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Abstract —a. §- and §, 7-unsaturated esters can be converted by strong base and chlorotrimethylsilane to
the corresponding mixed vinylketene acctals which are shown to be particularly useful and generally
applicable reagents for the regiospecific annulation of halogenoquinones. The reaction proceeds readily
with a variety of substrates including benzoquinones.

Recently various vinylketene acetals had been shown
to be convenient partners with halogenated quinones
in the regiospecific synthesis of a number of naturally
occurring substances.” In a preliminary commu-
nication,’ a simple and general procedure was pro-
posed using readily available unsaturated esters to
gencrate the diverse dienes required for the efficient
claboration of the great variety of substitution pat-
terns encountered. The usefulness of the method has
been attested since then by the frequency with which
it has been applied.*

Preparation of dienes. Although formation of a
dienolate ion by the action of strong base on an
unsaturated ester and its conversion to a mixed
vinylketene acetal by quenching with a chlorosilane
had briefly been alluded to earlier,’ preparation of
these dienes did not become common practice until
1979.4¢ Many bases such as lithium cyclo-
hexylisopropylamide’ or 2, 2, 6, 6-tetramethylpiperi-
dide* and sodium or lithium bistrimethylsilylamide®
have been suggested for such purposes, but Ains-
worth's'® basic procedure as devised for more simple
systems, using lithium diisopropylamide, was found
overall to be the most satisfactory. In the few cases
examined, sodium bistrimethylsilylamide gave com-
parable yiclds, however it was found to be much less
convenient to handle. The other bases were indeed as
effective but they tended to give products con-
taminated with the liberated amine which was not the
case when LDA was chosen (Scheme 1).

Various attempts to establish the best reaction
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conditions are summanzed in Table 1. This shows
clearly that distillation of the dienc at the lowest
possible temperature is the sole most important fac-
tor affecting yield and confirms the case with which
these compounds undergo thermal rearrangement.'
It also indicates that a fairly slow addition of the
chlorosilane at -- 78", preferably diluted in solvent
and followed by a gradual return to room tem-
perature also tends to improve the overall process.

Among simple dienes, the 3-Me- and 3-OMe-
derivatives are obtained straightforwardly from the
corresponding %, §-unsaturated methyl esters in good
to high yields. These compounds are the most stable
of the senes and can be kept for several weeks in a
freezer without apparent deterioration. Routine ex-
amination (90 MHz NMR etc) seems to indicate that
the products are homogeneous but since originally
prepared diene 8 has been described as a 1:1 mixture
of isomers'' on the basis of a 200 MHz NMR
spectrum.

Mixed vinylketene acetals, unsubstituted on the
3-position are also accessible in principle from z,
B-unsaturated esters if HMPA is incorporated to the
reaction medium in order to preclude Michael-type
additions to the unreacted substrate.'? In view of the
many disadvantages of handling HMPA, it was even-
tually judged more advantageous to use the equally
accessible f, 7- unsaturated analogs which, laking
conjugation, did not require use of the additive.

Starting materials were either commercial products
or available by standard methods. Mecthyl 3-
butenoate was prepared conveniently albeit in low
yield by the acid catalyzed methanolysis of allyl
cyanide while a Reformatsky reaction between
methyl chloroformate and crotyl bromide provided a
quite acceptable yield of methyl 2-methyl-3-
butenoate.” Finally the cyanohydrin of acrolein after
methanolysis and ethenfication with methyl iodide
and silver m oxide afforded methyl
2-methoxy-3-butenoate.'

Reactions with halogenated quinones. Cycloaddit-
ions of vinylketene mixed acetals with quinones were
systematically conducted in benzene at room tem-
perature. An carlier procedure using THF at low
temperatures was discarded although it generally
gave slightly higher yields since it also produced a
varicty of troublesome by-products. Aromatization
could be achieved cither through pyrolysis of the neat
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Table 1. Effect of various parameters on yicld of dienc 7

Nature and Reactton Addition Distillation Yield
ratio of base Time Time (CITMHS) Pressure b4
to substrate (min) (min) (ma Hg)
LDA 10 15 50?
1R
LOA 30 18 |
2: !
LoA 30 15 “
2:1 |
| Loa® 0 © 0 n
i 1: |
LDA 30 0.4 l' n
1
LOA I s0 " e 17 54 |
11 :
LICA 15 | 23 ~ 509
1:1
LICA 30 15 ~ 509
1 H
i 3 30 7 ag¢
. i I
1:1 i L !

3) Some unreacted material

b) Inverse addition

c) CITMS diluted

with equél volume of THF d) contaminated with amine.

adduct at the appropriate temperature (when evo-
lution of hydrogen halide is detected) or better by
slow percolation of the reaction mixture through a
column of silica gel. Thus pyrolysis of an adduct
obtained from quinone 11 and diene 8 gave 18a and
18b with yields of 529 and 13% while aromatization
on silica gel increased these to 76%, and 14% re-
spectively. In the anthraquinone series the difference
was even more marked, pachybasin (37a) being pro-
duced from 29 and 8 by the thermal process in a yield
of only 265, (+ 7%, of 3Tb) which was improved to
929, (+ 3% of 37d) by contact with active adsorbent.

Reactions involving mixed vinylketene acetals ob-
viously can give two quinonic products depending
upon which oxygenated function is eliminated during
aromatization. In fact only small amounts (less than
5%) of the O-Me derivative were usually encountered,
a surprising chemoselective result which nonetheless
indicates that a rapid acid-catalyzed rupture of the
silyl ether is taking place followed by ketonisation
and highly selective loss of the OMe group. In one
instance, a 159 yield of such an intermediate 19¢
was in fact encountered and surprisingly found to
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be rather resistant to aromatization. Condensation
with 3-chloro-S-methoxynaphthoquinones behaved
somcwhat differently giving much higher proportions
of the methyl ether (up to 44%,). This observation can
tentatively be ascribed to a well established increase
of the electron density on the oxygen of the 10-CO

and the resultant stabilization of the intermediate
hemiacetal i through more effective H- bonding and
eventually a greater competition between the two
oxygenated function during elimination.

The behavior of mixed vinylketene acetals towards
benzoquinones in contrast to that of the analogs used
previously'® gave unexpectedly good results and thus
for the first time allowed truly advantageous prepara-
tions of naphthoquinones to be carried out by this
approach. This difference seems to be related to a
decreased reactivity with respect to less hindered
dialkoxydienes since yields were not appreciably im-
proved by lowering reaction temperatures (Scheme
2).

The dichloro derivatives 11 and 12 in particular
yield various intermediates invaluable for the sub-
sequent  synthesis of anthraquinones while the
2<chloro-5- and 6-methoxy analogs 13 and 14 provide
convenient access to the natural products
3-methoxy-7-methyljuglone 21a and flaviolin-2,
7-dimethyl cther 22a in conjunction with the appro-
priate diene (8 or 7). More complex substances such
as a trimethyl ether of spinochrome B (23) or an
isomer (28a) of diomelquinone A (converted to the
natural product 6-O-methyldiomelquinone A), can be
obtained directly from the simple substrates 15 or 16
and the dienes 7 or 9.

Halogenated naphthoquinones also combine with
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mixed vinylketene acetals giving convenient access in
principle to a multitude of variously substituted
anthraquinones. These substrates as expected are less
reactive than the benzoquinones and cycloadditions
are best conducted as suspensions or even in the
absence of solvent. No exceptions were found and
yields throughout vary from fair to excellent. In this
study the usefulness of the process was examined by
stressing the particular advantages of this approach.

