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hydrochloride: mp 288-290 "C (acetone-MeOH). Anal. Calcd 
for C19H2sC1N202: C, 65.40; H, 7.22; C1, 10.17; N, 8.03. Found: 
C, 65.34; H, 7.20; C1, 10.12; N, 8.00. 

trans -3-Et hyl-3,4,6,7,12,12b-hexahydroindolo[ 2,3-a 1- 
quinolizin-2( 1H)-one (1 ) .  A solution of acetal 21 (0.2 g, 0.6 
mmol) in MeOH (20 mL) and 4 N aqueous HC1 (20 mL) was 
refluxed for 24 h. The mixture was basified with Na2C03 and 
extracted with CH2C12. The organic layer was dried, and the 
solvent was removed to leave an oil, which was purified by flash 
chromatography (991 Et20-DEA) to give 1 (160 mg, 86%): mp 
208-209 "C (acetone) [lit." mp 208 "C (EtOH)]; IR (KBr) 3320, 
1690 cm-'; 'H NMR 6 0.98 (t, J = 7 Hz, 3 H, CH,), 1.2-1.4 (m, 
1 H, CH,CH,), 1.8-2.0 (m, 1 H, CHBCH3), 2.46 (t, J = 11 Hz, 1 
H, l-Ha), 2.6-2.8 (m, 1 H, 3-Ha), 2.64 (br t, J = 11 Hz, 1 H, 6-Ha), 
2.72 (t, J = 11 Hz, 1 H, 4-Ha), 2.82 (ddd, J = 14, 5, and 2 Hz, 1 
H, 7-H,), 3.0 (dd, J = 11 and 2.3 Hz, 1 H, l-He), 3.05 (m, 1 H, 
7-Ha), 3.27 (ddd, J = 11, 5, and 2 Hz, 1 H, 6-He), 3.4 (dd, J = 11 
and 5 Hz, 1 H, 4-He), 3.64 (br d, J = 11 Hz, 1 H, 12b-Ha), 7.0-7.2 
(m, 2 H, 9-H and 10-H), 7.3 (dt, J = 7 and 1.4 Hz, 1 H, 11-H), 
7.48 (dd, J = 7 and 1.4 Hz, 1 H, 8-H), 7.74 (br s, 1 H, NH); 13C 

(6-C), 51.7 (3-C), 59.4 (12b-C), 60.4 (447,108.6 (7a-C), 111.0 (11-C), 
118.3 (C-9), 119.7 (8-C),121.9 (10-C), 127.0 (7b-C), 133.2 (lla-C), 
136.2 (12a-C), 208.9 (2-C); MS ( m f e ,  relative intensity) 268 (M+, 
60), 267 (79), 225 (18), 213 (8), 184 (201,169 (40), 129 (33), 97 (42), 
69 (loo), 60 (86). Anal. Calcd for C17HzoN20: C, 76.09; H, 7.56; 
N, 10.44. Found: C, 76.35; H, 7.54; N, 10.71. 

trans -5-Et hyl-6,6- (et hy1enedioxy)- 1,2,5,6,7,7a-hexahydro- 
4H-pyrido[ 1',2':1,2]pyrazino[4,3-a]indole (22). To a solution 
of alcohol 16 (160 mg, 0.48 mmol) in anhydrous CH2C12 (10 mL) 
were successively added dropwise TFA (0.39 mL, 5.28 mmol) and 
Et3SiH (0.27 mL, 1.68 mmol). The mixture was refluxed under 
N2 for 24 h, cooled, basified with anhydrous Na2C03, poured into 
ice-water, and extracted with CH2C12. The extract was washed 
with aqueous NaHCO,, dried, and evaporated. The residue was 
purified by flash chromatography (991 EhO-DEA) to give 22 (70 
mg, 47%). This material was identical with that obtained by 
cyclization of 6. 

trans -8-Chloro-5-ethyl-6,6-(ethylenedioxy)-l,2,5,6,7,7a- 
hexahydro-4H-pyrido[ 1',2': 1,2]pyrazino[ 4,3-a ]indole (23). 
Operating as above, from alcohol 11 (730 mg, 2 mmol), CH2C12 
(20 mL), TFA (1.82 mL, 24 mmol), and Et3SiH (1.22 mL, 7.7 
mmol) was obtained compound 23 (200 mg, 29%) after flash 

NMR 6 11.7 (CH,), 19.4 (CHSCH,), 21.9 (7-C), 45.9 (1-C), 51.6 

chromatography (99:l Eh0-DEA): mp 144-146 "C (Eh0);  MS 
( m f e ,  relative intensity) 348 (M' + 2,4), 346 (M', 13), 301 (40), 
285 (3), 259 (15)) 231 (13), 204 (33), 178 (131,149 (29), 127 (26), 
97 (37), 69 (96), 55 (loo), 43 (84). Anal. Calcd for ClgH23C1N202: 
C, 65.89; H, 6.65; C1, 10.11; N, 8.09. Found: C, 65.75; H, 6.71; 
C1, 9.80; N, 7.89. 

X-ray crystal structure analysis of indoloquinolizidin- 
2-one (1): C17H oN20, F, = 268.36, monoclinic, a = 14.855 (3) 
A, b = 8.217 (1) 1, p = 114.53 (2) ", V = 1469.8 (7) A3, E l f a ,  D, 
= 1.212 g ~ m - ~ ,  Z = 4, F(000) = 576, X(Mo Ka) = 0.71069 A, p 
= 0.82 cm-', 188 K. 

A prismatic crystal (0.1 X 0.1 X 0.15 mm) was selected and 
mounted on a Philips PW-1100 four circle diffractometer. 
Unit-cell parameters were determined from 25 reflections (4 5 
0 I 12") and refined by least-squares method. Intensities were 
collected with graphite monochromatized Mo Ka radiation, using 
the w-scan technique, with scan width 0.8" and scan speed 0.03O 
8; 1156 independent reflections were measured in the range 2 
I 0 I 25", 1034 of which were assumed as observed applying the 
conditions Z 2 2.5u(T). Three reflections were measured every 
2 h as orientation and intensity control, significant intensity decay 
was not observed. Lorentz-polarization, but no absorption, 
corrections were made. 

The structure was solved by direct methods, using the 
MULTANW,~ system of computer programs and refined by full- 
matrix least-squares method, using the S H E L X ~ ~  program.31 The 
function minimized was ~ w l l F o l  - IFc112, where w = (u2(Fo) + 
0.0013(F012)-1. A total of 19 hydrogen atoms were located from 
a difference synthesis and refined with an overall isotropic tem- 
perature factor and anisotropically the remaining atoms. The 
final R value was 0.049 ( R ,  = 0.052) for all observed reflections. 
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Michael-type additions of polyquinones such as quinizarinquinone (1) and naphthodiquinone (2) with various 
0-silylated ketene acetals followed by successive sigmatropic rearrangements of the adducts are described. The 
Michael-type additions of the 0-silylated ketene acetals with the highly electrophilic polyquinones took place 
exclusively at  the internal double bond without any catalysts. Some of the resultant adducts performed interesting 
rearrangements under thermal or Lewis acid conditions to give external adducts that are obtained formally by 
the addition to polyquinones at  the less reactive external double bond. 

