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Table 1. “C NMR spectral data of dihydrogranaticin 2 and dihydrogrananticin methyl ester 3 

c no. 

2 UMSO d6, TFA 1 CDCl 

d a d b JCH dl/ d 

I I I I I 
21 16.78 9 16.53 
16 18.88 9 19.16 
4 27.07 t 27.70 

18 36.83 t 35.88 

2 40.18 

61:37 
63.01 

t 40.44 

51.83 

61.95 
63.16 

17 
3 

15 
19 
21 

20 

7 
12 

d 
d 

66.45 d 67.53 

70.53 d 70.87 

71.76 d 72.72 

79.8af 
109.99, 
110.31 

137.76~ 
140.15 
140.3# 
144.82; 

158.40 
164.54 

171.87 
177.54! 
178.19’ 

80.54f 
110.15f 
110.40 

136.32’ 
140.32 
142.23' 
144.67% 
162.80h 
168.44h 

170.88i 

175. l Ii 
175.18 

9 

9 
t 
tt 

t 
q 

128 66 
128 16 

131 
131 4; 

2 12 
129 e 

149 54 
d 161 106 

dt 143 73 
4 

bd 150 d 152 96: 

dt 152 57 
6 

bs 14 
bs 
bs 15 

bs 25 
bs 20 e 
bs 18 

bs 15 

9 5 : 
m 20 
9 
s 

a 
off resonance multiplicity; 

b 
undecoupled spectrum mul- 

tiplicity; ’ undecoupled spectrum half-width; 
d 

selective 

decoupling at 2.66 ppm downfield from ‘11 RIS signal; e de- 

coupled sigral; f,g,h,i these assignments might be rever- 

sed. 

reversible assignments were based on chemical shift 
values9 

Quinizarin derived compounds Zgg 5, and Zg 6. The 
extensive column and preparative TLC of the crude 
granaticin preparation give two red pigments Zgg and Zgt 
in the yield of about 1% each. The analytical and mass 
spectral data indicated the formula C22H,608 and C22H,801 
for Zgg and Zg respectively. The substituted quinizarin 
chrompohore in both compounds was easily recognized 
by their UV spectra (Table 2) and was supported by the 
presence of chelated CO band in IR spectrum (1620 cm-‘) 
and two signals of chelated phenol groups in ‘H NMR 
spectrum (Table 3). For both compounds IR spectrum 
showed also the y-lactone band (1790 cm-‘). In the case of 
Zgg an additional CO band (1700 cm-‘) was also 
apparent, which correspond to the aromatic acetyl group 

iThese abbreviations correspond to Polish “yellow-upper- 
upper”, and “yellow-upper” spot. 

as was shown by ‘H NMR. On the other hand in the ‘H 
NMR spectrum of Zg pigment the signal of COMe was 
replaced by the AX, system of CII(OH)C& group. The 
presence of the latter was additionally confirmed by the 
spectrum of Zg triacetate 7 (Table 3). The upper field part 
of spectra of both pigmants are nearly identical and 
resemble that of “dihydropyran - y - lactone” fragment of 
granaticin 1. The spectra showed also three proton 
aromatic resonance, which in the case of Zgg formed a 
clear AMX system of adjacent protons. The presence of 
5-acetyl quinizarin, as chromophore of Zgg pigment, was 
confirmed by comparison of spectral data with those of 
the former (Tables 2 and 3). Therefore pigments Zgg and 
Zg should have structures 5 and 6 respectively, and their 
relation was confirmed by the Jones oxidation of Zg to 
Zgg. The choice of C-20 position for the substituent was 
based mainly on the structural analogy with granaticin 1 
since pigment Zgg is formally bisanhydrogranaticin. The 
small deshielding effect of H-13 and C&14, in the case of 

Table 2. UV spectral data A,. nm (1 g l ) of anthraquinones Zgg 5, Zg 6, quinizarin and S-acetylquinizarin 41 

Quinizaril: 41 I !i 
EtOIi EtOH/HCl EtOH/SaOH EtOll/HCl EtOll/NaOH EtOH/HCl EtOH/NaOH 

228 (4.391 
252 (4.541 

282 (3.98) 

’ inf let tion. 
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was isomerized to 27 by dissolution in suliuric acid 
similarly as was done for eleutherin isomerization.” 

