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PHOTOCHEMICAL REACTION OF 2-BROM0-3-METHOXY-1,4-tIAPHTHOQUINONE WITH 
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Abs t rac t  - 5-Hydroxybenz[a]anthracene, 2-aryl-2,6-dihydroxy-5-fomyl- 

2,3-dihydronaphtho[l,Z-b][1,4]dioxin, and 4-arylnaphtho[2.3-d][l,3]- 

d ioxep in  d e r i v a t i v e s  were synthesized by one-pot photochemical r e a c t i o n  

of  2-bromo-3-methoxy-1.4-naphthoquinone w i t h  t r i a l k y l s i l y l e n o l e t h e r .  

P o l y c y c l i c  aromat ics have been one of t h e  most a t t r a c t i n g  c lasses  o f  compounds due t o  t h e i r  

expected physico-chemical as w e l l  as b i o l o g i c a l  p rope r t i es .  However, t h e  w ider - rang ing  s t ud ies  

on t h e  na tu re  o f  the  p o l y c y c l i c  aromat ic compounds havebeen hampered p a r t l y  because of  t h e i r  syn- 

t h e t i c  d i f f i c u l t i e s .  The s y n t h e t i c  approaches i n t r oduc ing  appropr ia te  subs t i t uen t s  i n t o  the  par-  

en t  p o l y c y c l i c  aromat ics are, i n  general ,  r a t h e r  l im i t ed ! )  As an a l t e r n a t i v e  t h e  photochemical 

r e a c t i o n  of 2-bromo-3-methoxy-l,4-naphthoquinone w i t h  1 , l - d i a r y l e t hy l ene  can serve t o  g i v e  po l y -  

c y c l i c  a romat ic  compounds i n  f a i r l y  good y i e l d s .  " The photochemical r eac t i on ,  i n  s p i t e  of  t h e  

apparent  s i m i l a r i t y  t o  the  thermal D ie ls -A lder  t ype  c y c l i z a t i o n  reac t ion ,  proceeds i n  reg iose lec-  

t i v e  manner?i' which g ives  r i s e  t o  t h e  marked c o n t r a s t  w i t h  thermal D ie l s -A lde r  t ype  c y c l i z a t i o n ? )  

Here t h e  photochemical r e a c t i v i t y  of 2-bromo-3-methoxy-1 ,4-naphthoquinone w i t h  l - a r y l - l - t r i a l k y l -  

s i l y l o x y e t h y l e n e  was i nves t i ga ted ,  r e s u l t i n g  i n  t h e  fo rmat ion  o f  t h ree  d i f f e r e n t  c lasses  of  po ly -  

c y c l i c  aromat ic compounds?) Of these, 4-arylnaphtho[2,3-dl[1,3ldioxepin-6,ll-dione and 2-ary l -  

2,6-dihydroxy-5-formy1-2,3-dihydronaphtho[1,2-b1[1,41dioxin a re  t h e  new members of p o l y c y c l i c  

aromat ic compounds. And t h e  t h i r d  one, 5-hydroxybenz[alanthracene d e r i v a t i v e s  would be expected 

t o  show b i o l o g i c a l  a c t i v i t y  as a  poss i b l e  me tabo l i t e  o f  benz[a]anthracenes. Thus, t h e  photo- 

chemical r eac t i ons  o f  2-bromo-3-methoxy-l,4-naphthoquinone w i t h  1-aryl-1-trialkylsilyloxyethylene 

would open a  f a c i l e  s y n t h e t i c  r o u t e  t o  the  t h ree  d i f f e r e n t  c lasses  o f  p o l y c y c l i c  aromat ic com- 

pounds. 



Typ ica l l y  a s o l u t i o n  o f  2-bromo-3-methoxy-l,4-naphthoquinone(Ja)(l mnol) i n  a mixed solvent 

(benzene/hexane=20 m11380 ml )  was i r r a d i a t e d  by h igh  pressure Hg a rc  lamp i n  the  presence o f  1-1- 

butyldimethylsilyloxyethylene(~a)(2 mnol). The o r i g i n a l  pale ye l l ow  c o l o r  of the  reac t i on  mix- 

t u r e  turned t o  red and 2-bromo-3-methoxy-l,4-naphthoquinone(2a) was completely consumed i n  several 

hours a t  room temperature. P u r i f i c a t i o n  o f  the r e s u l t i n g  reac t i on  mix ture  gave two d i sc re te  

classes of f i n a l  products: 5-~-butyldimethylsilyloxybenz[a]anthracene-7,12-dione(~a) and 2-f, 

butyldimethylsilyloxy-5-formyl-6-hydroxy-2-phenyl-2,3-dihydronaphtho[l,2-b][1,4]dioxin~a), accom- 

panied by an intermediate,  2-(2-~-butyldimethylsilyloxy-2-phenyl)ethenyl-3-methoxy-l,4-naphtho- 

quinone(2a)(Scheme 1). The s t ruc tu re  of 4a was determined by d e r i v i n g  !a t o  the  known compound: 