Polyquinones such as quinizarinquinone (1, Chart I) and 
naphthodiquinone (2) are activated p-benzoquinone de- 
rivatives*V2 and are expected t o  react not only as dieno- 
philes b u t  also as electrophiles. Despite their enhanced 
electrophilicity due to  markedly lowered LUMO energy 

'This paper is dedicated to Professor Haruaki Yajima on the 
occasion of his retirement from Kyoto University in March, 1989. 
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levels,lt2 little attention has been paid t o  electrophilic re- 
actions of polyquinones. 

Because of their cyclic tetraone structures, polyquinones 
are utilized in Diels-Alder reactions to construct tetracyclic 

(1) Kanematsu, K.; Morita, S.; Fukushima, S.; Osawa, E. J. Am. Chem. 

(2) Yoshino, S.; Hayakawa, K.; Kanematsu, K. J.  Org. Chem. 1981,46, 
SOC. 1981, 103, 5211. 

3841. 
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Table I. Spectral Data of Michael Adducts 4,10,11, 18, and 23 

1785, 1755, 1710, 1635 15.13 (a, 1 H), 8.26-8.16, 8.06-7.73 (m, 4 H), 7.12 (d, J = 10.0, 1 H), 7.12 (dd, J = 
5.8, 1.6, 1 H), 6.65 (d, J = 10.0, 1 H), 6.05 (dd, J = 5.8, 1.7, 1 H), 5.27 (dd, J = 
1.7, 1.6, 1 H) 

14.59 (s, 1 H), 8.25-7.69 (m, 4 H), 7.12 (d, J = 10.2, 1 H), 6.66 (d, J = 10.2, 1 H), 
4.11 (t, J = 6.6, 2 H), 3.39 (t, J = 9.6, 1 H), 2.09 (m, 2 H) 

14.79 (8, 1 H), 8.15-7.71 (m, 4 H), 7.10 (d, J = 10.2, 1 H), 6.58 (d, J = 10.2, 1 H), 
4.06 (t, J = 6.0, 2 H), 3.18 (t, J = 9.6, 1 H), 2.06 (m, 2 H) 

(14, major) 14.87 (s, 1 H), 8.27-7.68 (m, 4 H), 6.97 (d, J = 10.2, 1 H), 6.63 (d, J = 
10.2, 1 H), 3.50 (s, 3 H), 3.30 (4, J = 7.2, 1 H), 1.14 (d, J = 7.2, 3 H); (15, 
minor) 14.62 (e, 1 H), 8.27-7.68 (m, 4 H), 7.08 (d, J = 9.6, 1 H), 6.55 (d, J = 9.6, 
1 H), 3.65 (8 ,  3 H), 3.30 (4, J = 7.2, 1 H), 1.09 (d, J = 7.2, 3 H) 

H), 6.55 (dt, J = 15.6, 7.8, 1 H), 5.65 (dd, J = 15.6, 1.5, 1 H), 4.12 (q, J = 7.2, 2 
H), 2.96 (ddd, J = 14.0, 7.8, 1.5, 1 H), 2.84 (ddd, J = 14.0, 7.8, 1.5, 1 H) 

3400, 1715, 1645, 1570 14.04 (8, 1 H), 6.96 (d, J = 10.2, 2 H), 6.54 (d, J = 10.2, 2 H), 6.53 (dt, J = 15.6, 
7.8, 1 H), 5.68 (d, J = 15.6, 1 H), 4.09 (4, J = 7.2, 2 H), 2.89 (d, J = 7.8, 2 H), 
1.18 (t, J = 7.2, 3 H) 

compd mp, "C IR," cm-l 'H NMR,b 6 (J, Hz) MS, m j z  
4 322 (Mt) 

324 (Mt) 

324 (Mt) 

131-133 

10 207-208 1770, 1715, 1635 

11 172-174 1770, 1715, 1635 

14 (15) 1720, 1635 

18 101-102.5 1710, 1635 14.89 (br s, 1 H), 8.27-7.61 (m, 4 H), 7.09 (d, J = 10.2, 1 H), 6.57 (d, J = 10.2, 1 352 (Mt) 

23 302 (Mt) 

a CHCl,. * CDC13. 

Chart I. LUMO Energies and Coefficients of 
Unsymmetrically Substituted Polyquinones by PPP 

Method 
0 0  0 0  

0 0  0 0  
1 2 

Ilt 2, 10 lit 2, 10 
(LUMO -4 04 eV) (LUMO 4 31 eV) 

system such as the anthra~yclines.~-' For such syntheses, 
the site-selective reaction of the less reactive external 
double bond is required in preference to the more reactive 
internal double bond.&12 As a continuation of our sys- 
tematic studies on the development of the site-selective 
reactions of polyq~inones,',~J~ we report on the reactions 
of 1 and 2 as electrophiles with a series of 0-silylated 
ketene acetals. We find that Michael-type reactions of 
electron-rich 0-silylated ketene acetals with 1 and 2 take 
place exclusively at the more reactive internal double bond, 
and some of the resultant adducts undergo interesting 
rearrangements to give products equivalent to 0-silylated 
ketene acetals reacting at the less reactive external double 
bond.14 

Results and Discussion 
Reaction of 1 with (Trimethylsi1oxy)furan (3). 

(3) Lee, W. W.; Martinez, A. P.; Smith T. H.; Henry, D. W. >.brg. 
Chem. 1976, 41, 2296. 

(4) Garland, R. B.; Palmer, J. R.; Schulz, J. A.; Sollman, P. B.; Pappo, 
R. Tetrahedron Lett. 1978, 3669. 

(5) Kelly, T. R.; Tsang, W. Tetrahedron Lett. 1978, 4457. 
(6) (a) Gupta, R. C.; Jackson, D. A.; Stoodley, R. J.; Williams, D. J. J. 

Chem. SOC., Perkin Trans. 1 1985,525. (b) Chandler, M.; Stoodley, R. 
J. J. Chem. SOC., Perkin Trans. 1 1980, 1007. 

(7) (a) Kende, A. S.; Tsay, Y.; Mills, J. E. J. Am. Chem. SOC. 1976,98, 
1967. (b) Kende, A. S.; Curran, D. P.; Tsay, Y.; Mills, J. E. Tetrahedron 
Lett. 1977, 3537. 

(8) Inhoffen, H. H.; Muxfeldt, H.; Koppe, V.; Heimann-Trosien, J. 
Chem. Ber. 1957,90,1448. 