The relative configuration of the dihydropyran ring in 
quinones M and 27 follows from the analysis of their ‘H 
NMR spectra (Table 4), in particular the long range 
coupling constants between allylic protons. For both 
isomers large J3aAp values indicate the equatorial position 
of C-3 substituent, therefore relatively high homoallylic 
couplings for H-!S in the spectrum of 26 unequivocaly 
show its pseudoaxial position and consequently cis 
configuration of the dihydropyran substituents. These 
values are comparable to those found for eleutherin (3.5 
and 2.9 Hz).” On the other hand smaller values of H-15 
homoallylic couplings observed for the second isomer 27 
prove its frans configuration,‘these values are exactly as 
reported for isoeleutherin.‘O The differential solvent shift 
&cI,-&sH6 for the I6 Me group signal is close to the 
observed for eleutherin (0.10 ppm)15 in the case of 27, but 
differs for cis isomer 26 and eleutherin (0.02 and 
-0.09 ppm resp.). 

The foregoing sequence of reactions is directly 
applicable to the total synthesis of nanaomycin A, and this 
work is now in progress. 

Synthesis of 5-acetylquinizarin 41 and I-hydroxy-S- 
acetyl- and I-hydroxy-8-acetylanthraquinones 34, and 36. 
5-Acetyquinizarin 41 was synthesized in order to confirm 
on spectral ground its existence as the chromophore of 
the quinone Zgg 5. Two isomeric quinones 34 and 36 were 
designed as starting substrates for the synthesis of both 
possible isomers of Zgg on the route described for 
quinone 27. 

Quinones 34 and 36 were obtained by two independent 
ways from 5-acetylnaphtoquinone-I,4 (to our knowledge 
the compound not described so far in literature). Its direct 
condensation with 3-hydroxy-a-pyrone (isopyromucic 
acid) formed the mixture of both desired anthraquinones 
as result of nonregioselective diene reaction with sub 
sequent carbon dioxide e1imination.t 

Due to difficulties in separation and unambigous 
structure assignment we looked for the clean and 

selective way. This was achieved by the use of 
Diels-Alder condensation of 5-acetylnaphtoquinone-I,4 
28 with methoxycyclohexadiene-I ,3 according to the 
known procedure. I6 This condensation yielded two 
possible adducts 29 and 30, however, their separation 
after transformation to hydroquinones 31 and 32 was 
simple, and the spectral properties led unambigously to 
structure assignment. For the acetone insoluble, less polar 
product the IR spectrum in Ccl, indicated an in- 
tramolecular H-bond for both OH groups (3378 cm-‘), 
therefore pointing to “1.5” structure 31. The second 
product, purified by recrystallization from alcohol, 
showed the presence of the free and bonded OH group 
(3617 and 3360 cm-‘) and was identified as “1,8” isomer 
32, other spectral data were consistent with assigned 
structures. Both hydroquinones 31 and 32 were oxidized 
with silver oxide in boiling xylene with the concomitant 
retrodiene elimination of the ethylene bridge to give 
anthraquinones 33 and 35. The usual air oxidation in 
alkaline medium was not applicable in this case since 
products of the the acetyl group condensation were 
formed. The additional proof for the relative orientation 
of the substituents was obtained from their ‘H NMR and 
IR spectra. For “1,S” isomer 33 the chemical shift of OMe 
group was found to be identical with that of l- 
methoxyanthraquinone-9,lO. whereas in the case of “1,8” 
isomer 35 this signal was shifted upfield by 0.04 ppm due 
to the shielding effect of acetyl group (spectra were 
measured in the same molar concentration). The IR data 
comparison of 33-36 with mono and disubstituted 
anthraquinones (Table 5) allowed for the assignment of 
the characteristic for 1.5 and 1.8 substitution C-H 
out-of-plane vibrations. Diacetyl anthraquinones 37 and 
38, used for that comparison, were obtained from 
appropriate antracene derivatives by the known method.‘* 
The ‘H NMR data of these anthracenes unambigously 
confirmed substitution pattern, corroborating previous 
correlations (two signals of H-9 and H-10 for I,8 and one 
for 1.5~isomer). 

tRecently the obvious dienophilic reactivity of isopyromucic 

acid was exemplified in literature.” 

Anthraquinone 36 was transformed by the normal 
procedure, i.e. nitration to 39, followed by reduction with 
Na,S to 40, and acid hydrolysis to 5-acetylquinizarin 41. 
Its spectral comparison with quinone Zgg is given in 
Tables 2 and 3. 