The method was applied to the preparation of
some simple but less readily available natural sub-
stances now accessible from unsaturated esters and
the naphthoquinones obtained above. Thus chrys-
ophanol (39a), isochrysophanol (42a) and 3-
methoxychrysazin (36a) could all be obtained in one
step from 3-chlorojuglone (31). Chloronaphthazarin
(33) provided a simple synthesis of helminthosponn
(40a) while recently prepared more complex naph-
thoquinones 26a, 27a and 34 gave derivatives (44 and
46) of monndone and copareolatin.

The well established regiospecificity® of such reac-
tions is retained in the case of mixed vinylketene
acetals and can be strikingly illustrated by the syn-
thesis of chrysophanol (39a) and ziganein (38a) from
dienc 8 and isomeric chlorojuglones 31 and 30 as well
as by those of isochrysophanol (42a) and “‘iso-
ziganein™ (41a) from diene 10 and the same pair of
substrates.

Directing the regiochemistry of cycloaddition with
halogen substituents has long been known to allow a
convergent approach'® to the synthesis of anthra-
quinones. The unsatisfactory behaviour of dienc 6
was established in the preparation of chrysophanol
(392) in 172/ yield from naphthoquinone 18a whereas
from 3-chlorojuglone (31) and dienc 8 a 63% con-
version could be obtained. Similarly morindone

6-methyl ether (44) was accessible from both naph-
thoquinone 26a and 27a. The approach with the
latter is far more satisfactory (63% instead of 179
from 26a) since it uses the more efficient diene 9
although substrate 26a is obtained in better yield than
27a thus partially nullifying the advantage. A final
example involves the preparation of physcion (47a).
The procedures from 17a or 18a and the appropriate
diene are comparable (637 and 68% respectively) and
since the substrates 17a and 18a can both be obtained
in good yield neither is clearly preferable.

The direct synthesis of a specific partially methyl-
ated polyhydroxyanthraquinone by using the appro-
priate choice of available dienes has already been
pointed out.' Mixed vinylketene acetals provide yet
another such reagent and considerably extends the
scope of this approach. For instance quinone 32 and
dienc 8 give chrysophanol 8-methyl ether (39¢) while,
the 1-methyl ether 39 is accessible as a by-product
of the reaction between 18a and diene 6. Finally the
isomenic “emodin 6, 8- (47h) and “'1, 6-dimethyl
ethers’ (47c) can be obtained readily from 17b and
18b respectively.

The usual regiochemistry dependent only on the
position of the halogen was observed throughout
with one minor but significant exception. S5,
7-Dimethoxy-3chloronaphthoquinone  (17b) in
which the clectronic effects of the OMe groups op-
pose an attack on the unsubstituted position gave
2 6%, of a product 48 corresponding to an ipso-attack
of the nucleophilic end of the diene on the Cl-bearing
site. This is the first and only exception encountered
so far and is of interest since it pinpoints the situation
in which the regiospecificity begins to break down.

With a particular type of substrate, 3-chloro-
juglone (31), another type of product was also de-
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tected. These substances easily identified from the
spectral data as y-quinonylcrotonic esters ii may be
present in other reaction mixtures where they consti-
tutc less than 19 of the products but are significantly
more abundant (5-14°%) in the specified cases. The
occurence of these compounds is undoubtedly im-
portant from the mechanistic point of view but at
present it is uncertain whether they anse along with
cycloadducts from a common intermediate or as the
result of a side-reaction. In any event, the formation
of such substances appears to be favored when
“internal acid catalysis™ is present, i.¢. in juglones and
accentuates the polar aspect of the process.
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EXPERIMENTAL

All m.ps were taken for samples in capillary tubes with
a Thomas-Hoover Apparatus and arc not corrected. The
UV and IR spectra were determined on Hewlett-Packard
8450A and Beckman Model IR-12 or IR-4250 spectropho-
tometers. NMR spectra were recorded with Bruker HX-90
or when indicated Varnian EM-360A (60 MHz) spectrometers
using TMS as an internal standard. Mass spectra were obtained
with Vanian M-66 or Hewlett-Packard 5995A GC/MS spec-
trometers. Woelm stlica gel. activity 1[I, or Merck silica gel
60F ;.. both for dry column chromatography, were used
throughout in a product 1o adsorbent ratio of 1:50-100. Iden-
tification of synthetic compounds with authentic matenals
was carried out by TLC in at least four solvent systems and
by companson of their spectra. Elemental analyses were pro-
vided by Galbraith Laboratonies, Inc., Knoxville, Tennessee.

Preparation of unsaturated esters

Methy! (E)-3-methoxy-2-butenoate (1). This compound
was obtained in 95% yield according to the method de-
scribed for the cthyl ester,'” b.p. 128 132,200 250 mm (lit.'*
b.p. 175-177°); IR v, (film) 2960, 2820, 1712, 1630, 1430,
1390, 1360, 1285, 1190, 1140 and 1050cm '; NMR (CDCl,)
6 2.28 (3H, s, 4 H), 3.63, 3.64 (2 x 3H, 25, 1, 3-OCH,) and
5.03 (1H, brs, 2-H).

Methy! 3-butenoate (3) was produced conveniently but in
low yield (23%,) by the acid-catalyzed methanolysis of ally!
cyanide, b.p. 107-109".

Methyl 2-methoxy-3-butenoate (4). This ester was pre-
pared from the corresponding 2-hydroxy compound'* using
silver (1) oxide and methyl iodide (87°;), b.p. 63-64°/24 mm;
IR v, (film) 2945, 2820, 1753, 1640, 1435, 1275, 1200, 1135,
1105, 1010, 990, 935 and 755cm ', NMR (CDCl,) é 3.36
(3H. s, 2-OCH,). 3.76 (3H, s, 1-OCH,), 4.20 (1H, ddd.
J-60,1.3,1.0Hz 2-H), 5.24 (1H,ddd. J - 9.5, 2.0, 1.3 Hz,
4-H), 5.35 (1H. ddd. J = 16.5, 2.0, 1.0 Hz, 4H), 5.79 (1H,
ddd, J = 16.5, 9.5, 6.0 Hz. 3-H);, mass spectrum: m/e, 130
(M*). (Found: C, 55.16; H. 7.73. Calc for C,H,;0,: C, 55.37;
H. 7.75%,).

Methy! 2-methyl-3-butenoate (S). A Reformatsky reaction
analogous to onc used for the ethyl ester'’ gave a 60°, yield
of the methyl denvative, b.p. 117759 mm; IR v, (film)
1738, 1643, 1460, 1437, 1253, 1202 and 1162cm ', NMR
(CDCly) 8 1.26 (3H. d. J - 7.0Hz. 2-CH,), 2.94 3.29 (IH,
m, 2-H), 3.64 (3H. s, 1-OCH,), 493 5.19 (2H, m, 4 H) and
S.85 (IH, ddd. J. 17.0, 10.0, 7.0 Hz, 3-H); mass spectrum:
m'e 114 (M *). (Found: C, 62.95. H. 8.99. Calc for C,H,,0;:
C: 63.13; H, 8.83%).
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Preparation of vinylketene acetals

General procedure. To a soln of LDA (105 mmols) in dry
THF (100 mL) prepared in the usual way, then cooled to
— 78", was added the unsaturated ester (100 mmols) over a
period of 30min. After 30-60 min, chlorotrimethylsilane
(1Sml.; ~ 120 mmols) in THF (10-25 mL) was introduced
at the same temp and the medium allowed to reach room
temp slowly (~1)h). The solvent was then cvaporated
under vacuum, replaced by pentane, filtered and concen-
trated. Distillation of the residuc gave the corresponding
diene.