(9) Kelly, T. R.; Goerner, Jr., R. N.; Gillard, J. W.; Prazak, B. K. 
Tetrahedron Lett. 1976, 3869. 

(10) Rozeboom, M. D.; Tegmo-Larsson, I.; Houk, K. N. J. Org. Chem. 
1981, 46, 2338. 

(11) Warrener, R. N.; Evans, D. A. C.; Russell, R. A. Tetrahedron Lett. 
1984,25,4833. 

(12) Potman, R. P.; van Kleef, F. J.; Scheeren, H. W. J. Org. Chem. 
1985,50, 1955. 

(13) Hayakawa, K.; Aso, M.; Kanematau, K. J. Org. Chem. 1985,50, 
2036. 

(14) Some of this work has appeared in a preliminary form: Haya- 
kawa, K.; Aso, M.; Kanematsu, K. J. Chem. SOC., Chem. Commun. 1987, 
102. 
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Generally, 0-silylated ketene acetals15 are known to react 
with various electrophiles, and Michael-type reactions of 
them with a,p-unsaturated carbonyl compounds proceed 
in the presence of Lewis acidl6J7 or in acetonitrile as the 
solvent.'* However, there are few examples of reactions 
of these agents with quinone corn pound^.^^ We have 
found that 1 and 2 react with various 0-silylated ketene 
acetals without any catalysis. When 1 was reacted with 
(trimethylsi1oxy)furan (3, Scheme I)2o in dry methylene 
chloride or dry THF at 0 "C for 30 min and then quenched 
with an aqueous 5% HC1 solution, a yellow crystalline 
Michael adduct, 4, was obtained in good yield. Even 
though 3 is also a good diene, no Diels-Alder adduct was 
observed. 

The structural assignment of 4 was based on the spec- 
troscopic data (Table I). The mass spectrum indicated 

(15) Brownbridge, P. Synthesis 1983, 85. 
(16) (a) N a r d ,  K.; Soai, K.; Mukaiyama, T. Chem. Lett. 1974,1223. 

(b) Narasaka, K.; Soai, K.; Aikawa, Y.; Mukaiyama, T. Bull. Chem. SOC. 
Jpn. 1976,49,779. (c) Saigo, K.; Oaaki, M.; Mukaiyama, T. Chem. Lett. 
1976, 163. 

(17) (a) Chan, T. H.; Prasad, C. V. C. J. Org. Chem. 1986,51,3012; (b) 
Ibid. 1987,52, 110. 

(la) Kita, Y.; Segawa, J.; Haruta, J.; Fujii, T.; Tamura, Y. Tetrahedron 
Lett. 1980, 21, 3779. 

(19) Brimble, M. A.; Gibson, J. J. Tetrahedron Lett. 1987,28,4891. 
(20) (a) Asaoka, M.; Miyake, K.; Takei, H. Chem. Lett. 1977, 167. (b) 

Asaoka, M.; Sugimura, N.; Takei, H. Bull. Chem. SOC. Jpn. 1979,52,1953. 
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that 4 was a desilylated 1:l adduct by the molecular ion 
peak at  m/z 322 (15%) and a characteristic fragmentation 
peak at  m / z  240 (100%) due to the reductive cyclo- 
reversion.21 The IR spectrum showed characteristic 
carbonyl bands at 1785,1755,1710, and 1635 cm-'. The 
'H NMR showed the characteristic peaks of a hydrogen- 
bonded phenolic proton at 6 15.13 and olefinic protons of 
an enedione moiety at 6 7.12 and 6.65 (AB q, J = 10.0 Hz) 
and of an a, @-unsaturated lactone at  6 7.12 (dd, J = 5.8, 
1.6 Hz) and 6.05 (dd, J = 5.8, 1.7 Hz), which indicated the 
conjugate addition took place at the internal double bond 
of 1 as shown in Scheme I. As further confirmation of the 
structure, the remaining external double bond of 4 readily 
reacted with cyclopentadiene to give the Diels-Alder ad- 
duct 5 (84%); whose structure is consistent with 'H NMR 
and IR spectral data. Interestingly, treatment of 5 with 
K2C03 in MeOH resulted in a retro-Michael reaction 
followed by reduction to quinizarin ring to afford 623 in 
76% yield (Scheme I). 

Reaction of 1 with Other Silyl Ketene Acetals 7-9. 
The high reactivity of 1 as a Michael acceptor with 3 
promoted us to examine the reaction of 1 with other silyl 
ketene acetals, 7-9. Reaction of 1 with 7,24 prepared from 
y-butyrolactone, also proceeded smoothly in methylene 
chloride at  0 "C to give a separable mixture of diastereo- 
mers, 10 (37%) and 11 (19%) (Scheme 11; stereochemistry 
unassigned). Compounds 10 and 11 each underwent the 
Diels-Alder reactions with cyclopentadiene to give yellow 
adducts 12 (85%) and 13 (go%), respectively. Attempted 
retro-Michael reaction by base treatment as above resulted 
only in isomerization of 12 to 13. 

Reaction of 1 with 825 proceeded similarly to give an 
inseparable diastereomeric mixture of 14 and 15 (2:l) in 
70% yield (Scheme 11). The Diels-Alder reaction of this 

(21) Quinizarins are molecules potentially prone to reduction (into the 
leucoquinizarins), and this property is well utilized in the Marschalk 
reactions. See ref 22. 

(22) (a) Marschalk, C.; Koenig, F.; Ouroustoff, N. Bull. Chim. SOC. Fr. 
1936,1545. (b) Harwood, L. M.; Hodgkinson, L. C.; Sutherland, J. K. J. 
Chem. SOC., Chem. Commun. 1978, 712. (c) Morris, M. J.; Brown, J. R. 
Tetrahedron Lett. 1978, 2937. (d) Krohn, K. Angew. Chem., Int. Ed.  
Engl. 1979,18,621. (e) Krohn, K.; Hemme, C. Liebigs Ann. Chem. 1979, 
35. 

(23) (a) Chandler, M.; Stoodley, R. J. J. Chem. SOC., Chem. Commun. 
1978, 997. (b) Birch, A. M.; Mercer, A. J. H.; Chippendale, A. M.; 
Greenhalgh, C. W. J. Chem. SOC., Chem. Commun. 1977, 745. 

(24) (a) Rasmussen, J. K.; Hassner, A. J. Org. Chem. 1974, 39, 2558. 
(b) Ainsworth, C.; Chen, F.; Kuo, Y.-N. J. Organomet. Chem. 1972,46, 
59. 

(25) Fleming, I.; Goldhill, J.; Patenon, I. Tetrahedron Lett. 1979,3205. 
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mixture with cyclopentadiene afforded an inseparable 
mixture of adducts 16 and 17 (2:l) in 62% yield; similar 
to the above case, base treatment of this mixture resulted 
in isomerization of the major isomer 16 to 17. 