Table 4. ‘H NMR data of dihydropyran fragment of dihydrogranaticin 2, dihydrogranaticin methyl ester 3 and model 

naphtoquinones 26 and 27 

2-H2 

ja-Ii 

4a’ -~I 

4e’-II 

15-H 

16-H 
3 

OMe 

2 

TFA 

2.98 d 

(6) 

4.67 m 

2.64b 
(19, 2) 

3.1 

5.32 bq 
(6.5) 

1.73 d 
(6.5) 

2 

CDCl 

2.66 d 
(6.2) 

4.30 m 

2.34 ddd 

('ps2;ow 

2.99 dd= 

(19, 3) 

5.02 bq 

(6.5) 

1.57 d 
(6.5) 

3.84 6 

26 

CDCl, 

2.62 dda 

(4.0, 2.3) 

3.90 m 

2.30 ddd 

(19.5, 
10.5, 3.81 

2.82 dt 

(19.5, 2.5) 

4.82 m 

1.52 d 

(6.8) 

3.72 s 

zi! 

CDCI 

2.63 d 

(6.5) 

4.29 m 

2.35 ddd 

c;;.,“. 
. t 2) 

2.79 ddc 

(19.0, 4) 

4.95 bq 

(6.9) 

1.54 d 

(6.9) 

3.72 s 

a center lines position of AD part of ABX system; 
b 

overlapped, 
c. 

additional coupling wl tlz. 
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Table 5. IR spectral data (out-of-plane C-H vibrations) for 1,5- and 1,8disubstituted and I-monosubstituted 
anthraquinones 
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substituents 3 
(KRr) 

-1 
max cm 

I-acety1 702 s 

I-hydroxy 770 4 700 9 

I-me thoxy 700 S 

1,5-diacc tyl IL a20 9 705 S 

I-hydroxy-5-acetyl 2 822 m 775 S 702 s 

I-methoxy-5-acotyl 22 820 s 705 9 

1,8-diacc tyl LE a50 s 740 m 670 m 

I-hydroxy-6-ocetyl 24 845 s 780 s 740 s 670 m 

l-me thoxy-8-ncetyl JJ 850 m 740 s 670 m 

DISCUSSION 

The right hand fragment of granaticin 1, di- 
hydrogranaticin 2, and anthraquinones 5 and 6 molecules, 
i.e. the substituted 3,4 - dihydro - IH - naphto - (2,3-c) - 
pyran (benzoisochromane) is encountered in few other 
quinone antibiotics with juglone or naphthazarin 
chromophores as actinorhodinP kalafungin” and nana- 
omycins A-D.‘,“,” For the latter compounds the structural 
analogy is evidently due to biogenetic reason. Clh 
polyketide chain should operate as a precursor in all cases 
as it was shown for nanoamycin A.’ 

1 RI---l% 
2 -Ii -Ii 
3 -Me -H 
4 -Ii -OH 

R, 
6 -H 
9 -H 

10 -AC 

Biogenetic origin of the whole molecule, in cases of 1,2, 
5 and 6 is not so obvious. Our speculative assumption is 
that the analogous fragment of all these quinones is 
derived from the same polyketide, but the additional ring 
C atoms are of sugar origin, dideoxysugar is connected in 
later step to form C-glycoside 42, the hypothetic 
precursor analogous to the known compound aquayam- 
tine.” Further cyclization of 42 should form di- 
hydrogranaticin 2, which one is evidently the direct 
precursor of 1, or on alternate route should form 
quinizarin derivatives 5 and 6. 

RI 0 R,O Me 

5 FlXOCH3 Fi-H 
6 -CHOHCH~ -Ii 
7 -CHOAcCH, -AC 

RS 
-‘.X-CH=CHp 
-CH,-CT-FH; 

-CHz-CHO-CHP 

1-1 

” 11 -CH(CHzOHkCHz- 

12 -CH(CH~OAc)-CH~- 
13 -AC -CHz-CHOHCHPCI 
14 <H&H5 -CH,-CH=CH, 

15 -CH,C,Hs -cHz-c\?YHz 

16 XH&HS -CH,-CH%iCH&N 
17 -CH&HS -CH~-CHOACCH,CN 
16 -CH&HS -CH,FCHOHCH,COOH 
19 -CH&Hs -CHz-CHOHCH&OOMe 
20 -CH&Hs -CH=CHCHZCOOH 
21 -CH,CsHs -CH’=CHCH&OOMe 
22 -H 

0 COOMe 

-CH,-CHOHCH2COOMe 

OH COOMe / / w \ \ OH 

&I 
24 
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OH COOMe 0 COOMe 0 COOMe 

