.1, 178.0, 183.5. UV max(EtOH){loge):462(3.74), 307(4.36), 224(4.11).
Calcd for C19H]204:C,74.99;H,3.98. Found:C,74.72;H,3.92.

4—Q;Toly1naphtho[2,3-d][1,3]dioxep1n-6,11-dione(2b): red needles(from methylene chloride}, mp

203.0-204.0°. m/e:318(M+). IR(KBr}):1660, 1560, 1295, NMR(CDC]3):6 2.42{(3H,s), 5.67{2H,s),
6.91(1H,s), 7.32(2H,d,J=8Hz), 7.6-7.9{4H,m), 8,1-8.3(2H,m). UV max{EtOH)(Toge):472(3.72}, I
(4.61), 237(4.04). Calcd for C20H1404:C,75.46;H,4.43. Found:C,75.54;H,4.41.

4-{2-Thienyl}naphtho[2,3-d][1,3]dioxepin-6,11-dione(3c): purple-red needles(from methylene chle-

ride), mp 203.0-204.0°. m/e:310{M+). IR{KBr}:1660, 1580, 1295. NMR(CDC13):5 5.62{2H,s), 6.66
(1H,s), 7.00(1H,dd,J=2,4Hz), 7.36{2H,m), 7.5-7.8(2H,m}, 7.9-8.2(2H,m). UV max(EtOH)(loge}:479
(3.83), 324{4.32), 264{(4.04). (Calcd for C17H10045:6,65.80;H,3.25;5,10.33. Found:C,65.42;H,
3.21;5,10.51,

Chemical reactivity of Ja (Scheme 6).

Step {a): Hydrogenation of 9a was performed in the ethanol solution with Pd-charcoal as catalyst
for 6 h (under the hydrogen pressure of 5 kg/cmZ). 4-Phenyl-4,5-dihydronaphtho{2,3-d][1,3]di-
oxepin-6,11-dione was recrystallized from ethancl-methylene chloride as yellow needles {yield:60
%), mp 162.0-163.0°. m/e:306(M+). IR(KBr):1670, 1600, 1250. NMR(CDC]a):é 2.96(1H,dd,J=9,16
Hz), 3.66(1H,dd,J=2,16Hz), 4.65(1H,dd,J=2,94z), 5.04(iH,d,J=7Hz), 5.67(1H,d,J=7Hz), 7.2-7.5(5H,m),
7.5-7.8{2H,m), 7.9-6.2(2H,m), UV max{MeOH)(logc):420(2.54), 330(3.63), 273(4.13), 250(4.29},
244(4.30). Calcd for C]9H1404:C,74.45;H,4.60. Found:C,74.30;H,4.49.

Step {b): The acetic anhydride solution(10m1) of 9a(152 mg) and zink powder(l g) was refluxed for
30 min and the reaction mixture was poured into water. 6,11-Diacetoxy-4-phenylnaphtho[2,3-d]-
[1,3]dioxepin was isolated as colorless crystals {from ethanol)(yield:82%), mp 175.0-176.0°.
m/e:390(M+). IR(KBr):1750, 1370, 1200. NMR(CDCT3):6 2.46(3H,s), 2.51{3H,s), 5.58{2H,s), 6.24
(1H,s), 7.2-7.8{9H,m). LV max(MeOH}(loge):341(4.18), 291(4.37), 284(4.38), 257(4.13), 241(4.18),
233(4.26), 226(4.33). Calcd for C23H]805:C,70.76;H,4.65. Found:C,70.88;H,4.80.

Step {c): The ethanol solution {20 ml) of 9a (152 mg) was treated with hydrobromic acid (48%, 10
drops} in the presence of 2,4-dinitrophenylhydrazine {99 mg)} for 1 day at room temperature.
Purification of the reaction mixture by column chromatography on silica gel gave 2-hydroxy-3-{(2-

12}

phenyl-2-oxo)ethyl-1,4-naphthoguinone and 2,4-dinitrophenylhydrazone of formaldehyde.
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