Conjugate addition of vinyl-substituted silyl ketene 
acetal 9 to the internal double bond of 1 took place ex- 
clusively at the y-position to give yellow crystalline adduct 
18 in 65% yield. The 'H NMR spectrum showed the 
presence of a hydrogen-bonded phenolic proton (6 14.89, 
1 H, s), an enedione moiety (6 7.09 and 6.57, 2 H, AB q, 
J = 10.2 Hz), a crotyl moiety (6 6.55, 1 H, H@; 6 5.65,l H, 
Ha; 6 2.96 and 2.84, each 1 H, methylene). A large coupling 
constant (15.6 Hz) revealed the E configuration of the 
olefinic moiety (Table I). 

In summary, we have found that 1 reacts with various 
0-silylated ketene acetals in a reaction requiring no ca- 
talysis. In each case, the Michael-type addition took place 
at the internal double bond, which has the largest LUMO 
coefficient.2 

Sigmatropic Rearrangement of Michael-Type Ad- 
ducts. Because the Michael-type adducts obtained above 
have unique ?r-systems, we subjected to them to conditions 
that would result in sigmatropic rearrangements. Thus, 
treatment of 4 with 3 equiv of BF3-Et20 in methylene 
chloride at 0 OC afforded yellow crystalline 19 in 59% yield. 
The IR spectrum (1785 and 1755 cm-') and 'H NMR 
spectrum (6 7.81,l H, dd, J = 5.6,1.2 Hz, H@; 6 6.39,l H, 
dd, J = 5.6, 1.2 Hz, Ha) indicate the structure of 19 con- 
taining a,@-unsaturated lactone moiety rather than @,y- 
unsaturated lactone which is the result of a [3,3] sigma- 
tropic rearrangement. The same rearrangement took place 
by refluxing 4 in benzene or THF. Apparently, 19 is 
formed through a [ 1,3] sigmatropic rearrangement via 
tautomeric isomer 4' in a symmetry-forbidden transfor- 
rnationz6 that is driven to completion by the aromaticy of 
19 (Scheme 111). Interestingly, the adducts 10, 11, and 
14 (15) failed to undergo this rearrangement under the 
same conditions. 

The adduct 18 also rearranged under Lewis acid or 
thermal condition, but in a different fashion. Heating 18 

(26) Woodward, R. B.; Hoffmann, R. The Conservation of Orbital 
Symmetry; Verlag Chemie: Weinheim, 1970. 



5600 J. Org. Chem., Vol. 54, No. 23, 1989 Aso et al. 

chromatography (Scheme V). 
Reaction of 1 with @-Substituted 9,26, and 27. The 

quinizarin derivative 21 could be easily transformed to a 
linear tetracyclic system as we have already reported.14 
Thus, we were interested in examining the reactivity of 
P-substituted derivatives of 9, namely, 26 and 27 (Schemes 
VI and VII). The P-substituents of 26 and 27 correspond 
to the functional group at  the C-9 position in the an- 
thracycline system. The reaction of 2621 with 1 in dry THF 
at  -78 "C gave yellow adducts that were unstable to pu- 
rification by silica gel chromatography. However, the 
structure of the products could be estimated to be 28 be- 
cause the treatment of the products with BF3.Etz0 af- 
forded a [ 1,5] sigmatropic rearrangement to give a mixture 
of isomers, 29 (10%) and 30 (20%). The 'H NMR spectra 
indicated the stereochemistry of 29 to be E and that of 30 
to be 2 by their chemical shifts. 

The thermal [3,3] rearrangement of 28 also proceeded 
smoothly to give 31 in 48% yield. Without isolation of 28, 
a two-step one-pot reaction afforded 31 in 48% overall 
yield. Heating a toluene solution of 31 at 160 "C in a sealed 
tube gave 29 only by a [3,3] sigmatropic rearrangement 
(Scheme VI). 

In contrast to 26,27 did not react with 1 in THF at -78 
"C to room temperature. However, activation of 1 by 1 
equiv of BF3.Eh0 in toluene or methylene chloride at -78 
"C resulted in the direct formation of the external adduct 
32 in 29% yield (Scheme VII). The formation of 32 can 
be rationalized by two routes. One is the direct reaction 
of 27 with 1 at the less reactive external double bond, and 
the other is Michael reaction to the internal double bond 
followed by Lewis acid catalyzed [ 1,5] sigmatropic rear- 
rangement. The formation of the Michael adduct as an 
intermediate could not be detected by TLC. To determine 
which route is most likely, the reaction of 1 with 9 in the 
presence and absence of BF3.Et20 was studied. In the 
absence of BF3.Etz0 the reaction proceeded smoothly in 
methylene chloride or THF to give 18 in 59% (vide supra). 
However, in the presence of BF3.Et20, the formation of 
21 was observed shortly after addition of 9 to a toluene 
solution of 1 (15%). During the reaction, Michael adduct 
18 was not detected by TLC. Furthermore, the [1,5] sig- 
matropic rearrangement of 18 was evaluated in the -40 to 
0 "C range and did not occur until near 0 "C. These data 
seem to suggest that both 21 and 32 are formed through 
a direct reaction of 0-silylated ketene acetals at the less 
reactive but sterically favorable external double bond of 
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in refluxing benzene resulted in a [3,3] sigmatropic rear- 
rangement to give orange crystalline 20 in 51% yield. 
Further rearrangement of a toluene solution of 20 in a 
sealed tube at 160 "C afforded quinizarin derivative 21 in 
40% yield. Claisen rearrangement under reductive con- 
ditions (Na2S204, DMF/H20) gave leucoquinizarin deriv- 
ative 22 in 63% yield. Since adduct 18 was somewhat 
unstable to silica gel, its purification was not necessary. 
Direct conversion to 20 followed by reductive rearrange- 
ment to 22 in a three-step one-pot sequence proceeded in 
51% overal yield. On the other hand, treatment of 18 with 
1 equiv of BF3.Et20 afforded 21 directly in 45% yield. 
Since the same treatment did not cause any rearrangement 
of 20, 21 must not form via 20 by two successive [3,3] 
sigmatropic rearrangements but from tautomeric 18' via 
a [ 1,5] sigmatropic rearrangement (Scheme IV). Com- 
pound 21 could be obtained from 1 in 50% overall yield 
without the isolation of any intermediates. 