Q$l+q$w 
OH Me 0 Me 0 Me 

25 26 27 

q$ 
CH,OC 0 CHsOC $$j 0 cH,oc pi$q 0 OMe 

28 29 30 

OH OMe 

CH,CO -. He, 

31 

Y 

OH 

CH,Ot 

33 
34 
35 
36 
37 
33 
39 
40 
41 

6H - - - 6Me 

32 

R, RI 
-0CHa -H 
-OH -H 
--H -0CH3 
-H -OH 
-COCHs -H 
-H -COCH, 
--NO? -OH 
-NHz -OH 
-OH -OH 

P 
COOH 

Ho&!$w 
(OH) OH 0 Me 

42 

ExFmlMENTAL 

Dihydrogranaricin 2. The crude preparation of granaticin 
produced by Streptomyces thermouio[aceus subsp. pigens var. 
WR-141 was separated by means of preparative TLC on silicagel 
impregnated with 1% of KH,PO, with CHCI,: MeOH 9: 1 as 
solvent, to give dihydrogranaticin 2, m.p. 191” (from EtOH). Its 
yield depended on the growth phase being higher than that of 1 
in early stages. On the end of growth, when pH falls down, 
granaticin 1 was hydrolysed to 4. R, values in the above mentioned 
system were I 0.50, 2 0.35 and 4 0.10. 

Granaticin 1, in EtOAc, was hydrogenated over Pt to give 
yellow soln with the H, consumption 2.0-2.2 moleslmol 1. On air 
oxidation red colour was restored, and on repeated hydrogenation 
one mole of H, was absorbed. The single product 2 was in all 
respect identical with the described above. 

A,.. (EtOH/HCI) 212,289,495,521,559 in&, A,.. (EtOH/Na- 
OH) 279, 311, 588. 625. A,.. (CHCUTFA) 286 (3.89). 469 (3.90). 
516. (3.91) nm (I g 6). Y,. (KBr)1725,’ 1610. 157Ocm-‘. m/e 
(70eV): 446 (I). 414 (7). 410 (53). 402 (8). 400 (12). 3% (IS). 392 
(6) 384 (100). 369 (13). 366 (20). .335 (16). 323 (27j, 309 (35). 295 
(17), . . . 44 (66). 43 (90). (Found: C, 59.57; H, 5.69. Calc. for 
C,,H,,O,,: C, 59.19; H, 5.11%). 

Dihydrogranoricin merhyl ester 3. Dihydrogranaticin 2 was 
dissolved in MeOH cont. 1% of HCI. The product 3 was formed 
quantitatively (TLC), m.p. 191”, from EtOH. A,.. (EtOH) 287,495, 
521 nm: Y,.. (KBr) 1757,162O cm-‘. (Found: C, 59.6: H, 5.7. Calc. 
for C2,H,,0,,,: C, 59.99, H, 5.38%). 

Granaricin 1 from dihydrugranaticin 2. Hihydrogranaticin 2 
(39mg) was absorbed on the start line of the preparative TLC 
plate (20, 20, 0.1 cm silicagel impregnated with KH,PO,). The 
development after one week yielded 1 (4mg) identical with the 
original sample by R, value and IR comparison. In the analogous 
experiment, after 3 months of oxidation, up to 50% of 1 was 
formed along with polar deep brown product. 

Anthroquinones Zgg 5 and Zg 6. From the crude preparation of 
granaticin (2.Og) less polar pigments were separated by column 
chromatography on silicagel containing 1% of KH,PO. with 
CHCI,:AcOH 100: 1 and increasing concentration of EtOH. The 
final purification was achieved by the multiple TIS as described 
before. R, values were 5 0.80 and 6 0.65. Zgg 5 was purilied by 
recrystallization from acetone (24 mg) m.p.230-234”; Y,.. (KBr) 
1790, 1705, 1640,158Ocm~ ‘; m/e: 408 (lOO), 393 (Sl), 365 (29). 364 
(27). 362 (12). 349 (39), 347 (22). 321 (19). .44 (72). 43 (85). 
(Found: C. 65.3: H. 5.44. Calc. for C,H,.O.: C. 64.70: H. 
3.95%).Zg 6 was purified by crystallization from acetone (27mg) 
m.p. 241-248”; Y,, (KBr) 1790, 1640, 1580cm-‘; m/e: 410 (84), 
392 (98), 377 (12) 349 (65). 333 (61). 305 (27), . .43 (100); (Found: 
C, 64.75; H, 4.88. Calc. for CzlH,.O1: C, 64.39: H, 4.42%). The 
small sample of 6 was oxidized quantitatively to 5 by Jones 
reagent in acetone (R, value, IR comparison). The following 
concentrations (&ml) were found to inhibit growth of Bacillus 
cereus: 1 0.04, 2 0.3, 3 0.3, 4 1.0, 5 1.3 and 6 5. 