1-Methoxy-1-trimethylsiloxy-1,3-butadiene (6). The fore-
going procedure applied to 3 gave diene 6 (687,), b.p.
32 35 :0.6mm; IR v, (film) 1655, 1605, 1260, 1220, and
850cm '; NMR (CDCl,) §0.20, 0.24 (25, 1-OTMS), 3.44 (s,
1-OCH,), 4.11-4.80 (m, 2, 4-H) and 6.05 6.52 (m, 3-H).
(Found: ., 55.83; H. 9.15; Si, 16.22. Calc for C,H O, Si:
C, 55.76; H. 9.36. Si, 16.30°,).

1. 3-Dimethoxy-\-trimethylsiloxy -1, 3-butadiene (7). En-
olsilylation of 1 gave a 64°, yild of the acetal 7. b.p.
54 /0.5mm; IR v, (film) 1660, 1270, 1255 and 845cm '
NMR (CDCl,) 8 0.24 (9H, s, 1-OTMS), 3.54 and 3.55
(2 x 3H.2s, 1. 3-OCH,), 3.98 (1H,dd. J = 1.5, 1. 5Hz. 4-H),
403 (1H,d. J=1,5Hz. 4H)and 433 (1H, d. J - 1. SHz,
2-H). (Found: C, §3.22; H, 9.09; Si. 14.02. Calc for
CH,,0,81: C, 53.43; H, 8.96; S1, 13.88°,).

t-Methoxy-3-methyl-|-trimethylsiloxy-1, 3-butadiene (8).
Preparation of dienc 8 from 2 was carried out in 71°, ykld,
b.p. 35 ‘0.4 mm; IR v, (film) 1663, 1620, 1445, 1375 and
1260cm '; NMR (CDCly) é 0.21 (9H, s, 1-OTMS), 191
(3H, m, 3-CH,). 3.51 3H, s, 1-OCH,), 4.24 (1H, brs, 2-H),
4.50 (1H, m, 4-H) and 4.74 (1H, m, 4-H). (Found: C, 58.17;
H. 9.76; Si, 14.89. Calc for C,H,,0,Si: C, 58.02; H, 9.74; Si,
15.07°)).

1, 2-Dimethoxy -\-trimethylsiloxy -1, 3-butadiene (9). Dr-
enc 9 was prepared as a mixture of isomers in 63%, yield
from 4, b.p. 36°;0.3mm; IR v_,, (film) 1655, 1240, 1110, 865
and 845cm ', NMR (CDCl,) 6 0.26 and 0.28 (2s, 1-OTMS),
3.52,3.57,3.58 and 3.73 (4s, 1, 2-OCH,), 4.72-4.95 (m, 4-H),
5.09 and 5.15 (2dd. J =17.0, 2.0 He, 4-H), 6.34 and 6.46
(2dd. J - 17.0, 11.0 and 16.5, 11.0 Hz, 3-H).

1-Methoxy -2-methyl-1-trimethylsiloxy -1, 3-butadiene (10).
The diene was obtained from § in a somewhat impure state
(38°,) as a 4:1 mixture of isomers, b.p. 58°:10 mm; IR v,,,
(film) 1655, 1289, 1251, 1171, 1125, 860 and 845cm '
NMR (CDCl,) 6 0.14 (s, 1-OTMS), 1.63 (s, 2-CH,), 3.46 (s,
1-OMe), 4.63 (dd, J = 10.0, 1.SHz, 4-H), 4.70(dd, J = 17.0,
1.5Hz. 4-H) and 642 (dd. J—17.0, 10.0Hz 3-H) and
~0.14 (s, 1-OTMS), ~ 1.63 (s. 2-CH,), ~3.46 (s, 1-OMc).
497 (dd. J =100, 1.5Hz 4H). 5.19(dd. ] =170, 1.S5Hz,
4-H) and 6.58 (dd, J = 17.0, 10.0 Hz, 3-H).

Reactions of dienes with haloguinones

Method A. To a mixture of the haloquinone (1 mmol) in
dry benzene (2mLl) was added (~ 1 min) the dicne
(1.2 2.0 mmol) in the same solvent (1 mL.). The reaction was
monitored by TLC and additional dienc added as required.
The mixture was adsorbed on silica gel (~60g) and sep-
arated by clution with CCl, and:or a mixture of benzene and
CCl, (1:1).

Method B. A soln of the diene (1 mmol) in dry THF
(2 ml.) was added dropwisc to the haloquinone (1 mmol) in
the same solvent (9 mL) at — 30" The mixture was stirred
for 30 min, then allowed to warm to ambient temp ( ~ | hr)
and cvaporated. The crude product was treated as above
using benzene as cluent.

Method C. The reaction was conducted as for method A
in THF (1-2mLlL) at room temp.

Method D. The quinone (| mmol) was added to the diene
(2 mmol) without solvent at room temp. Upon ascertaining
that the reaction was compiete, the mixture was adsorbed on
silica gel and cluted with benzene.

3-Chloro-S-hydroxy-1-methoxynaphithoquinone (17a) and
tts S-methyl ether 1Tb. The condensation of 11 and dienc 7
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(method B), after chromatography (CH,Cl,—pentane 1:1),
gave 17a (93%), identical to a previously prepared sample,
m.p. 177° (ligroin) (lit."* m.p. 177-178°); IR v, (KBr)
1657, 1633, 1593 and 1263 cm~'; UV 4, (EtOH) 271, 287
(sh) and 434 nm (log € 3.54, 3.40 and 3.09); mass spectrum:
m/e 238/240 (M*). Elution with a 10: 1 mixture of benzene
and EtOAc provided 17b (6%), also identical to an authentic
sample, m.p. 205-207° (lit. '** 208-209°); IR v,,,, (KBr) 1660,
1610, 1590, 1330 and 1210cm~!; UV 4,,, (EtOH) 267, 293
and 360 nm (log ¢ 4.04, 4.03 and 3.52); mass spectrum: m/e
252/254 (M*).

3-Chloro-5-hydroxy-1-methylnaphthoquinone (18a) and
the 5-methyl ether 18b. Chromatography (benzene) of the
mixture obtained from an analogous reaction {(method B)
between 11 and diene 8 afforded 18a (76%), m.p. 190-191°
(petroleum ether, b.p. 65-110°) (lit." m.p. 193-194°); IR v,
(KBr) 1661, 1640, 1595 and 1263 cm~'; UV 4, (EtOH) 254,
263, 277, 369 and 428 nm (log ¢ 3.87, 3.91, 4.01, 2.78 and
3.52); NMR (CDCl,) é 2.44 (3H, s, 7-CH,), 7.10 (1H, d,
J=1.0Hz, 6-H), 7.16 (1H, s, 2-H), 7.46 (1H, d, J = 1.0 Hz,
8-H) and 11.64 (1H, s, 5-OH); mass spectrum: m/e 222/224
(M*). (Found: C, 59.40; H, 3.23; Cl, 15.64. Calc for
C H,ClO;: C, 59.34; H, 3.17; Cl, 15.93%).

A second zone (benzene-EtOAc 10:1) consisted of 18b
(14%), m.p. 174.5-175.5° (petroleum ether, b.p. 90-120°);
IR v,,, (KBr) 1678, 1660, 1600 and 1335cm~'; UV A,
(EtOH) 254, 265, 273, 340 and 410 nm (log € 3.97, 3.99, 4.00,
2.91 and 3.44); NMR (CDCl,) é 2.48 (3H, s, 7-CH,), 4.00
(3H, s, 5-OCH,), 7.11 (2H, brs, 2, 6-H) and 7.54 (1H, d,
J = 1.0Hz, 8-H); mass spectrum: m/e 236/238 (M ™).