Reaction of Bicyclic 2 with 9. According to the 
frontier molecular orbital (FMO) calculations, 2 has a lower 
LUMO energy level than 1, and thus 2 is expected to be 
a more reactive dienophile or eledrophile. Indeed, reaction 
of 2 with 9 proceeded smoothly to give 23 quantitatively 
(Scheme V). Since 23 was unstable to Lewis acid con- 
ditions, treatment with BF3.Et20 resulted in only decom- 
position rather than a [ 1,5] sigmatropic rearrangement. 
However, the thermal [3,3] rearrangement of 23 in re- 
fluxing benzene gave orange crystalline 24 in quantitative 
yield. Claisen rearrangement under reductive conditions 
(saturated aqueous Na2S2O4) of 24 afforded 25 as a rela- 
tively stable compound which could be purified by column 
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1. Finally, 32 was transformed easily t o  the intermediate 
36 of Sih's anthracyclinone syn thes i~ .~ '  Hydrolysis of 
thioketal32 (Hg(C1O,)z) gave 33 in 75% yield. Concom- 
itant reduction of the olefin and quinone chromophore of 
33 by Zn in AcOH smoothly proceeded t o  give the leuco- 
quinizarin 34. Oxidation of 34 t o  the  quinizarin 35 was 
achieved by  a silylation-acid hydrolysis procedure. 
Transesterification of 35 gave the intermediate 36, which 
was converted t o  the tetracyclic system 37 by base-cata- 
lyzed cyclization (Scheme VII). 

In summary, we have demonstrated that polyquinones 
1 and 2 serve as Michael acceptors for various 0-silylated 
ketene acetals. We emphasize that these addition reactions 
proceeded without any catalysis and  that t h e  regioselec- 
tivity is controlled completely by the LUMO coefficients 
and energy levels. In  contrast, catalysis by  Lewis acid 
affected the  site selectivity, and the  course of reaction was 
controlled by apparent steric factors t o  give directly the  
external adduct. 

Experimental Section 
The melting points were measured with a Yanagimoto mi- 

cromelting-point apparatus and are uncorrected. The 'H NMR 
spectra were taken with a JEOL PS-100 spectrometer and a 
Hitachi R-600 spectrometer with tetramethylsilane as an internal 
standard, and the chemical shifts are expressed in 6 values. The 
IR spectra were taken with a JASCO A-100 infrared spectro- 
photometer. Mass spectra were determined on a JEOL-D300 
equipped with a JMA 3100/3500 at an ionization voltage of 30-35 
eV. Elemental analyses were performed on a Yanagimoto MT2 

(27) Suzuki, F.; Trenbeath, S.; Gleim, R. D.; Sih, C. J. J. Org. Chem. 
1978,43, 4159. 

CHN recorder. Merck precoated TLC plates (Kieselgel60 F2M, 
0.2 mm) were used for TLC analysis. Column chromatography 
was performed on Merck Kieselgel60 (70-200 mesh) silica gel. 

Materials. Quinizarinquinone (1) and naphthodiquinone (2) 
were prepared according to the reported methods.2 

General Procedure for Michael Reactions of Quin- 
izarinquinone (1) with 0-Silylated Ketene Acetals 3,7, and 
8. To a solution of 1 (100 mg, 0.42 mmol) in 10 mL of dry CHzC12 
was added 1 equiv of the 0-silylated ketene acetals 3, 7, or 8 in 
3 mL of dry CH2C12 at 0 "C under Ar. The reactions were 
monitored by TLC. After 30 min, the reactions were quenched 
with 10 mL of 5% HC1, and the resulting mixture was extracted 
with CH2C12. The combined organic extracts were washed with 
saturated NaHC03 and brine, dried over Na2S04, and evaporated 
under reduced pressure. The residual solids were chromato- 
graphed on silica gel eluting with n-hexanelAc0Et (1:l-1:4) to 
give Michael adducts 4 (82%), 10 (37%), 11 (19%), or 14 and 15 
(70%). The spectral data of the adducts were summarized in 
Table 1. 

Reaction of Quinizarinquinone (1) with 0-Siiylated 
Ketene Acetals 9 and 26. To a solution of 1 (100 mg, 0.42 m o l )  
in 10 mL of dry THF or CHzC12 was added a solution of 9 or 26 
in 3 mL of solvent at -78 "C under Ar. The reactions were 
monitored by TLC. After 30 min, 10 mL of 5% HC1 was added, 
and the same workup as described above afforded 18 (96 mg, 65%) 
or 28. For 18, silica gel chromatography (n-hexanelAcOEt = 41) 
and recrystallization from CHzC12 and n-hexane group pure 18 
as yellow crystals: mp 101-102.5 "C. Anal. Calcd for C&II6O6: 
C, 68.18; H, 4.58. Found: C, 68.03; H, 4.60. 

General Procedure for Cycloaddition Reactions of Mi- 
chael-Type Adducts 4,10, ll, and 14 (15). A solution of 4 and 
an excess of cyclopentadiene (2 equiv) in CH2Clz was stirred at 
room temperature. The reactions were monitored by TLC. After 
consumption of the starting material, the solution was evaporated 
under reduced pressure, and the residual solid was chromato- 
graphed on silica gel eluting with n-hexane/AcOEt (4:l-6:l) to 
give the Diels-Alder adduct 5. Recrystallization from CHzClz and 
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n-hexane gave pure 5. By the same procedure, Diels-Alder ad- 
ducts 12, 13, and 16 (17) were obtained from 10, 11, and 14 (15), 
respectively. 

5: 84%; mp 154-156 "C; IR (CHC1,) 1790, 1760, 1725, 1670 
cm-'; 'H NMR (CDCl3) 6 16.78 (s, 1 H), 8.26-8.16, 7.84-7.67 (m, 
4 H), 6.88 (dd, J = 5.8, 1.5 Hz, 1 H), 6.14 (dd, J = 5.8, 2.0 Hz, 
1 H), 6.00 (m, 2 H), 5.59 (dd, J = 2.0, 1.5 Hz, 1 H), 3.48 (m, 4 H), 
1.58 (m, 2 H). 

12: 85%; mp 191-192 "C; IR (CHC13) 1765,1725,1670 cm-'; 
'H NMR (CDCl,) 6 16.44 (9, 1 H), 8.28-8.02, 7.79-7.62 (m, 4 H), 
6.06 (m, 2 H), 4.12 (t, J = 7.2 Hz, 2 H), 3.56-3.10 (m, 5 H), 2.42 
(m, 2 H), 1.56 (m, 2 H); MS, m/z  390 (M'). 

13: 80%; mp 188-190 "C; IR (CHCl,) 1760,1720,1670 cm-'; 
'H NMR (CDCl,) 6 16.10 (s, 1 H), 8.27-8.12, 7.85-7.70 (m, 4 H), 
6.05 (m, 2 H), 4.13 (t, J = 7.2 Hz, 2 H), 3.80-3.25 (m, 5 H), 2.32 
(m, 2 H), 1.51 (m, 2 H); MS, m/z  390 (M+). 

16 and 1 7  62%; IR (CHCl,) 1725,1675 cm-'; 'H NMR (CDCl,) 
b (16, major) 16.46 (s, 1 H), 8.28-8.04, 7.84-7.55 (m, 4 H), 6.06 
(m, 2 H), 3.82 (s, 3 H), 3.89-3.23 (m, 5 H), 1.52 (m, 2 H), 1.31 (d, 
J = 7.2 Hz, 3 H); (17, minor) 16.61 (9, 1 H), 8.28-8.04,7.84-7.55 
(m, 4 H), 6.06 (m, 2 H), 3.33 (s, 3 H), 3.89-3.23 (m, 5 H), 1.52 (m, 
2 H), 1.19 (d, J = 7.2 Hz, 3 H). 