2-Ally/-I-hydronynuphlholene 8. The thermal reanagement of 
I-allyoxynaphthalene (neat, 130’) yielded 8 as a single product; 
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m.p. 34-36” (from petr. ether), b.p. I M-1 19’10.5, d,‘* 1.0880, [II],,‘” 
1.6269; acetate b.p. 2@&210/30 (corrected analytical data and 
expected spectral properties were obtained). 

2 - (2.3’ - Epoxypropyl) - 1 - acefoxynaphthalene 10. 
2-Allyl-I-acetoxynaphtalene (I2 g) was dissolved in peracetic acid 
prepared from Ac,O and 30% H202, and left for 4 days at room 
temp. Dilution with water, petrol ether extraction and chroma- 
tography on silicagel column regenerated substrate (5.68) and 
gave epoxide 10 (4.4 9) m.p. 68-76” (from EtOH-water); v,, 1750, 
1600,1380, 1210cm-‘. 2 - hydroxymethyl _ 2.3 - dihydro - naphto - 
(1,2-b) - furan 11. The epoxide 10 treated with an excess of NaCN 
in EtOH-water yielded as the sole produce 11 as oil: Y,,. 3400, 
1600, 1570, 1050 cm- ‘; 6 3.56 d J = 5.5 Hz (C&OH), acetate 12: 
4.15 d (CHrOAc). lhe same product was obtained on analogous 
treatment with KOH and Na2COx, or by ~sfo~tion to 
chlorohydrine 13 (with HCl) and further cyanide treatment. 

2 - Ally1 - 1 - benzyloxynaphthalene 14. 2 - Allyt - I - 
hydroxynaththatene 8 (4.25 g) was refluxed for 2 hr in acetone 
(50 ml) with benzyl chloride (4 g) and an excess of K,CO,. After 
filtration solvent was removed and the product washed with cone 
NaOH aq. Distillation (16oe10.4) gave 14 (4.48); v,,. 3100, 1640, 
1600, 1580, l~Ocm_‘; 6 (CCL): 4.88 s (Cl&H,) complex ally1 
and aromatic protons signals. 

2 - (2’3 - Epoxypropyt) - I - benzyoxynaphthatene IS. The 
benzyt ether 14 (t6.9a) in CH,CI, (I50 ml). in the nresence of a 
large- excess of NakO, was treated with tbk solution of 
pertrifluoracetic acid prepared from trifluoracetic acid anhydride 
(18.5 ml) and 80% H,O, (4.5 ml). After 0.5 hr reflux time the salts 
were filtered off and the mixture chromato~aphed on silicagel 
column to give pure epoxide 15 (9.6 8) as an oil, also nonreacted 
ether 14 (4.98) was regenerated. v,.. 1600, 1585. 1505,820,750, 
730, 69Ocm-‘; 6 (CCl$ 2.3-3.1 m (3-H,, 2-H), 2.97bs (I’-H,), 
4.98s (CH,C,H,), 7.1-8.1 (II H). (Found: C, 82.13; H, 6.15. Calc. 
for C&l,,,O,: C, 82.73, H, 6.25%). 

2 - (3’ - Cyano - 2’ - hydroxypropyt) - I - benzyloxynaphthalene 
16. The epoxide 15 (9.6 a) in EtOH (300 ml) was treated with the 
soln of KCN (log) in w&r (60 ml). After 3 days at room temp the 
solvent was evaporated, the residue washed with water and 
chromatographed on silicagel column. Pure 16 (8.413) was 
obtained as an oil: u,., 3450, 2240, 1600, 1570cm-‘; 6 (CDCI,) 
2.37 d J = 5.5 Hz (3’-H,), 2.95 d J = 6.0 Hz (I’-H,), 4.15 quintet 
J =6.OHz (2-H). 5.02s (CH,C,H,), 7.2-8.2 (II H). (Found: C, 
79.56; H, 6.16; N, 4.48. Calc. for C,,H,,O,N: C, 79.47; H, 6.03, N, 
4.41%). Acetate 17,s (CDCl,): 2.02 s (AcO), 2.52 center of an AB 
part of ABX system J,. 17 Hz. J,, = J,, = 5.5 Hz (3’-H,t. 3.lOd 
j = 7 Hz (Y-H,), 5.05 s (CH&,H~), 5.2; broad q~inte~~~-H), 
7.2-8.2 (I 1 H). 