5-methoxybenz[alanthracene-7,12-dione(Scheme 2):) The s t ruc tu re  o f  2.3-dihydronaphtho[l,Z-b]- 

[1,4ldioxin(?a) was suggested by i t s  spect ra l  data and was f u r t h e r  confirmed by t h e  chemical reac- 

t i v i t i e s  shown i n  Scheme 3. 2-(2-~-~utyldimethylsilyloxy-2-phenyl)ethenyl-3-methoxy-l ,4-naphtho- 

(Scheme 1) 

(Scheme 2) 

quinone(3al was found t o  be a comnon intermediate t o  both 3 and ?a, s ince f u r t h e r  i r r a d i a t i o n  of 

3a gave both :a and i a  i n  reasonable y i e l d s .  Formation of t a  v i a  3a was explained on the bas is  " 
of the photochemica1,cyclization w i t h  e l im ina t i ng  methanol. Elemental ana lys is  and the MS data 

o f  i a  i nd i ca ted  t h a t  one more oxygen atom should be incorporated i n  :a dur ing  the processes of i t s  

d e r i v a t i o n  from 3a. Ac tua l l y ,  a s o l u t i o n  o f  :a deoxygenated completely by freeze-thaw cyc le  gave 

none o f  i a  upon i r r a d i a t i o n .  Thus, the extra-oxygen atom i s  o r i g i na ted  i n  the  d isso lved oxygen 

i n  the  reac t i ng  mixture.  The poss ib le  routes t o  :a from ?a i s  t e n t a t i v e l y  i l l u s t r a t e d  i n  

Scheme 4, al though the d e t a i l e d  mechanism remains t o  be c l a r i f i e d .  Consequently the y i e l d s  o f  

the  products are q u i t e  dependent upon the i r r a d i a t i o n  t ime and the amounts o f  oxygen present i n  
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(Scheme 4) 

the reac t i ng  mixture.  The y i e l d s  shown i n  Table 1 were based on t h e  s t a r t i n g  quinones a t  a t ime 

when they were completely consumed. S i m i l a r l y  1-aryl-1-i-butyldimethylsilyloxyethylene contain- 

i n g  hetero-atom such as I-&-butyldimethylsilyloxy-1-(2-thienyl)ethyenef afforded su l fu r -con-  

t a i n i n g  p o l y c y c l i c  aromat ic compounds, 2f and 25, i n  i t s  reac t i on  w i t h  l a .  
w 

The reg iose lec t i ve  c y c l i z a t i o n  was confirmed by choosing 2-bromo-3-methoxy-l,4-naphthoquinon,e 

de r i va t i ves  as s t a r t i n g  quinone such as l b  and ;c. For example, 2-bromo-3,8-dimethoxy-1,4-naph- 
d 



Table 1. Y ie lds  o f  Products 10) 

S t a r t i n g  Ma te r i a l s  I r r a d i a t i o n  Products(%) 

1  2  Time(h) - - 3 4 - 5 - 
l a  Za 4  3a:trace 9 : 1 2  5a: 8 

8 3b:16 4b:13 5b:lO 
9  i c :  9  gc:19 5C: lo  
5  3d:12 4,d:zo 5d: 4  
7.5 i e : 2 5  4e: 5  5e :  6  
7  if: 7 Pf:24 sf: 5 

l b  5  39: t r a c e  49: 5  3s: 6 
1  c  ., 2a * 6 Sh:23 $h:12 5h :  6  

thoqu inone( ib )  gave e x c l u s i v e l y  5 - t -bu ty ld imethy l  s i l y l o x y -  

8-methoxybenz[a]anthracene-7,12-dione(4g) and 2 - t - b u t y l d i -  

methylsilyloxy-5-formyl-6-hydroxy-7-methoxy-2-phenyl-2,3- 

dihydronaphtho[1,2-b][1,4]dioxin(_5g) i n  i t s  r eac t i on  w i t h  

Za. None o f  the  poss i b l e  isomers, 5 - t -bu ty ld imethy l -  * 

~ilyloxy-ll-methoxybenz[alanthracene-7,12-dione(~h) nor  

2-~-butyldimethylsilyloxy-5-formyl-6-hydroxy-lO-methoxy- 

2-phenyl-2,3-dihydronaphtho[l ,2-b] [1,4]d ioxin(~h),  were 

de tec ted  i n  t h e  r e a c t i o n  mix tu re .  Those isomers, $h 

and 5h, were formed when 2-bromo-3,5-dimethoxy-l,4- 

naphthoquinone(Jc) was sub jec ted  t o  the  r e a c t i o n  w i t h  ;a. 