Base-Catalyzed Cycloreversion of 5. A mixture of 5 (68 mg, 
0.18 mmol) and K2C03 (25 mg, 0.18 mmol) in 3 mL of MeOH was 
stirred at  room temperature. After consumption of the starting 
material, the mixture was diluted with CH2C12, washed with 5% 
HC1, HzO, and brine, dried over NaZSO4, and evaporated under 
reduced pressure. The residual solids were chromatographed on 
silica gel eluting with n-hexanelAc0Et (2:l) to give 6 (41 mg, 76%) 
as yellow crystals. mp 143-144 "C (CH2C12-n-hexane); IR (CHCl,) 
1620, 1600 cm-'; 'H NMR (CDCl,), 6 14.49 (s, 2 H), 8.55-8.39, 
7.82-7.67 (m, 4 H), 6.07 (m, 2 H), 3.70 (m, 2 H), 3.45 (m, 2 H), 
1.51 (m, 2 H). 

Lewis Acid Catalyzed [ 1,3] Sigmatropic Rearrangement 
of 4. To a solution of 4 (111 mg, 0.34 mmol) in 30 mL of dry 
CHPC12 was added BF,.EhO (0.13 mL, 1.02 mmol) at -40 "C under 
Ar, and the reaction mixture was warmed to room temperature. 
The reaction was monitored by TLC. After consumption of the 
starting material, the reaction mixture was quenched with 10 mL 
of H20  and extracted with CHZCl2, washed with H20 and brine, 
dried over Na2S04, and evaporated under reduced pressure. The 
residual solids were chromatographed on silica gel eluting with 
n-hexanelAc0Et (41) to give 19 (65 mg, 59 %) as yellow crystals: 
mp 252-256 "C (CHCl,-ether); IR (CHCl,) 1785,1755,1665,1635, 
1585 cm-'; 'H NMR (CDCl,) 6 13.06 (s, 1 H), 8.37-8.22,7.88-7.70 
(m, 4 H), 7.81 (d, J = 5.6, 1.2 Hz, 1 H), 7.64 (d, J = 9.3 Hz, 1 H), 
7.33 (d, J = 9.3 Hz, 1 H), 6.39 (dd, J = 5.6, 1.2 Hz, 1 H), 6.30 (t, 
J = 1.2 Hz, 1 H); MS, m / z  322 (M+). 

Thermal [ 1,3] Sigmatropic Rearrangement of 4. A solution 
of 4 (100 mg, 0.31 mmol) in 10 mL of benzene was refluxed for 
3 h. After the starting material had disappeared, the solvent was 
evaporated under reduced pressure. The residual solids were 
chromatographed on silica gel eluting with n-hexanelAc0Et (2:l) 
to give 19 (50 mg, 50%). 

[3,3] Sigmatropic Rearrangement of 18 and 28. A solution 
of 18 or 28 in benzene was refluxed for 3 h. The solvent was 
evaporated under reduced pressure, and the residual solids were 
chromatographed on silica gel eluting with n-hexanelAc0Et (41) 
to give 20 (51%) or 31 (48%). Recrystallization from CHzC12 and 
n-hexane afforded samples as follows: 

2 0  mp 121-121.5 "C; IR (CHCl,) 1730,1665,1635,1590 cm-'; 
'H NMR (CDCl,) 6 13.03 (s, 1 H), 8.38-8.22, 7.85-7.70 (m, 4 H), 
7.34 (d, J = 9.3 Hz, 1 H), 7.21 (d, J = 9.3 Hz, 1 H), 6.19 (ddd, 
J = 17.2, 10.1, 5.6 Hz, 1 H), 5.80 (ddd, J = 17.2, 1.7, 1.2 Hz, 1 
H), 5.49 (ddd, J = 10.1, 1.7, 1.5 Hz, 1 H), 5.17 (ddd, J = 5.6, 1.5, 
1.2 Hz, 1 H), 4.28 (4, J = 7.2 Hz, 2 H), 1.28 (t, J = 7.2 Hz, 3 H); 
MS, m / z  352 (M+). 

31: mp 84-85 "C; IR (CHCl,) 1730,1670,1635,1595 cm-'; 'H 
NMR (CDCl,) 6 13.05 (s, 1 H), 8.34-8.13, 7.91-7.69 (m, 4 H), 
7.50-7.20 (m, 7 H), 6.06 (d, J = 0.6 Hz, 1 H), 5.42 (s, 1 H), 5.16 
(d, J = 0.6 Hz, 1 H), 4.30 (q, J = 7.2 Hz, 2 H), 1.30 (t, J = 7.2 
Hz, 3 H); MS, m/z 460 (M+). Anal. Calcd for C,H,O,S: C, 67.81; 
H, 4.38. Found: C, 67.55; H, 4.63. 

[3,3] Sigmatropic Rearrangement of 20 and 31. A solution 
of 20 or 31 in toluene was heated at  160 "C in a sealed tube. After 
consumption of the starting material, the solvent was evaporated 

Aso e t  al. 

under reduced pressure, and the residual solids were chromato- 
graphed on silica gel eluting with n-hexanelAc0Et (4:l) to give 
21 (40%) or 29 (36%). Recrystallization from CH2Clz and n- 
hexane afforded pure samples as follows: 

21: mp 140-141 "C; IR (CHC1,) 1710,1620,1585 cm-'; 'H NMR 
(CDC1,) 6 13.28 (s, 1 H), 12.83 (s, 1 H), 8.40-8.24, 7.89-7.74 (m, 
4 H), 7.12 (dt, J = 15.7, 6.9 Hz, 1 H), 7.11 (s, 1 H), 5.91 (dt, J 
= 15.7, 1.4 Hz, 1 H), 4.20 (9, J = 7.2 Hz, 2 H), 3.62 (dd, J = 6.9, 
1.4 Hz, 2 H), 1.28 (t, J = 7.2 Hz, 3 H); MS, m/z 352 (M'). Anal. 
Calcd for CmH1606: C, 68.18; H, 4.58. Found C, 68.20; H, 4.56. 

2 9  mp 177-178 "C; IR (CHCl,) 1695,1620,1585 cm-'; 'H NMR 
(CDCl,) 6 13.48 (5, 1 H), 12.97 (s, 1 H), 8.43-8.22, 7.89-7.74 (m, 
4 H), 7.48-7.35 (m, 6 H), 5.51 (s, 1 H), 4.38 (s, 2 H), 4.07 (4, J 
= 7.2 Hz, 2 H), 1.18 (t, J = 7.2 Hz, 3 H); MS, m/z  460 (M'). Anal. 
Calcd for C=H,O,$: C, 67.81; H, 4.38. Found c ,  67.76; H, 4.43. 