2 - (3’ - Carboxymethyl - 2’ - hydroxypropyl) - I - 
benzyloxynaphthatene 19. Cyanide 16 (6.08) was refluxed with 2N 
NaOH aq (lOOmI) for 20 hr. Products recovered by ether 
extraction of the acidified soln were treated with an excess of 
etheral diazomethane, and separated on silicagel column to give 19 
(3.45gf as an oif; v,,, 3560, 1730, 1575, 815, 750, 735, 690, 
680cm-‘; S (CCL): 2.31 d J = 6.5 Hz (3-H,), 2.87 d J = 6.0Hz 
(I’-H,), 3.24 bs (OH), 3.45 s (Oh&e), 4.21 quintet J = 6.0 Hz (2’-H), 
4.92 s (CH,C,H,). (Found: C, 75.25; H, 6.45. Calc. for C,H,,O.: 
C, 74.97; H, 6.85%). 

Ester 21 was obtained as a by product (2.22 g), Y,., 1730,970, 
805,750,720,690 cm-‘; 6 (Ccl,): 3.52 s (OMe), 4.84 s (Cl&&l&), 
6.84. 6.16, 3.02 ABX, system of V-H, 2’-H and 3-H, resp. 
J,.Y = I6 Hz, Jr7 = 6.7 Hz, J,.,. = 0 Hz. (Found: C, 78.81; H, 6.07. 
Calc. for C,,H,,O,: C, 79.01; H 6.63%). 

2 - (3’ - Carboxymethyl - 2’ - hydroxypropyl) - 1 - 
hydroxynaphthalene 22. The methyl ester 19 (3.05g) in MeOH 
(50 ml) was hydrogenated over 10% PdlC (2 g) to give pure 22 
(1.94g); Y,.. 3450, 3300, 1730, 1630, 1610, 1580, 815, 763cm ‘. 

2 - (3’ - Carboxymethyl - 2’ - hyd~xypro~yi) - naphthoquinone - 
I,4 23. The phenol 22 (1.94 g) was dissolved in ether and shaken 
with Fremy’s salt (po~sium ni~oz~isulphonate, prepared ac- 
cording to.= 6.08) in phosphate buffer pH I I.1 (0. I M, 400 ml). 
After ether extraction, 23 (I.91 9) was crystallized from ether- 

tThe original method ” was reported to fail.” 

petroleum ether m.p. 60-62’; Y,.. (Nujol) 3500, 1730, 1666, 1360, 
1590, 795, 787, 780,735, 710cm-‘; A,, (MeOH): 245, 251, 262, 
334 nm; (CDCI,): 3.0-2.4 m (3’-HZ and I’-H,), 3.25 bs (OH), 3.71 s 
(OMe), 4.31 m (2’-H), 6.95 t J = 1 Hz (3-H). (Found: C, 65.50; H, 
5.24. Calc. for C,,H,.O,: C. 65.69; H. 5.14%). 

cis - 1 - methyl - 3 - ~arbomethox~methyt ‘- 5.10 - dihyd~xy - 

1,3,4 - t~yd~naphfho - (2.3-c) - pyran 25. The napbthoqu~one 
23 (0.63 g) in ethyl ether (lOOmI) was reduced with an excess 
on zinc powder and cone HCI aq (4ml). The ether phase was 
separated and treated with acetaldehyde (II ml). After I hr the 
mixture washed with water, evaporated and crystallized from 
ether-hexane to give 25 (0.425 9) m.p. 146151”; v,., (Nujol) 3400, 
1725, 1635, 1600,775,75Ocm-‘; A,, (MeOH): 211,241,310,318, 
333 nm; 6 (CDCI,): 1.61 d J = 5 Hz (I-Me) 2.2-3.5 m (4H), 3.96 m 
(3-H), 4.67 q J = 5 Hz (I-H), 6.48 (2 OH) br, 7.3-8.2m (4H). 
Chromatographic separation of the mother liquor yielded 26 
(94 mg) and 27 (IO mg) identical with compounds described later. 