The r e g i o s e l e c t i v e  c y c l i z a t i o n  i s  reasonably exp la ined 

by assuming t h e  step-by-step r i ng - f o rma t i on  v i a  as an 

in te rmed ia te (as  i l l u s t r a t e d  i n  Scheme 1).  2i1 Of these 

products, 5-t-butyldimethylsilyloxybenz[alanthracene-7,12- 

diones, 2g  and dh, a re  e a s i l y  t ransformed t o  t h e  po ly -  

hydroxy d e r i v a t i v e s  o f  benz[a]anthracenes such as 5.8- 

dihydroxy- and 5,ll-dihydroxybenz[alanthracene, which were 

r e c e n t l y  suggested t o  be t h e  u l t i m a t e  b i o l o g i c a l l y  a c t i v e  form.6) Thus, t h e  p resent  photochemical 

r e a c t i o n  cou ld  p rov i de  a  r e g i o s e l e c t i v e  syn the t i c  method t o  me tabo l i t es  o f  benz[alanthracenes o f  

b i o l o g i c a l  importance. 

Contrary t o  1-aryl-1-t-butyldimethylsilyloxyethylene 2 ,  1-aryl-1-trimethylsilyloxyethylene~ 
behaves i n  completely d i f f e r e n t  manner when i t  i s  sub jec ted  t o  t h e  photochemical r e a c t i o n  w i t h  l a ,  

presumably because o f  t h e  l a b i l i t y  o f  i t s  e ther  l i n kage  aga ins t  hyd ro l ys i s .  When 2-bromo-3-meth- 

oxy-1,4-naphthoquinone ;a was i r r a d i a t e d  i n  t h e  presence o f  2, the  poss i b l e  in te rmed ia te  analogous 

t o  3 was n o t  i d e n t i f i e d  i n  t h e  r e a c t i o n  mix tu re .  Instead,  2-(2-aryl-2-oxo)ethyl-1.4-naphthoqui- 
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7 quinone 8 was i s o l a t e d  as we l l  as 4-arylnaphtho[2,3-dl[1,3ldioxepin-6,11-dione~ (Scheme 5 ) .  
4 

The f o n n e r j  may De formed v i a  hydro lys is  of the  expected i n t e r m e d i a t e I  and t h e  subsequent keto- 

n i za t i on .  Dioxepin 2 was concluded t o  be the secondary product der ived upon i r r a d i a t i o n  o f  8. 
The authent ic  sample of ;a was synthesized independently from 2-hydroxy-l,4-naphthoquinone and 

phenylacetaldehyde?) The s t r u c t u r e  o f  [1,3ldioxepin was confirmed by i t s  chemical r e a c t i v i t i e s  

(Scheme 6) as we l l  as i t s  spect ra l  data. Although some poss ib le  routes a re  shown f o r  de r i va t i on  

of 2 from 2 (Scheme 7). t h e  r o u t e  (a) would be the mast probable on the bas is  of the  r e s u l t  t h a t  

no D-atom was incorporated a t  p o s i t i o n  o f  5 o f  2 i n  i t s  d e r i v a t i o n  from 2-bromo-3-tr ideuter io-  

methoxy-l,4-naphthoquinone ( 2 - d 3 )  1-(2-Thieny1)-1-trimethylsilyloxyethylene ;c a l so  serves as 

a hetero-atom conta in ing s i l y l e n o l e t h e r ,  r e s u l t i n g  i n  the fo rmat ion  o f j c  and_9c i n  i t s  reac t i on  

w i t h  2. The y i e l d s  o f  [1,3]dioxepins 2 and t h e i r  precursors j are  shown i n  Table 2. 

(Scheme 5) 

Table 2. Y ie lds  o f  productsa) 

S t a r t i n g  Mater ia ls  Products(%) & , "F~ 
L 4; 3, 2 0 0 

8 c  
la Ba 4a:28 2a: lZ  
l a  5 b  Bb:22 jb :16 
b 5c &:20 - 9c:12 

a)The y i e l d s  shown were ca lcu la ted a f t e r  i r r a d i a t i o n  f o r  10h. 