Reductive [3,3] Sigmatropic Rearrangement of 18. A 
mixture of 18 (35 mg, 0.1 mmol) and Naa2O4 (24 mg, 0.14 mmol) 
in 0.8 mL of DMF-H,O (3:l) was heated at  70 "C for 2 h under 
N2. After cooling, the reaction mixture was diluted with 20 mL 
of CH2Clz, washed repeatedly with H20, dried over Na2S04, and 
evaporated under reduced pressure. The residual solids were 
chromatographed on silica gel eluting with n-hexanelAc0Et (6:l) 
to give 22 (22 mg, 63%) as yellow crystals: mp 111-113 "C 
(CH2C12-n-hexane); IR (CHCI,) 1710,1635,1585 cm-'; 'H NMR 
(CDC1,) 6 13.42 (s, 1 H), 13.40 (s, 1 H), 8.47-8.32, 7.82-7.66 (m, 
4 H), 6.97 (dt, J = 16.2, 7.2 Hz, 1 H), 5.94 (d, J = 16.2 Hz, 1 H), 
4.20 (4, J = 7.2 Hz, 2 H), 3.68-2.53 (m, 5 H), 1.29 (t, J = 7.2 Hz, 
3 H); MS, m / z  354 (M+). 

Lewis Acid Catalyzed [ 1,5] Sigmatropic Rearrangement 
of 18 and 28. To a solution of 18 or 28 in dry CHzClz was added 
1 equiv of BF,.E&O under Ar at -40 "C, and the reaction mixture 
was slowly warmed to room temperature. After the consumption 
of the starting material, the reaction mixture was quenched with 
H20  and extracted with CH2C12, washed with brine, dried over 
Na2S04, and evaporated under reduced pressure. The residual 
solids were chromatographed on silica gel eluting with n-hex- 
ane/AcOEt (9:l) to give 21 (51%) or 29 (10%) and 30 (20%). 

3 0  mp 175-176 "C; IR (CHCl,) 1680,1610,1575 cm-'; 'H NMR 
(CDCl,) 6 13.03 (s, 1 H), 12.87 (s, 1 H), 8.45-8.22, 7.98-7.77 (m, 
4 H), 7.57-7.15 (m, 6 H), 5.83 (s, 1 H), 4.25 (9, J = 6.6 Hz, 2 H), 
3.56 (s, 2 H), 1.31 (t, J = 6.6 Hz, 3 H); MS, m/z 460 (M'). Anal. 
Calcd for CzeH,O6S: C, 67.81; H, 4.38. Found: C, 67.75; H, 4.37. 

Reaction of Naphthodiquinone (2) with 9. To a solution 
of 2 (106 mg, 0.56 mmol) in 10 mL of dry CH2C12 was added a 
solution of 9 (156 mg, 0.84 mmol) in 3 mL of dry CHzCll a t  -78 
"C under Ar, and the reaction mixture was warmed to room 
temperature. After the starting material had disappeared, the 
reaction was quenched with 5 mL of 5% HCl, and the resulting 
mixture was extracted with CH2Cl2, washed with H20 and brine, 
dried over Na2S04, and evaporated to give 23 as a red oil; IR 
(CHC1,) 3400, 1715, 1645, 1570 cm-'; 'H NMR (CDCl,) 6 14.04 
(s, 1 H), 6.96 (d, J = 10.2 Hz, 2 H), 6.54 (d, J = 10.2 Hz, 2 H), 
6.53 (dt, J = 15.6, 7.8 Hz, 1 H), 5.68 (d, J = 15.6 Hz, 1 H), 4.09 
(9, J = 7.2 Hz, 2 H), 2.89 (d, J = 7.8 Hz, 2 H), 1.18 (t, J = 7.2 
Hz, 3 H); MS, m/z  302 (M+). 

[3,3] Sigmatropic Rearrangement of 23. A solution of 23 
(110 mg, 0.36 mmol) in 20 mL of benzene was heated at  reflux. 
After the starting material had disappeared, the solution was 
concentrated under reduced pressure to afford 24 (110 mg, 100%) 
as red crystals. Recrystallization from benzene and n-hexane 
afforded a pure sample: mp 121-123 "C; IR (CHC13) 3400,1720, 
1640, 1605 cm-'; 'H NMR (CDCl,) 6 12.43 (8 ,  1 H), 7.21 (s, 2 H), 
6.89 (s, 2 H), 6.18 (ddd, J = 15.0, 9.6, 4.8 Hz, 1 H), 5.78 (dm, J 
= 15.0 Hz, 1 H), 5.46 (dm, J = 9.6 Hz, 1 H), 5.14 (dm, J = 4.8 
Hz, 1 H), 4.27 (q, J = 7.2 Hz, 2 H), 1.28 (t, J = 7.2 Hz, 3 H); MS, 
mlz  302 (M+). 

Reductive [3,3] Sigmatropic Rearrangement of 24. A so- 
lution of 24 (51 mg, 0.17 mmol) in 10 mL of ether was shaked with 
saturated NazSzO4 in a separatory funnel until the color of the 
solution changed from orange to yellow. The organic layer was 
washed with H20 and brine, dried over Na2S04, and evaporated 
under reduced pressure. The residue was chromatographed on 
silica gel eluting with n-hexanelAc0Et (4:l) to give 25 as a red 
oil IR (CHCl,) 3400,1710,1640 cm-'; 'H NMR (CDCl,) 6 11.86 
(s, 1 H), 11.82 (s, 1 H), 7.26 (s, 2 H), 6.93 (dt, J = 15.6, 7.2 Hz, 
1H),5.91(d,J=15.6Hz,lH),4.20(q,J=7.2Hz,2H),3.00-2.51 
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(m, 5 H), 1.28 (t, J = 7.2 Hz, 3 H); MS, m / z  304 (M'). 
Reaction of 1 with 27. To a stirred solution of 1 (150 mg, 

0.64 mmol) in 10 mL of dry toluene at -78 "C was added 1 equiv 
of BF3.Et20 (0.08 mL, 0.64 mmol) under Ar, and the reaction 
mixture was stirred at -78 "C. After 30 min, 27 (200 mg, 0.64 
mmol) was added to the reaction mixture, which was stirred for 
30 min. The reaction mixture was quenched with 5 mL of HzO, 
extracted with AcOEt, washed with brine, dried over Na$04, and 
evaporated to dryness. The residual solids were chromatographed 
on silica gel eluting with n-hexanelAc0Et (9:l) to give 32 (89 mg, 
29%) as red crystals: mp 180-181 "C (CH2ClZ-n-hexane); IR 
(CHC1,) 1715,1620,1585 cm-'; 'H NMR (CDC1,) 6 13.54 (s, 1 H), 
12.94 (s, 1 H), 8.36-8.22, 7.90-7.69 (m, 4 H), 7.05 (s, 1 H), 6.94 
(s, 1 H), 4.32 (8 ,  2 H), 4.14 (4, J = 7.2 Hz, 2 H), 2.72-2.65 (m, 4 
H), 2.08-1.89 (m, 2 H), 1.66 (s, 3 H), 1.24 (t, J = 7.2 Hz, 3 H); 
MS, m / z  484 (M'). Anal. Calcd for Cz5HZ4OsSz: C, 61.97; H, 
4.99. Found: C, 61.78; H, 4.97. 