cis - I - Methyl - 3 - carbomethoxymethyt - 5,lO - dioxo - 
1,3.4,5,10 - penlahydronaphtho - (2.3-c) - pyran 26. The 
cycliiation of 23 (0.212~) according the above procedure was 
stopped after 20 hr giving 26 (52 mg) puritied by recrystallization 
from MeOH (3-times) m.p. 146-149”; A,, (EtOH): 210 (4.30), 246 
(4.35). 274 (4.00). 332 (3.52). 435 (0.72). (Found: C, 68.01; H, 5.39. 
Calc. for C,,H,60J: C, 67.99; H, 5.37). 

trans _ I - Methyl _ 3 - carbomefhoxymethyl - 5,t0 - dioxo - 
1,3,4,5,10 - pentahydronaphtho - (2.3-c) - pyran 27. The 
naphthoquinone 26 (41 mg) was dissolved in H2S0. (2mt), and 
after 2hr the product was precipitated with the addition of ice. 
Puritication by recrystallization from MeOH yielded 27 (25 ma) 
m.p. 185-187”; v,,,: (KBr) 1740, 1660, 1620; 1595cm-‘; A_:: 
(EtOH) 245 (4.22). 267 (4.1 II. 332 (3.521. 435 (2.72)nm 
(Found: C, 67.76;‘H, 5.56, (cbmpare‘above)). . ’ 

(I aek 
. - ’ 

5 - Ace?ytnaphthoquinone - 1,4 28. I-acetylnaphthalene (80%, 
SOml) in AcOH (1 I) was treated with the soln of CrQ, (2008) in 
water (2OOml). The crude product recovered by dilution with 
water and ether extraction was crystallized from MeOH to give 28 
(8.0 g) m.p. 134-139.5”. Additional crys~ll~~tion improved the 
m.p. to MO-lbl.S”, Y,., (Nujol) 1700, 1660, 161.5, 1585,765 cm-‘: 
k.. (GH3 198 (4.27). 245 (4.30). 332 (3.38); 6 (CDCI,): 2.50s 
(Me). 6.95 s (2. 3 H,). 7.44 dd J = 7.3 and 2.0 Hz (6-H). 7.75 t _, 

” J = 7.3 Hz (7-H). 8.10 dd J = 7.3 and 2.0 Hz (8-H). 
Condensation of S-acetytnaphthoquinone 28 with 3-hydroxy -a - 

pyrone. Quinone 28 (57.4mg) and 3-hydroxy-u-pyrone (60mg) 
prepared according to the original method,“t was refluxed for 
48 hr in xylene (10 ml). C~omato~phy and crys~li~tion from 
MeOH afforded mixture of 34 and 36 (20 mg) identifed by TLC 
and IR comparison with compounds with described later. 

Condensation of 5 - nceryl - naphthoquinone 28 with me- 
(hoxycyclohexadiene-I ,3. Quinone 28 (7.5 g) and methoxy- 
cyclohexadiene-I,3 (70%. IO ml),” was refluxed in benzene (SO ml) 
for 15min. The solvent was evaporated and the residue was 
crystallized from MeOH to give 3 crops of mixed adducts 29 and 
30 (6.98, m.p. l35-154”, 3.6g, m.p. 130-146”. and 0.8g, m.p. 
128-145’); v,,,., 1700, 1680, 1570 cm -I; A,., (EtOH) 227 (4,45) nm 
(I R z). (Found: C, 73.84: H. 6.08. Calc. for C,.H,.O.: C. 73.53: H. 
5.8-S%). 