9c .-, 

(Scheme 6) 



(Scheme 7) 

Sumnarizing the results, the photochemical reaction of 2-bromo-3-methoxy-l,4-naphthoquinones 

with 1-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 pro~edure,)~) 

2-Brom0-3-methoxy-l,4-naphthoquinone(~a)(l mol) was dissolved in an appropriate solvent, e.q., 

benzene/hexane = 20 m1/380 ml, and irradiated by high pressure Hg arc lamp (300W) in the presence 

of silylenolether(;)(2 mnol) at room After the complete comsumption of Ja 

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

Phvsical properties of the products 

Although the intermediate ;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 o f 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-~-Buthyldimethylsilylaxybenz[a]anthracene-7,12-dionea: pale yellow needles(from hexane-ben- 

zene), mp 180.0-180.5". m/e:388(~+). IR(KBr):1660, 1580, 1300, 1280, 1120. NMR(CDC13):6 

,0.44(6H,s), 1.13(9H,s), 7.5-7.9(5Hlm), 8.16-8.44(3H,m), 9.79(1H,d,J=9Hz). UV max(CHCl3)(1og6): 

428(3.47), 363(3.14), 328(3.50), 303(4.50), ZgZ(4.50). 247(4.20). Calcd for C24H2403Si:C,74.19; 

H.6.23. Found:C,74.44;H,6.16. 

5-~-Butyldimethylsilyloxy-2-methylbenz~alanthracene-7,12-dione(~b): orange needles(from hexane- 

benzene), mp 195.5-196.5'. m/e:402(~+). IR(KBr):1660, 1580, 1295, 1120, 830. NMR(CDC13):6 

0.42(6H,s), 1,12(9H,s), 2.59(3H,s), 7.1-8.3(7H,m), 9.%(lH,s). UV max(CHCl3)(logc):442(3.58), 

369(3.35), 340(3.52), 307(4.53), 297(4.52), 255(4.35). Calcd for C25H2603Si:C,74.59;H,6.51. 

Found:C,74.67;H,6.57. 

5-~-Butyldimethylsilyloxy-2-methoxybenz[alanthracene-7,12-dione(c): yellow needles(from ethanol- 

chloroform), mp 191.0-192.0'. n/e:418(tIt). IR(KBr):1660, 1580, 1300, 1230, 1120. NMR(CDC13): 

6 0.42(6H.s), 1.12(9H,s), 4.02(3H,s), 7.1-7.3(1H,m), 7.51(1H,s), 7.6-7.8(2H,m), 8.1-8.3(3H,m), 

9.24(1H,d,J=3Hz). UV max(CHC13)(loge):461 (3.64), 379(3.55), 309(4.41), 301(4.43), 261(4.53). 

Calcd for C25H2604Si:C,71.74;C,6.26. Found:C,71.98;H,6.31. 

5-~-Butyldimeth~lsilyloxy-3-methoxybenz[a]anthracene-7,12-dione($d): yellow needles(from ethanol- 

chloroform), mp 180.5-181.5'. m/e:418(tqt). IR(KBr):1660, 1580, 1295, 1225, 830. NMR(CDCI~): 

6 0.41(6H,s), 1.12(9H,s), 3.90(3H,s), 7.2-7.8(5H,m), 8.1-8.3(2H,m), 9,59(lH,d,J=lOHz). UV max 

(CHC13)(logc):442(3.66), 425(3.66), 387(3.73), 344(3.63), 314(4.66), 276(4.19), 264(4.19), 243 

(4.34). Calcd for C25H2604Si:C.71.74;H,6.26. Found:C,71.98;H,6.38. 

5-~-Butyldimethylsilyloxy-4-methoxybenz~alanthracene-7,12-dione(~e):red needles(from ethanol- 

chloroform), mp 163.5-164.0'. rn/e:418(~+). IR(KBr):1665, 1580, 1280, 1140, 840. NMR(CDC13): 

6 0.36(6H,s), 1.08(9H.s), 3.88(3H,s). 6.94(lH.d.J=7Hz). 7.4-7.8(4H,m), 8.0-8.1(2H,m), 9.27(1H,d, 

J=9Hz). UV max(CHCl3)(loge):477(3.5B), 354(3.74), 316(4.50), 295(4.36), 250(4.36). Calcd for 

C25H2604Si:C,71.74;H,6.26. Found;C,71.92;H,6.23. 

4-~-Butyldimethylsilyloxyanthra[2,1-blthiophene-6,11-dione($f): yellow crystals(from hexane- 

benzene), rnp 178.0-179.0'. m/e:394(~+). IR(KBr):1660, 1545, 1295, 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). UV max(CHCl3)(loge):4l8(3.50), 

373(3.37), 306(4.46), ZgZ(4.48). 246(4.23). Calcd for C22H2203SiS:C,66.97;H,5:62. Found:C, 

67.02;H,5.67. 