2-Chloro-5-hydroxy-71-methoxynaphthoquinone (198) and its
S-methyl ether 19b

(a) Reactions between 12 and diene 7 (method A) gave
mixtures containing the ketonized adduct 19¢ (15%;) which
could be isolated by precipitating it from a benzene solution
by careful addition of petroleum ether, m.p. 150° (dec); IR
Vmax (KBr) 1700, 1665, 1608, 1595, 1390, 1210 and 1184
cm~!; NMR (CD,Cl,) § 3.07 (1H, ddd, J = 18.0, 4.8, 1.5 Hz,
8-H), 3.27 (1H, dd, J=18.0, 2.7 Hz, 8-H), 3.62 (1H, dd,
J =438, 2.7Hz, 8a-H), 3.77 3H, s, 7-OCH,), 5.32 (1H, d,
J = 1.5Hz, 6-H) and 7.21 (1H, s, 3-H); mass spectrum: m /e
274/276 (M*). Concentration of the filtrate and purification
by chromatography (benzene-EtOAc 50: 1) gave 19a (427,),
m.p. 162-163° (benzene-petroleum ether, b.p. 90-120°); IR
Voax (KBr) 1683, 1630, 1603, 1578 and 1275cm™!; UV 4,,,
(EtOH) 270, 286 and 438 nm (log ¢ 4.04, 3.86 and 3.60);
NMR (CDCly) é 3.63 (3H, s, 7-OCH,), 6.73 (1H, d,
J=2.0Hz, 6-H), 7.17 (1H, s, 3-H), 7.27 (1H, d, = 2.0Hz,
8-H) and 12.08 (1H, s, 5-OH); mass spectrum: m/e 238/240
(M*).

(b) The crude product from a similar reaction was treated
with excess Mel-Ag,0 and after chromatography
(benzene-EtOAc 10:1) yielded 19b (20%), m.p. 185-187°
(lit."™ m.p. 187.5-188.5°) identical to a previously prepared
sample; IR v, (KBr) 1675, 1650, 1612, 1590, 1552 and
1263 cm~1; UV A, (EtOH) 270, 285 and 424 nm (log € 3.99,
3.81 and 3.44); mass spectrum: m/e 252/254 (M*).

2-Chloro-5-hydroxy-1-methylnaphthoquinone (208) and its
S-methyl ether 20b

(a) Compound C 20a is the only product obtained from a
reaction of 12 with diene 8 (method A), after separation by
chromatography (benzene-EtOAc 50:1) (55%), m.p. 121-
122° (EtOH) (lit." m.p. 105°); IR v, (KBr) 1678, 1633,
1370 and 1260cm™~'; UV 1., (EtOH) 254, 262, 278 and
434 nm (log € 3.95, 3.96, 4.06 and 3.63); NMR (CDCl,) é
2.42 (3H, s, 7-CH,), 7.06 (1H, brs, 6-H), 7.13 (1H, s, 3-H),
7.48 (1H, brs, 8-H) and 11.71 (1H, s, 5-OH); mass spectrum:
mje 222/224 (M*). (Found: C, 59.48; H, 3.23; Cl, 16.04.
Calc for C,,H,ClO;: C, 59.35; H, 3.17; Cl, 15.95%).

(b) In a similar experiment (method B), chromatography
gave 20a (33%) and 20b (9%), m.p. 149-150° (benzene-
petroleum ether, b.p. 90-120°); IR v, (KBr) 1682, 1650,
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1595, 1467 and 1260cm~'; UV A, (EtOH) 233, 277, 348
and 402 nm (log € 4.15, 3.93, 3.33 and 3.34); NMR (CDCl,)
& 2.52 (3H, s, 7-CH,), 4.04 (3H, s, 5-OCH,), 7.12 (1H, s,
3-H), 7.17 (1H, brs, 6-H) and 7.68 (1H, brs, 8-H); mass
spectrum: m/e 236/238 (M*).

5-Hydroxy-3-methoxy -1-methylnaphthoquinone (21a).
Cycloaddition of diene 8 to 13 (method B) after aro-
matization and separation by chromatography (CHCI,),
provided 21a (25%), m.p. 210-211° (petroleum ether, b.p.
90-120°) (1it.”® m.p. 209°); IR v, (KBr) 1650, 1612, 1598,
1370, 1240 and 1222cm~"; UV A, (EtOH) 246, 289, 369
and 412 nm (log ¢ 4.68, 4.30, 3.26 and 3.75); NMR (CDCl,)
6 2.43 (3H, brs, 7-Me), 3.90 (3H, s, 3-OCH,), 6.12 (1H, s,
2-H), 7.05 (1H, m, 6-H), 7.45 (1H, m, 8-H) and 11.77 (I1H,
s, 5-OH); mass spectrum: m/e 218 (M*). (Found: C, 66.20;
H, 4.71. Calc for C,H,,0,: C, 66.05; H, 4.62%,).

5-Hydroxy-2, 7-dimethoxynaphthoquinone (22a). An anal-
ogous reaction using 14 and diene 7 (method A), after
chromatography (toluene) gave 22a (20%), m.p.
262.5-263.5° (EtOH) (lit.?' m.p. 264-266°); IR v_,. (KBr)
1684, 1623, 1591, 1383 and 1240 cm~; UV 4, (EtOH) 262,
304 and 434 nm (log ¢ 3.93, 3.75 and 3.33); NMR (TFA) ¢
4.02 (6H, s, 2, 7-OCH3), 6.43 (I1H, s, 3-H), 6.90 (1H, d, J
= 2.0 Hz, 6-H) and 7.50 (1H, d, J = 2.0 Hz, 8-H); mass
spectrum: m/e 234 (M*).

Methylation of 22a (CH,I-Ag,0) gave 22b identical to an
authentic sample.'*

5-Hydroxy-2, 3, T-trimethoxynaphthoquinone (23a). The
reaction between 15 and diene 7 (method C) gave 23a (86%;)
after chromatography (benzene-CCl, 1:1), m.p. 109-110°
(benzene-petroleum ether, b.p. 30-80°); IR v,,,, (KBr) 1670,
1630, 1605 and 1590cm~'; UV 4, (EtOH) 266, 312 and
430 nm (log ¢ 3.66, 3.48 and 3.04); NMR (CDCl,) é 3.81,
3.99 and 4.03 (3 x 3H, 3s, 2, 3, 7-OCH,), 6.44 (1H, d,
J=2.5Hz, 6-H), 7.02 (1H, d, J=2.5Hz, 8-H) and 11.97
(1H, s, 5-OH); mass spectrum: m/e 264 (M*). (Found: C,
59.27; H, 4.87. Calc for C,;H,,04 C, 59.09; H, 4.58%).

3-Chloro-5-hydroxy -6-methoxynaphthoquinone (24a).
Compound 24a was obtained from 11 and diene 9 (method
A) after chromatography (benzene—CCl, 1:1) in 819 yield,
m.p. 210-211° (benzene-petroleum ether, b.p. 30-80°); IR
Voax (KBr) 1653, 1642, 1590, 1448 and 1262cm ™! UV Ay,
(EtOH) 273, 343 and 462 nm (log ¢ 4.10, 2.02 and 3.61);
NMR (CDCly) § 404 (3H, s, 6-OCH,), 7.16 (I1H, d,
J=9.0Hz, 7-H), 7.21 (1H, s, 2-H), 7.70 (1H, d, J = 9.0 Hz,
8-H) and 12.16 (1H, s, 5-OH); mass spectrum: m/e 238/240
(M*). (Found: C, 55.67; H, 3.08; Cl, 15.09. Calc for
C,H,ClO;: C, 55.37; H, 2.96; Cl, 14.867,).