_ _ , 

I ,4 - Dihydro - I ,4 - ethane - I - methoxy - 9, IO - dihydroxy - 5 - 
acethylanthracene 31 and 1,4 - dihydro - I ,4 - ethane - 1 - methoxy 
_ 9,10 - dihydroxy - 8 _ acetytanfhracene 32. The mixture of 29 and 
30 (11.3g) in MeQH (ISOmJ) was added to the soln of NaOMe 
(from 4 13 of Na and 100 mi of MeOH) under N2. The red solo was 
acidified with AcOH, diluted with water and extracted with ethyl 
ether to give the mixture of 31 and 32 (I 1.213). TLC in 
benzene : ether 5 : 1 showed two suots with R, 0.37 and 0.20. The 
mixture was disolved in boiling acetone (250 ml) to give on cooling 
to -10” 31(2.73 8) as white crystals m.n. 220-222”Iin vat.) R, 0.37: 
v,,,, (KBr) 3380, 16.85, 1645; 1599cm’; v,., (Ccl,) 3378cm-‘1 
A,,, (EtOH) 216 (4.361‘254 (4.38), 345 (3.85) nm (1 g t). (Found: C, 
73.71; H, 6.07. Calc. for &H,,O,; C, 73.53; H, 5.85%). The tiltrate 
of the above crystalhzation was evaporated and recrystallized 
from EtOH to give 32 (4.85 g) as yellow crystals, m.p. 218-220” (in 
vat.) Rr 0.20; Y,, (KBr) 3500,3350, 1690, 1640, 1595 cm-‘; v,_ 
(.C.~~),617, 336Ocm-‘. (Found: C, 73.40; H, 6.05% (compare 
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I - Methoxy - 5 - acelylanthraquinone 33. Hydroquinone 31 
(2.65g) was refluxed in xylene (70 ml) with Ag,O (l2g) for 
30 min. The hot soln was filtered to give on cooling yellow 33 
(2.3Og). m.p. 187.5-189.5”; Y,., (KBr) 1700, 1670, 1660, 1585,820, 
705 cm-‘, A,.. (EtOH) 218 (4.35). 253 (4.44), 333 (3.43). 387 (3.74) 
nm (1 g e), (CDCI,) 4.025 s (OMe), 2.56 s (COMe). (Found: C, 
73.05; H, 4.37. Calc. for C,,H,20,: C, 72.85; H, 4.32%). 

I - Methoxy - 8 - acetylanrhraquinone 35. The analogous 
reaction performed on 32 (4.28 g) yielded yellow 35 (3.79 g), m.p. 
221-222.5”; Y,., (KBr) 1697, 1681, 1674, 1592, 1580, 850, 740, 
670cm-‘; A,.. (EtOH) 218 (4.27). 253 (4.44). 333 (3.43). 387 (3.74) 
nm (I g). 6 (CDCI,) 3.98 s (OMe), 2.58 s (COMe). (Found: C, 73.2: 
H, 4.22, Calc. for C,,H,,O,: C, 72.85; H, 4.32%). 

I - Hydroxy - 5 - acetylanthraquinone 34. Methyl ether 33 
(0.24 g) in AcOH (2 ml) and 40% HBr aq (2 ml) was retluxed for 
1 hr, dilution with water and crystallization of the ppt from 
methylcelosolve yielded orange 34 (O.l7g), m.p. 183-186”; Y,.. 
(KBr) 1705,1669,1636,1599,1575,822,775,702 cm-‘. (Found: C, 
72.24; H, 4.21, Calc. for C,J&,O,: C, 72.18; H, 3.7%). 

I - Hydroxy - 8 - acerylanthraquinone 36. The analogous 
hydrolysis of 35 (0.22g) yielded orange 36 (0.18 g), m.p. 196-197”; 
Y,.. (KBr) 1702, 1670, 1633, 1602, 1575, 845, 780, 740,64Ocm-‘. 
(Found: C, 72.41; H, 3.97% (compare above)). 

5 - Aceryl - I,4 - dihydroxyanthraquinone (5 - acetylquinizarin) 
41. To the soln of 36 (0.107 g) in H,SO, (5 ml) IN HNO, in H,SO. 
(0.45 ml) was added. After 30 min. the mixture was poured on ice 
and the ppt crystallized from methylcelosolve to give crude 39 
(0.102 g), v,.. 1700, 1680, 1640, 1580, 154Ocm-‘, which was 
retluxed with Na,S solution to give 40 (O.lOg) v,.. 1690, 1670, 
1610-1600, 1585 cm-‘. This aminoanthraquinone (0.080 g) was 
heated in H,SO, 1: 20 at 160” for 24 hr. The product was purified 
by chromatography on silicagel and sublimation at 220” to give 41 
(10 mg); u,. 1695, 1620, 1565 cm-‘; m/e 282 (60), 267 (IOO), 264 
(5). 256 (6), 240 (3), 239 (3). 236 (2), 211 (6). 183 (7), I55 (4), 127 (7). 
(Found: C, 68.54; H, 3.55. Calc. for C,,H,oO,: C, 68.08; H, 3.57%). 

Addirional Note: The cyclization of epoxide 9 or 10 to cyclic ether 
11 is an example of the favoured 5-Exo-Tet cyclization process. 
The alternative one -6-Enolo-Tet is disfavoured according to Rule 

1 of J. E. Baldwin (J. Chem. Sot. Chem. Commun. 735 (1976)). 
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