5-~-Butyldimeth~lsilyloxy-8-methoxybenz[alanthracene-7,12-dione(~g): yellow needles(from ethanol), 

rnp 171.0-172.0". m/e:418(~+). IR(KBr):1660, 1580, 1280, 1115, 865. NMR(CDC13):6 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). UV max(CHCl3)(logs): 

433(3.92), 378(3.56), 302(4.52), Zgl(4.54). Calcd for C25H2604Si:C,71.74;H.6.26. Found:C, 

71.93;H,6.20. 



5-~-Butyldimethylsilyloxy-ll-methoxybenz[a]anthracene-7,12-dioneh): yellow needles(from ethanol), 

mp 149.5-150.0'. m/e:418(~+). IR(KBr):1660, 1580, 1290, 1260, 1100. NMR(CDC13):6 0.40(6H,s), 

1.11(9H,s), 4.03(3H,s), 6.9-8.1(6H,m), 8,25(1H,d,J=8Hz), 9.40(1H,d,J=8Hz). UV max(CHC13)(log~): 

414(3.75), 393(3.76), 337(3.61), 301(4.60), 291(4.58). Calcd for CZ5H2604Si:C,71.74;H,6.26. 

Found:C,71.76;H,6.41. 

2-~-Butyldimethylsilyloxy-5-fomyl-6-hydroxy-2-phenyl-2,3-dihydronaphtho[l ,2-b][1,4]dioxin(5a): 

yellow crystals(from petroleum ether), mp 125.0-126.0'. m/e:436(~+). IR(KBr):1630, 1605, 1310, 

960. NMR(CDC13):6 -0.32(3H,s), -0.17(3H,s), 0.76(9H,s), 3.86(1H,d,J=llHz), 4.36(1H,d,J=llHz), 

7.4-7.6(4H,m), 7.6-7.8(3H,m), 8.14(1H,d,J=8Hz), 8,40(1H,d,J=8Hz), 10.2O(lH,s), 12.93(1H,s). 

UV max(CHC13)(10g~):427(3.41), 309(3.69), 300(3.80), 285(4.22), 276(4.17). Calcd for C25H2805Si: 

C,68.78;H,6.46. Found:C,68.78;H,6.49. 

2-~-8utyldimethylsilyloxy-5-formyl-6-hydroxy-2-~-tolyl-2,3-dihydronaphtho[l,2-b][1,4]dioxin(~b): 

yellow ct-ystals(from petroleum ether), mp 132.5-133.0'. m/e:450(~+). IR(KBr):1635, 1310, 1170, 

1090, 955. NMR(CDC13):6 -0.32(3H,s), -0,16(3H,s), 0.76(9H,s), 4.13(1H,d,J=llHz), 4,32(1H,d,J=ll 

Hz), 7.2-7.8(2H,m), 7,57(2H,d,J=EHz), 7.95(2H,d,J=EHz), 8.14(1H,d,~=9Hz), 8.37(1H,d,J=9Hz), 10.38 

(lH,s), 13.12(1H,s). UV max(CHCl3)(1ogc):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-~-Butyldimethylsilyloxy-5-formyl-6-hydroxy-Z-~-methoxyphenyl-2,3-dihydronaphtho[l,2-b][1,4ldioxin 

(ic): yellow crystals(fr0m hexane), mp 128.0-129.0'. m/e:466(~+). 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=llHz), 4.30(1H, 

d,J=llHz), 6,95(2H,d,J=lOHz), 7,57(2H,d,J=lOHz), 7.3-7.8(2H,m), 8.09(1H,d,J=8Hz), 8,33(1H,d,J=8Hz), 

10.32(1H,s), 13.03(1H,s). UV max(CHCl3)(1og~):429(3.52), 309(3.80), 285(4.38), 276(4.35), 241 

(3.94). Calcd for C26H3006Si:C,66.93;H,6.48. Found:C,67.03;H,6.66. 

2-~-Butyldimethylsilyloxy-5-formyl-6-hydroxy-2-m-methoxyphenyl-2,3-di hydronaphtho[l,2-b][1,4]dioxin 

(2d): yellow needles(from petroleum ether), mp 103.5-104.5'. m/e:466(Mt). IR(KBr):1635, 1315, 

1175, 960. NMR(CDC13):6 -0.32(3H,s), -0.13(3H,s), 0.77(9H,s), 3.82(3H,s), 3,81(lH,d,J=lOHz), 

4.30(1H,d,J=lOHz), 6.7-7.7(6H,m), 8.06(1H,d,J=8Hz), 8.31(1H,d,J=8Hz), 10.29(1H,s), 13.01(1H.s). 

UV max(CHC13)(log~l:429(3.46), 310(3.74), 285(4.31), 276(4.28), 242(3.75). Calcd for C26H3006Si: 

C,66.93;H,6.48. Found:C,67.02;H,6.50. 