3-Chloro-5-hydroxy-6-methylnaphthoquinone (25a) and its
5-methyl ether 25b.

The condensation of 11 and diene 10 (method C) gave
23% of the desired 25a after chromatography (CCl,), m.p.
157-158° (EtOH); IR v,,, (KBr) 1650, 1630, 1585 and
1243 cm~'; UV A,,, (EtOH) 277 and 436 nm (log € 4.05 and
3.63); NMR (CDCl) é 2.38 (3H, s, 6-CH,), 7.23 (1H, s,
2-H), 7.60 (2H, s, 7, 8-H) and 12.11 (1H, s, 5-OH); mass
spectrum: m/e 222/224 (M*). (Found: C, 59.55; H, 3.13; Cl,
16.09. Calc for C,;H;ClO,: C, 59.35; H, 3.17; Cl, 15.93%).

Methylation (Mel-Ag,0) of the foregoing compound
gave the 25b, m.p. 144-145° after chromatography
(benzene-EtOAc 5:1); IR v,,, (KBr) 1677, 1662, 1607, 1572,
1290, 1262 and 1245cm~"; UV 4_,, (EtOH) 254, 272, 346
and 371 nm (log € 4.11, 4.03, 3.49 and 3.42); NMR (60 MHz;
CDCly) 6 2.43 (3H, s, 6-CH3), 3.90 (3H, s, 5-OCH,), 7.18
(1H, s, 2-H) and 7.74 (2H, dd, 4v =20.5Hz, J=8.0Hz, 7,
8-H).

2-Chloro-5-hydroxy-6-methoxynaphthoquinone (26a).
Chromatography (benzene-CCl, 1:1) of the crude product
obtained from 12 and diene 9 (method A) gave 26a (47%),
m.p. 211-212° (benzene-hexane); IR v, (KBr) 1663, 1630,
1580, 1272 and 1248cm~'; UV 4., (EtOH) 274, 285 (sh)
and 456 nm (log € 3.96, 3.86 and 3.52); NMR (CDCl,) é 4.04
(3H, s, 66OCH;), 7.14 (1H, d, J = 8.0 Hz, 7-H), 7.22 (1H, s,
3-H), 7.82 (1H, d, J = 8.0 Hz, 8-H), and 12.18 (1H, 5, 5-OH),
mass spectrum: m/e 238/240 (M*). (Found:C, 55.68; H,
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3.09; Cl, 14.92." Cake for C,,H,Cl0,: C, 55.37; H. 2.96; C),
14.862).

2-Chloro-5-hydroxy -6-methylnaphthoquinone (278) and its
S-methyl ether ZTh

(a) An analogous reaction between 12 and dienc 10
(method A) gave the required 27a (329)), after punfication
by chromatography (benzene), m.p. 159.5-160.5° (petro-
leum ether, b.p. 90-120°) (lit. 2 m.p. 158-159°), found to be
wdentical to an authentic sample; IR v, (KBr) 1670, 1630,
1585, 1425 and 1250 cm ', UV i, (EtOH) 278 and 438 nm
(log¢ 4.04 and 3.66); NMR (CDCl)) & 2.39 (3H, brs,
6-CH,), 7.20 (1H, s, 3-H), 7.43 (1H, brd, J = 8.0 Hz, 7-H),
7.56 (1H.d,J = 8.0 Hz, 8-H) and 12.20 (1H. s. 5-OH). mass
spectrum: m/e 222/224 (M*).

(b) Methylation of the crude product with Mel and Ag,0
gave 27b, m.p. 133.5-134.5" (ligroin); IR v, (KBr) 1669,
1651, 1605, 1569, 1280, 1260 and 1240cm ', UV 4,
(EtOH) 252, 274, 290 (sh) and 348 nm (log ¢ 3.89, 3.77, 3.6)
and 3.31); NMR (60 MHz; CDCly) 6 2.43 (3H, s, 6-CH,),
3.88 (3H, s, 5-OCH,). 7.21 (1H. s, 3-H) and 7.79 (2H, dd,
4v =29.5Hz, ] =8.0Hz, 7, 8-H).

S-Hydroxy-6-methoxy -2-methylnaphthoquinone (28a).
Punfication of the mixture (CCl,) obtained from 16 and
diene 9 (mecthod B) gave 28a (13%), m.p. 173.0-173.5°
(EtOH) (lit.® m.p. 172-173); IR v, (KBr) 1665, 1635,
1600 and 1254cm '; UV 4, (EtOH) 266 and 444 nm (log
¢ 4.02 and 3.54); NMR (CDCl,) 6 2.18 (3H. d, J = 1.0Hz,
2-CH;,), 4.00 (3H, s, 6-OCH,), 6.80 (1H, br s, 3-H), 7.04 (1H,
d.J=8.0Hz 7-H), 7.58 (1H, d, J =8.0 Hz, 8-H) and 12.52
(1H, s, 5-OH); mass spectrum: m/e 218 (M*).

Methylation of this compound (Mel-Ag,0) gave 28%
(77%). m.p. 181 183° (lit.® m.p. 184°); IR v, (KBr) 1655,
1625, 1572 and 1260 cm ', UV i, (E1OH) 260 and 392 nm
(log ¢ 4.32 and 3.59); NMR (60 MHz; CDCl,) 6 2.15 (3H,
d, J=20 Hz, 2-CH,), 392 and 398 (2x 3H, 2s, S,
6-OCH,), 6.73 (1H, m, 3-H), 7.20 (1H, d. J = 8.0 Hz, 7-H)
and 7.98 (IH, d, J =8.0Hz 8-H).

1-Hydroxy-3-methoxyanthraquinone (35a). A reaction in-
volving 29 and 7 (method D) after chromatography (ben-
zene) gave the desired 38a (99°;), m.p. 193 194° (lit.* m.p.
193-194°), indistinguishable with an authentic sample; IR
Veus (KBr) 1685, 1645, 1605 and 1293 cm ', UV 4, (E(OH)
240, 243 (sh). 266 (sh), 280 and 408 nm (log ¢ 4.14, 4.12,
4.00, 4.08 and 3.52); NMR (CDCl,) 5 3.78 (3H, s, 3-OCH,),
605 (1H.d, J = 25Hz 2-H), 7.14 (1H, d. J = 2.5 Hz, 4 H),
7.52 (2H. m, 6, 7-H), 8.00 (2H, m, S, 8-H) and 12.64 (1H,
s, 1-OH); mass spectrum: mje 254 (M*).

I, 8-Dihydroxy-3-methoxyanthraguinone (36s). Cy-
cloaddition of diene 7 to 31 (mecthod C) after chro-
matography (hexane EtOAc acctate 5:1) gave 36a (53%).
m.p. 183-184" (ligroin -benzenc 4:1) (lit.”* m.p. 180°); IR
Ve, (KBr) 1673, 1627, 1610, 1576, 1278 and 1225cm '; UV
Ao, (EtOH) 245, 265, 284, and 432 nm (log ¢ 4.16,4.19, 4.18
and 4.04); NMR (CDCl,) 4 3.95 (3H. s, 3-OCH,), 6.75 (1H.
d.J - 25 Hz, 2-H). 7.33 (1 H. dd. J = 8.0, 1.5 Hz. 7-H).
742 (1H.d. J = 2.5 Hz, 4-H). 7.67 (1H. dd. ) = 7.0. 8.0
Hz, 6-H). 7.86 (1H.dd.J = 7.0. 1.5 Hz, 5-H), 12.32 (1H. s,
1-OH) and 12.40 (1H, s, 8-OH). mass spectrum: m/e 270
(M*). (Found: C, 66.83. H, 3.90. Calc for C,3H,,04: C 66.66;
H. 3.73%).