Hydrolysis of the Thioketal of 32. To a solution of 32 (20 
mg, 0.04 mmol) in 3 mL of THF was added Hg(C104)2 (73 mg, 
0.16 mmol), and the reaction mixture was stirred at room tem- 
perature. After 30 min, the mixture was filtered. The filtrate 
was diluted with AcOEt, washed with HzO and brine, dried over 
Na2S04, and evaporated to dryness. The residual solids were 
chromatographed on silica gel eluting with n-hexane/ AcOEt (91) 
to give 33 (12 mg, 75%): mp 149-150 "C; IR (CHCl,) 1720,1685, 
1620, 1590 cm-'; 'H NMR (CDC13) 6 13.44 (s, 1 H), 12.89 (s, 1 H), 
8.41-8.20, 7.95-7.73 (m, 4 H), 7.00 (s, 1 H), 6.82 (a, 4 H), 4.26 (5, 

2 H), 4.25 (4, J = 7.2 Hz, 2 H), 2.43 (s, 3 H), 1.29 (t, J = 7.2 Hz, 
3 H); MS, m / z  394 (M'). Anal. Calcd for C22H19O7: C, 67.00; 
H, 4.60. Found: C, 67.01; H, 4.59. 
2-(2'-(Carbethoxymethyl)-3'-oxobutyl)-l,4-dihydroxy- 

anthraquinone (35). A mixture of 50 mg (0.13 mmol) of 33,51 
mg (0.78 mmol) of zinc dust, and 2 mL of acetic acid was stirred 
at room temperature. After 1 h, the reaction mixture was diluted 
with 5 mL of CHzC12 and filtered. The filtrate was washed with 
saturated NaHC03, H20, brine, dried over Na2S04, and evapo- 
rated to dryness. The residual solids were dissolved in 2 mL of 
DMF and the solution was treated with TMSCl (0.1 mL, 0.78 
mmol) and imidazole (70 mg, 1.04 mmol). After this stirred at  
room temperature under Ar for 1 h, 5 mL of saturated NaF was 
added. The mixture was stirred for 15 min, extracted with AcOEt, 
washed with HzO and brine, dried over Na2S04, and evaporated 
under reduced pressure. The residual solids were chromato- 
graphed on silica gel eluting with n-hexanelAc0Et (4:l) to give 
35 (30 mg, 60%) as red crystals: mp 82-84 "C; IR (CHClJ 1720, 
1620, 1585 cm-'; 'H NMR (CDCI,) 6 13.35 (s, 1 H), 12.80 (8, 1 H), 
8.40-8.18, 7.96-7.74 (m, 4 H), 7.10 (s, 1 H), 4.09 (q, J = 7.2 Hz, 
2 H), 3.64-2.45 (m, 5 H), 2.29 (s, 3 H), 1.21 (t, J = 7.2 Hz, 3 H); 
MS, m / z  396 (M+). Anal. Calcd for C22HmO7: C, 66.66; H, 5.09. 
Found: C, 66.49; H, 5.26. 
2-(2'-(Carbomethoxymethyl)-3'-oxobutyl)-l,4-dihydroxy- 

anthraquinone (36). A mixture of 50 mg (0.13 mmol) of 35,2 
drops of HzS04, and 30 mL of MeOH was stirred for 24 hr. The 
mixture was diluted with CH2Clz, washed with saturated NaHCO,, 
H20, brine, dried over NaZSO4, and evaporated to dryness. The 
residual solids were chromatographed on silica gel eluting with 
n-hexane/AcOEt (41) to give 36 as red crystals: mp 182-184 "C 
(lit.n mp 170-180 "C) (CHzC12-n-hexane); IR (CHCl,) 1720,1620, 
1585 cm-'; 'H NMR (CDC1,) 6 13.38 (s, 1 H), 12.83 (s, 1 H), 
8.41-8.21,7.96-7.75 (m, 4 H), 7.10 (8 ,  1 H), 3.63 (s, 3 H), 3.49-2.45 
(m, 5 H), 2.29 (s, 3 H); MS, m / z  382 (M'). Anal. Calcd for 
C21H1807: C, 65.97; H, 4.74. Found: C, 65.78; H, 4.75. 

Reaction of Lithium Enolates with Carbon Disulfide: Synthesis of 
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The reaction of lithium enolates 5, generated from esters 4 having only one a-hydrogen atom, with carbon 
disulfide at  -78 "C followed by alkylation with alkyl halide afforded 0-( l-alkoxy-2,2-dialkylvinyl) S-alkyl di- 
thiocarbonates (7) in excellent yields (84-95%). An unambiguous structural assignment was made with the help 
of spectral and microanalytical data. A plausible mechanism has been proposed, in light of available literature, 
that explains the results of the reaction of enolates with carbon disulfide. The transformation is significant from 
both the synthetic and mechanistic points of view. These products have not previously been reported, and compound 
8 was reported to be the primary product of the reaction of lithium enolate with carbon disulfide. This report 
represents the first example of the formation of a C-0 bond between the oxygen of an enolate and the carbon 
disulfide. 

Lithium enolates have played a major role in the de- 
velopment of modern organic chemistry. They are gen- 
erated by the deprotonation of carbonyl compounds with 
amide bases, such as lithium diisopropylamide (LDA),' 
lithium tetramethylpiperidide (LTMP),2 and lithium 
hexamethyldisilazanide (LHMDS),3 in THF in the pres- 
ence of a cosolvent or of a complexing agent and preferably 
at low temperature. The reactions involving enolates were 
described until recently by drawing a negative charge on 
the carbon atom, even though it  was realized that the 
negative charge is located on the more electronegative 

oxygen, but pragmatically this was done because that is 
where they react. Recent studies4 on the structure and 
reactivity of enolates, in solution and in the crystalline 
state, by X-ray, spectroscopic, and physicochemical 
methods have now established that Li and Na enolates 
exist as aggregates in nonpolar solvents and that these 
aggregates: probably, are the product-forming species. 
These studies have certainly helped in a better under- 
standing of the reaction of lithium enolates, but there still 
exist gaps in our knowledge. 

The reaction of enolates with carbon disulfide has been 
well studied.- A typical course of the reaction of carbonyl 
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