2-~-Butyldimethylsilyloxy-5-formyl-6-hydroxy-2-~-methoxyphenyl-2,3-dihydronaphtho[l,2-b][1,4]dioxin 

(?el: yellow crystals(from hexane), mp 162.0-162.5'. m/e:466(Mf). IR(KBr):1635, 1310, 1245, 

1080, 950. NMR(CDC13):6 -0.28(3H,s), -0,21(3H,s), 0.73(9H,s), 3.87(3H,s), 4.23(1H,d,J=llHz), 4.77 

(lH,d,J=lIHz), 6.9-7.5(6H,?:), 8.15(1H3d,J=8Hz), 8.36(1H,d,J=RHz), 10,34(1H,s), 13.04(1H,s). UV 

max(~~~l~)(lo~,):435(3,48), 309(3.76), 285(4.35), 277(4.32), 241(3.78). Calcd for C26H3006Si: 

C96693;H,6.48. Found:C,67.18;H,6.69. 
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2-~-Butyldimethylsilyloxy-5-formyl-6-hydroxy-2-(2-thienyl)-2,3-dihydronaphtho[l.Z-bl[l,4ldioxin 
t 

(zf): yellow crystals(fr0m petroleum ether), mp 144.5-145.5'. m/e:442(M ). IR(KBr):1635, 1310, 

1180, 1100, 990. NMR(CDC13):6 -0.24(3H,s), -O.O2(3H,s), 0.79(9H,s), 3,99(lH,d,J=llHz), 4.35(1H, 

d,J=lIHz), 6.9-7.8(5H,m), 8.02(1H,d,J=8Hz), 8,30(lH,d,J=BHz), IO.lO(lH,s), 13.18(1H,s). UV max 

(CHCI3)(log6):427(3.45), 310(3.72), 285(4.29), 276(4.25), 243(3.98). Calcd for C23H2605SiS: 

C,62.42;H,5.92. Found:C,62.39;H,6.02. 

2-~-Butyldimethylsilyloxy-5-formyl-6-hydroxy-7-methoxy-2-phenyl-2,3-dihydronaphtho[1,2-b][1,4]dio~ 

(59): yellow crystals(from hexane), mp 182.0-182.5'. mle:466(~'). IR(KBr):1625, 1385, 1040. 

tin - 

NMR(CDC13):B -0.34(3H1s), -0.20(3H,s), 0.76(9H,s). 3.81(1H,d,J=llHz), 4.01(3H,s), 4.31(1H,d,J=llHz), 

6.7-7.8(8H,m), 10.28(1H,s), 14.78(1H,s). UV max(CHCI3)(logc):439(3.90), 313(3.92), 279(4.63). 

Calcd for C26H3006Si:C,66.93;H,6.48. Found:C,67.08;H,6.73. 

2-~-Butyldimethylsilyloxy-5-formyl-6-hydroxy-lO-methoxy-2-phenyl-2,3-dihydronaphtho[l,2-b][1,4]dioxin 

(y):reddish orange crystals(fr0m hexane) , mp 151 .O-152.0". m/e:466(~+). 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=llHz), 4.17(3H,s), 4.36(1H, 

d,J=llHz), 6.9-8.0(8H,m), 10.32(1H,s), 12.84(1~,s). UV max(CHC13)(loge):449(3.80), 310(3.97), 

301(4.08), 282(4.63). Calcd for C26H3006Si:C,66.93;H,6.48. Found:C,66.79;H,6.65. 

Chemical reactivity of $a (Scheme 2). 

Step: Hydrolysis of the ether linkage of La was performed by refluxing the acetic acid solution 
of ia for 3 h. Purification of the reaction mixture by column chromatography on silica gel gave 

5-hydroxybenzlalanthracene-7,12-dione as reddish orange plates(from 1.2-dimethoxyethane)(yield:91 

%), mp253". IR(KBr):3300, 1660, 1555, 1355. UV max(CHCl3)(1ogc):441(3.53), 364(3.16), 333 

(3.63), 304(4.56), 296(4.55), 252(4.12), 247(4.17). Calcd for C18H1003:C,78.82;H,3.68. Found: 

C,79.06;H,3.62. 

Step (b): 5-Methoxybenz[a]anthracene-7.12-dione was derived by treating of 5-hydroxybenz[a]anthra- 

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): The ethanol solution (25 ml) of 5d (100 mg) was mixed with aqueous solution (50 ml) of 

FeC13. 6H20 (125 mg) and conc. HC1 (10 ml). The reaction mixture was then refluxed for 3.5 h. 

Purification of the reaction mixture gave 2-hydroxy-1.4-naphthoquinone (yield:63%) and m-methoxy- 

acetophenone(yield:36%). 