Mecthylation of this compound (Mel-Ag,0) afforded 36b.
m.p. 195 196" (lit.™ m.p. 194.5-195.0°) identical to a pre-
viously prepared sample.

1-Hydroxy-3-methylanthraquinone (Pachybasin) (37a) and
its |-methyl ether 3Th. An analogous reaction between 29
and dienc 8 (method C) after chromatography
(CCl,-benzene 1:1) gave pachybasin (92%), m.p. 174-175°
(MeOH) (Iit.” m.p. 176-177°); IR v.,, (KBr) 1668, 1636,
1590 and 1295 cm™'; UV A, (EtOH) 246, 254, 259, 282
(sh) and 400 nm (log ¢ 3.95, 3.97, 3.97, 3.66 and 3.38); NMR
(CDCly) 6 247 (3H. s, 3-CH,), 7.14 (1H, brs, 2-H), 7.68
(IH. brs, 4-H), 7.78 (2H, m, 6, 7-H), 8.26-8.40 2H, m, S,
8-H) and 12.59 (1H, s, 1-OH), mass spectrum: m/e 238
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{M"*). Continued clution with the same solvent gave 3T
(3%). m.p. 187-188° (lit.” m.p. 185-187°), indistinguishable
with an authentic sampie; IR v, (KBr) 1666, 1598, 1350
and 1285cm"'; UV i_,, (EtOH) 256, 326 and 388 nm (log
¢ 442, 3.44 and 3.70); NMR (CDCl,) é 247 (3H, brs,
3-CH,). 403 (3H, s. 1-OCH,). 7.12 (IH, brs, 2-H),
7.57-789 (3H, m, 4, 6, 7-H) and 8.06 8.37 (2H, m, S, 8-H);
mass spectrum: m/e 252 (M*).

1. S-Dihydroxy -3-methylanthraquinone (Ziganein) (38a).
Condensation of 30 and diene 8 (method A) after chro-
matography (benzene—-CCl, 1:1) gave 38a (55%), m.p.
226 227 (MeOH) (lit.® m.p. 227-228°); the IR spectrum of
which was superposable on that of the authentic matenal;
IR v, (KBr) 1622, 1582, 1382, 1335 and 1273cm ', UV
A, (EtOH) 254, 280, 290 and 430 nm (log ¢ 4.31, 3.99, 4.01
and 4.01); NMR (CDCl,) 6 2.45 (3H, s, 3-CH,), 7.08 (1H,
brs, 2-H), 7.22-7.72 (3H, m, 4, 6, 7-H). 7.79 (1H, dd,
J =75, 1.5Hz, 8-H), 12.56 and 12.62 (2H, 2s, 1, 5-OH).
mass spectrum: m/e 254 (M*).

1. 8-Dihydroxy -3-methylanthraquinone (Chrysophanol)
(¥92) and its |-methyl ether 39%. Reaction between 31 and
diene 8 (mecthod D)) gave chrysophanol (63%). m.p.
194 195" (petroleum ether, b.p. 90-120°) (it.® m.p.
195-196°); IR v,,, (KBr) 1673, 1625, 1605 and 1270cm ',
UV ), (EtOH) 256, 277, 287, and 430 nm (log ¢ 4.02, 3.72,
3.74 and 3.76); NMR (CDCl,) é 2.48 (3H, s, 3-CH,), 7.06
(IH, brs, 2-H). 7.29 (1H, dd, J =175, 1.5Hz, 7-H).
7.56-7.78 (2H, m, 4, 6-H), 7.83 (IH. dd, ] =8.0, 1.5Hz,
S-H).and 12.00 and 12.11 (2H. 2s, 1, 8-OH); mass spectrum:
mie 254 (M*).

A sccond zone was separated by chromatography
(benzene EtOAc 50:1) and gave methyl 3-methyl4-(3-
chloro-5-hydroxynaphthoquinonyl-2}-2-butenoate ( < 1)),
m.p. 132 133 (petroleum ether, b.p. 90-120") (method B
gave a 14, yield of this compound along with 22°. of
chrysophanol); IR v, (KBr) 1717, 1661, 1632, 1603 and
1213cm ', NMR (CDCly) é 2.28 (3H, brs, 3-CH,), 3.67
(5H, s, 1-OCH, and 4-H), 5.61 (1H, m, 2-H), 7.33 (1H. m,
6-H), 7.70 (2H, m, 7, 8-H) and 11.73 (1H, s, 5-OH). mass
spectrum: m/e 320/322 (M*).

A slower moving band consisted of 39 (4%), m.p.
199 200" (petroleum cther, b.p. 90-1207) (ht.® mp.
198 200°); IR v, (KBr) 1670, 1626, 1602 and 1256cm ',
UV 4, (EtOH) 258, 275 (sh), 283 and 414 nm (log ¢ 3.96,
3.75, 3.70 and 3.64); NMR (CDCl,) 8 2.52 (3H, br s, 3-CH,).
4.09 (3H, s, 1-OCH,). 7.18 (1H, brs, 2-H), 7.32 (IH, dd,
J-8.0, 20Hz 7-H). 7.64 (IH, ~t, J = 8.0, 8.0Hz, 6-H),
781 (1H,dd. J = 8.0, 20Hz, 5H), 7.82 (1H, brs, 4H) and
13.09 (1H. s, 8-OH).

|-Hydroxy-8-methoxy -3-methylanthraquinone  (Chryso-
phanol 8-methyl ether ) (39¢) and chrysophanol dimethyl ether
(3%). A similar reaction between 32 and diene 8 (method A)
gave ¥c (50°,). m.p. 192-193° (benzene-ligroin) (lit.” m.p.
195°); IR v, (KBr) 1675, 1635, 1580, 1445, 1275 and
1245cm ', UV 4., (EtOH) 262 and 400 nm (log ¢ 4.06 and
3.63). NMR (CDCl,) 4 2.47 (3H, s, 3-CH,), 4.12 (3H, s,
8-OCH,), 7.14 (1H, brs, 2-H), 740 (1H, dd. J = 8.5, | SHz,
7-H), 7.64 (1H, brs, 4-H), 7.78 (1H, dd, J = 8.5, 8.0 Hz,
6-H). 8.02 (1H, dd, J = 8.0, 1.5 Hz, 5-H) and 12.98 (1H, s,
1-OH); mass spectrum: mje 268 (M *).

A second band afforded 394 (44°). m.p. 196.0-196.5°
(benzene-petroleum cther, b.p. 30-80%) (lit.” m.p. 190°); IR
Vous (KBr) 1670, 1601, 1575, 1280 and 1230cm ", UV i,
(EtOH) 257 and 39%4nm (log ¢ 4.24 and 3.75); NMR
(CDC,) 6 2.50 (3H, brs, 3-CH,), 4.04 and 4.05 (2 x 3H, 2s,
1, 8-OCH,), 7.14 (IH, brs, 2-H), 7.33 (lH, dd, J =80,
20Hz, 7-H), 7.67 (1H, dd. J — 8.0, 7.5 Hz, 6-H), 7.71 (1H,
brs, 4-H) and 7.88 (1H, dd. J - 7.5, 2.0 Hz, 5-H); mass
spectrum: mje 282 (M*).