-0: Lithium aluminum hydride (excess amount) was added to the ether solution (8 ml) of >a 

(30 mg) and stirred for 10 min at room temperature. After the usual work-up 2-t-butyldimethylsil- 

yloxy-6-hydroxy-5-hydroxmethyl-2-phenyl-2,3-dihydronaphtho~l,2-b1[1,4ldioxin was isolated as pale 

yellow oil in quantitative yield. IR(KBr):3360. NMR(CDC13):6 -0.34(3H,s), -0.17(3H,s), 0.75(9H, 



s), 3.74(1H,d.J=10Hz), 4.19(1H,d,J=lOHz), 5,11(2H,s), 7.2-7.6(6H,m), 8.0-8.4(3H,m). 

Step): 2-~-Butyldimethylsilyloxy-6-hydroxy-5-hydroxpethyl-2-phenyl-2,3-dihydronaphtho[1,2-b]- 
[1,4]dioxin (25 mg) was acetylated with acetic anhydride (10 ml) in the presence of catalytic 

amount of pyridine. The reaction mixture was chromatographed over silica gel. 6-Acetoxy-5- 

acetoxymethyl-2-~-butyldimethylsilyloxy-2-phenyl-2,3-dihydronaphtho[l,2-b][l,4]dioxin was isolated 
+ as colorless oil in quantitative yield: m/e:522(M ) .  IR(KBr):1770, 1740. NMR(CDC13):6 -0.33(3H, 

s), -0.17(3H.s), 0.75(9H.s), 2.03(3H,s), 2.47(3H.s), 3,85(1H,d,J=llHz), 4.37(1H,d,J=llHz), 5.33(2H, 

s), 7.3-7.8(8H,m). 8,24(1H,d,J=7Hz). 

Step (d): Refluxing of the acetic acid solution (20 ml) of ;a (50 mg) for 2 h afforded the hydro- - 
lyzed product: 2,6-dihydroxy-5-formyl-2-phenyl-2,3-dihydronaphtho[1,2-b1[1,4ldioxin as orange solid 

(yield:90%), mp 195.0-197.5°. m/e:322(~+). IR(~Br):3380, 1630. NMR(CDC13):6 4.00(1H,d,J=llHz), 

4.41 (lH,d,J=llHz), 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). 

-0: The methanol solution (20 ml) of 2,6-dihydroxy-5-formyl-2-phenyl-2,3-dihydronaphtho[l,2- 

b][l,4ldioxin (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][l,4]dioxin as yellow crystals (yield:95%), mp 163.0-164.0°. IR(KBr):1640. NMR(CDC13): 

6 3.16(3H,s), 3.94(1H,d,J=llHz), 4.47(1H,d,J=llHz), 7.4-7.8(7H,m), 8.15(lH,d,J=8Hz), 8.38(1H,d,J= 

8Hz), 10.38(1H,s), 13.13(1H,s). 

Step (f): Ether exchange reaction was performed by treating the ethanol solution (20 mi) of za - 
(16 mg) in the presence of catalytic amount of conc. HI under reflux for 2 h. 2-Ethoxy-5-formyl- 

6-hydroxy-2-phenyl-2,3-dihydronaphtho[l.2-b][1,4ldioxin was isolated as yellow crystals (yield: 

BOX), mp 162.0-163.5'. m/e:350(~+). IR(KBr):1640. NF!R(CDC13):6 1.02(3H,t.J=7Hz), 3.42(2H,q, 

J=7Hz), 3.88(1H,d,J=llHz), 4.42(1H,d,J=llHz), 7.3-7.8(7H,m), 8.06(1H,d.J=8Hz), 8.30(1H,d,J=8Hz), 

10.30(1H,s), 13.00(1H,s). 

2-Methoxy-3-(2-phenyl-2-oxo)ethy1-1,4-naphthoquinone(gp): yellow plates(from ethanol), mp 146.0- 

148.0'. m/e:306(b?). IR(KBr):1660, 1640. NMR(CDC13):6 4.14(3H,s), 4.33(2H,s), 7.4-8.3(9H,m). 

UV max(EtOH)(logc):430(2.44), 405(2.77), 332(3.48), 278(4.14), 250(4.45). Calcd for C19H1404: 

C,74.50;H,4.61. Found:C,74.28;H,4.60. 

2-Methoxy-3-(2-~-tolyl-2-oxo)ethyl-1,4-naphthoquinone(~b): yellow plates(from ethanol), mp 133.0- 

134.0". m/e:320(~+). IR(KBr):1665, 1640, 1323. NMR(CDC13):6 2.47(3H,s), 4.15(3H,r), 4.34(2H, 

s), 7.39(2H,d.J=8Hz), 7.6-7.9(4H,m), 8.0-8.3(2H,m). UV max(EtOH)(loge):425(2.52), 405(2.77), 331 

(3.481, 275(4.17), 252(4.48), 247(4.44). Calcd for C20H1604:C,74.99;H,5.04. Found:C,74.82;H, 

5.04. 

2-Methoxy-2-(2-2'-thienyl-2-oxo)ethyl-1,4-naphthoquinone(~c):orange-yellow needles(from ethanol), 

mp 90.0-93.0". m/e:312(~+). IR(KBr):1665. NMR(CDC13):s4.08(3H,s), 4.20(2H,s), 7.0-7.2(1H,m), 
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7.5-8.1(6H,m). Calcd for Cl7Hl2O4S:C,65.37;H,3.87;S,IO.27. Found:C,65.39;H.3.82;S,lO.21. 

4-Phenylnaphtho[2,3-dl[l,3]dioxepin-6,ll-dione():red needles(from methylene chloride), mp 168.0". 

m/e:3~(~+). IR(KBr):1660, 1580, 1560. NMR(CDC13):6 5.75(2H,s), 6.91(1H,s), 7.3-8.0(7H,m), 8.1- 

8.3(2H,m). 1 3 ~ - ~ ~ ~ ( ~ ~ ~ 1 3 ) : a  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)(log~):462(3.74), 307(4.36), 224(4.11). 

Calcd for ClgH1204:C,74.99;H,3.98. Found:C,74.72;H.3.92. 

4-p-Tol~lna~htho[2,3-dl[l,3ldioxepin-6,11-dione(~b): red needles(from methylene chloride), rnp 

203.0-204.0'. m/e:318(~+). IR(KBr):1660, 1560, 1295. NMR(CDC13):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)(log~):472(3.72), 311 

(4.611, 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-dl[l,3ldioxepin-6,11-dione(~c): purple-red needles(from methylene chlo- 

ride), mp 203.0-204.0'. m/e:310(~+). IR(KBr):1660, 1580, 1295. NMR(CDC13):6 5.62(2H,s), 6.66 

(lH,s), 7.00(lH,dd,J=2,4Hz), 7.36(2H,m), 7.5-7.8(2H,m), 7.9-8.2(2H,m). UV max(EtOH)(logc):479 

(3.83). 324(4.32), 264(4.04). Calcd for C17H1004S:C,65.80;H,3.25;S,10.33. Found:C,65.42;H, 

3.21;5,10.51. 

Chemical reactivity of 9a (Scheme 6). 

Step (a): Hydrogenation of _9a was performed in the ethanol solution with Pd-charcoal as catalyst - 
2 for 6 h (under the hydrogen pressure of 5 kg/cm ) .  4-Phenyl-4,5-dihydronaphtho[2,3-d][1,3]di- 

oxepin-6,ll-dione was recrystallized from ethanol-methylene chloride as yellow needles (yield:60 

%), mp 162.0-163.0". m/e:306(~+). IR(KBr) :l67O, 1600, 1250. NMR(CDC13):6 2.96(1H,dd,J=9,16 

Hz), 3.66(1H,dd,J=2,16Hz), 4,65(1H,dd,J=2,9Hz), 5,04(1H,d,J=7Hz), 5,67(1H,d,J=7Hz), 7.2-7.5(5H,m), 

7.5-7.8(2H.m), 7.9-8.2(2H,ml. UY max(MeOH)(logc):420(2.54), 330(3.63), 273(4.13), 250(4.29), 

244(4.30). Calcd for ClgHl4O4:C,74.45;H,4.6o. Faund:C,74.30;H.4.49. 

Step (b): The acetic anhydride solution(l0nl) of ja(152 mg) and zink powder(1 g) was refluxed for - 
30 min and the reaction mixture was poured into water. 6,ll-Oiacetoxy-4-phenylnaphtho[2,3-dl- 

[1,3]dioxepin was isolated as colorless crystals (from ethanol)(yield:82%), mp 175.0-176.0'. 

m/e:390(~*). IR(KBr):1750, 1370, 1200. NMR(CDC13):6 2.46(3H,s), 2.51(3H,s), 5.58(2H,s), 6.24 

(IH,s), 7.2-7.8(9H,m). UV max(MeOH)(log~):341(4.l8), 291(4.37), 284(4.38), 257(4.13), 241(4.18), 

233(4.26), 226(4.33). Calcd for C23H1806:C,70.76;H,4.65. Found:C,70.88;H,4.80. 

Step (c): The ethanol solution (20 m1) of ?a (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- 

phenyl-2-0xo)ethyl-1.4-naphthoquinone12) and 2.4-dinitrophenylhydrazone of formaldehyde. 
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