I, 4, B-Trihydroxy-6-methylanthraquinone (Helmin-
thosporin) (408) and its 8-methyl ether 40b. Condensation of
33 with dienc 8 (method A) gave 40a (85%,), m.p. 228-229
(pyndine) (lit.® m.p. 226-227"), identical with an authentic
sample; IR v, (KBr) 1597, 1570, 1450 and 1235cm ', UV
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Amax (EtOH) 254, 288, 294 (sh), 478, 488, 508 and 522 nm
(loge 3.84, 3.50, 3.49, 3.66, 3.69, 3.57 and 3.49); NMR
(CDCl3) 6 2.47 (3H, s, 6-CHs), 7.08 (1H, br s, 7-H), 7.22
(2H, s, 2, 3-H), 7.66 (1H, brs, 5-H) and 12.09, 12.28 and
12.96 (3 x 1H, 3s, 1, 4, 8-OH); mass spectrum: m/e 270
(M*).

CCl, eluted a slower moving zone consisting of 40b (10%,),
m.p. 275-276° (benzene—petroleum ether, b.p. 60-80°); IR
Vmax (KBr) 1622, 1596, 1450, 1309, 1210 and 1200 cm~%; UV
Amax (EtOH) 255, 476, 488 and 524 nm (log € 4.02, 3.84, 3.81
and 3.49); NMR (CDCl,) 2.54 (3H, s, 6-CH,), 4.09 (3H, s,
8-OCH,), 7.19(1H, brs, 7-H), 7.29 (2H, s, 2, 3-H), 7.88 (1H,
brs, 5-H), 12.89 and 13.33 (2 x 1H, 2s, 1, 4-OH); mass
spectrum: m/e 284 (M*).

1, 5-Dihydroxy-2-methylanthraquinone (Isoziganein) (41a)
and its 1-methyl ether 41b. An analogous reaction with 30
and diene 10 (method A) after purification by chro-
matography (benzene) gave 4la (33%), m.p. 189-190°
(MeOH) (lit.*> m.p. 194°); IR v, (KBr) 1625, 1608, 1568,
1451, 1315 and 1267cm~'; UV (EtOH) 255,
279, 289, 426 (sh) and 434 nm (loge 4.32, 3.93, 3.96, 3.98
and 3.99); NMR (CDCl,) é 2.41 (3H, s, 2-CH,), 7.33 (1H,
dd, J=8.0, 1.5 Hz, 6-H), 7.58 (1H, d, J = 7.5 Hz, 3-H), 7.71
(1H,dd, Y=17.0, 8.0 Hz, 7-H), 7.74 (1H, d, J = 7.5 Hz, 4-H),
7.87 (1H, dd, J = 7.0, 1.5 Hz, 8-H), 12.82 (1H, s, 1-OH) and
13.02 (1H, s, 5-OH); mass spectrum: m/e 254 (M*).

A second zone was separated by chromatography
(benzene-CCl, 1:1) and provided 41b (21%), m.p. 160-161°;
IR v, (KBr) 1672, 1635, 1578, 1450 and 1257 cm™!; UV
Amax (EtOH) 255, 280 and 402 nm (log ¢ 4.25, 3.83 and 3.68);
NMR (60 MHz; CDCI;) é 2.43 (3H, s, 2-CH,), 3.93 (3H, s,
1-OCH,), 7.25(1H, dd, J = 2.5, 7.0 Hz, 6-H), 7.53-7.90 (3H,
m, 3, 7, 8-H), 8.08 (1H, d, J =8.0Hz, 4-H) and 12.60 (1H,
s, 5-OH).

1, 8-Dihydroxy-2-methylanthraquinone (Isochrysophanol)
(42a) and its 1-methyl ether 42b. A reaction between 31 and
diene 10 (method A) gave 42a (36%;), m.p. 174.0-174.5°
(benzene-petroleum ether, b.p. 30-80°) (lit.*® m.p. 174-175°),
indistinguishable with an authentic sample; IR v, (KBr)
1672, 1622, 1595, 1465 and 1428 cm~'; UV 4_,, (EtOH) 256,
287 and 432 nm (log ¢ 4.35, 3.99 and 4.05); NMR (CDCl,)
é 2.37 (3H, s, 2-CH,), 7.28 (1H, dd, J =8.0, 2.0 Hz, 7-H),
7.52 (1H, brd, J=7.5Hz, 3-H), 7.67 (IH, dd, =10,
8.0Hz, 6-H), 7.73 (1H, d, J =7.5Hz, 4-H), 7.82 (1H, dd,
J=17.0, 2.0 Hz, 5-H), 12.08 (1H, s, 1-OH) and 12.37 (1H, s,
8-OH); mass spectrum: m/e 254 (M ™).

Elution with benzene gave 42b (12%), m.p. 154-156°
(petroleum ether, b.p. 80~110°); IR v,,, (KBr) 1670, 1634,
1472 and 1251 cm™'; UV 4_,, (EtOH) 257, 282 and 400 nm
(loge 4.31, 3.76 and 3.88); NMR (CDCl;) 4 2.45 (3H, s,
2-CH,), 3.96 (3H, s, 1-OCH,), 7.31 (IH, dd, J = 8.0, 1.7 Hz,
7-H), 7.66 (1H, d, J = 7.7 Hz, 3-H), 7.66 (1H, dd, J =17.0,
8.0Hz, 6-H), 7.82 (1H, dd, J=17.0, 1.7 Hz, 5-H), 8.08 (1H,
d, } = 7.7Hz, 4-H) and 12.96 (1H, s, 8-OH); mass spectrum:
mje 268 (M™).

1-Hydroxy-2-methoxyanthraquinone (Alizarin 2-methyl
ether) (43a) and alizarin dimethyl ether 43b. Condensation of
29 and diene 9 (method A) followed by chromatography
(benzene then benzene-EtOAc 5:1) gave 43a (75%,), m.p.
232-233° (benzene-petroleum ether, b.p. 90-120°) (lit.>*
m.p. 231°); IR v, (KBr) 1665, 1637, 1590, 1457 and
1368 cm~'; UV A, (EtOH) 247, 277, 376 and 424 nm (log ¢
4.37, 4.02, 3.36 and 3.69); NMR (CDCl,;) é 4.07 3H, s,
2-OCH;), 7.22 (I1H, d, J =9.0 Hz, 3-H), 7.77-7.94 3H, m,
4,6,7-H), 8.24-8.41 (2H, m, 5, 8-H) and 12.91 (1H, 5, 1-OH);
mass spectrum: m/e 254 (M*).

A second zone consisted of 43b (3%;), m.p. 200-203°
(benzene—petroleum ether, b.p. 90-120°) (lit.* m.p. 208°);
IR v, (KBr) 1669, 1570, 1333 and 1267cm~"; UV A,
(EtOH) 249, 263 and 385nm (log ¢ 4.20, 4.14 and 3.47);
mass spectrum: m/e 268 (M*).

1,5-Dihydroxy-2-methoxy-6-methylanthraquinone (Mor-
indone 6-methyl ether) (44a) and its 1-methyl ether 44b.
Purification by chromatography (benzeng) of the mixture
obtained from 27a and the diene 9 (method A) gave 44a
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(63%), m.p. 252-253° (benzene-petroleum ether, b.p.
30-80°) (lit.* m.p. 248°); IR v, (KBr) 1620, 1580, 1375 and
1250 cm~"; UV A_,, (EtOH) 260, 290, 299 and 444 nm
(log € 4.38, 3.93, 3.97 and 3.99); NMR (60 MHz; TFA) é
2.38 (3H, s, 6-CH;) and 4.08 (3H, s, 2-OCH,); mass spec-
trum: m/e 284 (M+).

Continuing to elute with benzene-EtOAc 10:1 provides
44b (10%), m.p. 238.5-239.5° (petroleum ether, b.p.
65-110°); IR v, (KBr) 1670, 1625, 1570, 1485 and
1264 cm~"; UV A, (EtOH) 267, 292, and 410 nm (loge
4.33, 4.07 and 3.94); NMR (CDCl;) é 2.39 (3H, s, 6-CH3),
4.02 and 4.04 (2 x 3H, 2s, 1, 2-OCH,) and 13.03 (1H, s,
5-OH); mass spectrum: m/e 298 (M™*).

Methylation (Mel-Ag,0) of the principal product 44a
gave the 44c (quant.), m.p. 235-236° (acetone) (lit.* m.p.
237-238°); IR v,,, (KBr) 1668, 1570, 1330 and 1268 cm~";

UV A,,, (EtOH) 255, 267 (sh), 287 (sh) and 362 nm (log €

4.32, 429, 4.10 and 3.76); NMR (CDCl,) é 2.44 (3H, s,
6-CH,), 3.96 (3H, s, 2-OCH,), 4.03 (6H, s, 1, 5-OCH,), 7.27
(1H, d, J = 8.5Hz, 3-H), 7.57 (1H, d, J = 7.5 Hz, 7-H), 7.99
(1H, d, J =7.5Hz, 8-H) and 8.11 (1H, d, J =8.5Hz, 4-H);
mass spectrum: m/e 312 (M*).

1-Hydroxy-2-methylanthraquinone (45a) and its methyl
ether 45b. The crude product from a reaction between 29
and diene 10 (method A) was separated by chromatography
(benzene-CCl, 1:1) giving 45a (56%), m.p. 182.0-182.5°
(benzene—petroleum ether, b.p. 90-120°) (lit.¥’ m.p.
180-182°); IR v, (KBr) 1672, 1635, 1592, 1360 and
1295em~Y; UV 4, (EtOH) 253 and 408 nm (log ¢ 4.17 and
3.52); mass spectrum: m/e 238 (M*).

Elution with benzene-EtOAc 10:1 gave 45b (219/), m.p.
164-165° (petroleum ether, b.p. 65-110°) (lit.¥ m.p.
166.5-167.0°); IR v, (KBr) 1670, 1569, 1327, 1318, 1273,
1261 and 705 cm~'; UV 4,,, (EtOH) 255 and 352 nm (loge
4.41 and 3.52); mass spectrum: m/e 252 (M*).

5-Hydroxy-1, 2, 3-trimethoxy-6-methylanthraquinone
(Copareolatin 5, 6, T-trimethyl ether) (468) and the tetra-
methyl ether 46b. Anthraquinone 46a was obtained (41%)
from 34! and diene 10 (method A) after chromatography
(benzene-EtOAc 50:1), m.p. 178.0-178.5° (benzene—
petroleum ether, b.p. 90-120°); IR v,,,, (KBr) 1660, 1640,
1570, 1359 and 1132cm~}; UV 4., (EtOH) 276 and 408 nm
(log ¢ 4.42 and 3.80); NMR (CDCl;) é 2.37 (3H, brs,
6-CH,), 4.02 and 4.04 (2 x 3H, 2s, 2, 3-OCH,), 4.16 (3H, s,
1-OCH,), 7.53 (1H, brd, J = 8.0 Hz, 7-H), 7.73 (1H, s, 4-H),
7.73 (1H, d, J = 8.0 Hz, 8-H) and 12.82 (1H, s, 5-OH); mass
spectrum: m/fe 328 (M*).

A second zone (benzene-EtOAc 10:1) consisted of the
permethylated deriv 46b (14%), m.p. 182.5-183.0°
(benzene-petroleum ether, b.p. 65-110°) (lit.! m.p.
181-182°) identical to a sample obtained earlier; IR v,
(KBr) 1668, 1570, 1335, 1320 and 1288cm~!; UV A,
(EtOH) 276 and 360nm (log ¢ 442 and 3.71); NMR
(CDCl,) 6 2.44 (3H, s, 6-CH,), 3.96, 4.03, 4.04 and 4.08
(4 x 3H, 4s, 1, 2, 3, 5-OCH,), 7.61 (1H, d, J = 7.5 Hz, 7-H),
7.71 (1H, s, 4-H) and 8.04 (1H, d, J = 7.5 Hz, 8-H); mass
spectrum: mje 342 (M™).

1, 8-Dihydroxy-3-methoxy-6-methylanthraquinone (Phys-
cion) (47a)

(a) Physcion 47a was obtained (68%;) from 17a and diene
8 (method C) eluting with benzene-CHCl; 1:1, m.p.
206.0-206.5° (benzene—petroleum ether, b.p. 90-120°) (lit.*
m.p. 206-207°); IR v,,,, (KBr) 1677, 1618, 1598, 1560, 1480
and 1155cm~!; UV A_,, (EtOH) 253, 265 and 434 nm (log ¢
3.93, 3.94 and 3.77); RMN (CDCl,) é 2.44 (3H, s, 6-CH,),
3.92 (3H, s, 3-OCH,), 6.62 (1H, d, J=2.0Hz, 2-H), 7.01
(1H, brs, 7-H), 7.29 (1H, d, J = 2.0 Hz, 4-H), 7.56 (1H, brs,
5-H), 12.00 and 12.20 (2 x 1H, 2s, 1, 8-OH); mass spectrum:
m/le 284 (M™).

A second zone was separated (benzene-EtOAc 50:1) and
gave methyl 3-methyl-4-{3-chloro-5-hydroxy-7-methoxy-
naphthoquinonyl-2]-2-butenoate (109;), m.p. 130-131°
{benzene-ligroin); IR v,,, (KBr) 1720, 1659, 1622, 1600,
1299, 1201 and 1142cm~'; UV _,, (EtOH) 268, 297 and
430 nm (log ¢ 4.08, 3.98 and 3.59); NMR (CDCl,) é 2.28
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(3H. brs, 3-Me), 3.66 (2H, brs, 4-H), 3.68 (3H, s, 1-OCH,),
3.94 (3H, s, 7-OCH,), 5.63 (IH, brs, 2-H), 6.71 (I1H. d,
J=20Hz 6-H), 7.24 (1H. d. J =2.0Hz, 8-H) and 11.98
(1H, s. 5’-OH); mass spectrum: m/e 350/352 (M *). (Found:
C. 58.47; H, 4.34; O, 10.09. Cak for C,;H,,C1O: C, 58.21;
H, 4.31; (1, 10.10%,). A slower moving fraction consisted of
47d (8°,).

(b) Naphthoquinone 18a and dienc 7 (method A) gave
the same 47a (72%) after chromatography (CCl,-benzene
1:1) and recrystallization (CHQ\,-EtOH).

A slower moving band gave the 47¢ (97,).

1-Hydroxy-3. 8-dimethoxy-6-methylanthraquinone (*'Em-
odin 1, 6-dimethyl ether™") (47¢). Cycloaddition of dience 7 to
180 (method A) after chromatography (benzene EtOAc
1:1) gave 47¢ (83%). m.p. 194-196° (EtOH-water) (lit.”
m.p. 193 1957). IR v, (KBr) 1690, 1631, 1598, 1335, 1264,
1243 and 1158cm ™', UV A, (EtOH) 252, 268, 283 and
424 nm (log ¢ 4.22, 4.24, 4.29 and 3.97); NMR (CDCl)) &
2.50 (3H, s, 6-CH,), 3.93 and 4.06 (2 x 3H, 2s, 3, 8-OCH,),
6.69(1H,d, J = 2.5Hz 2-H), 7.14 (1H, brs, 7-H), 7.29 (1H,
d, J = 2.5Hz, 4H), 7.74 (1H, brs, 5-H) and 13.33 (IH, s,
1-OH); mass spectrum: mje 298 (M*).

A slower moving product was identified as 47d (47,), m.p.
227-228° (lit.® m.p. 227-228%); IR v, (KBr) 1661, 1600,
1455 and 1318 cm ' UV 4i_,, (EtOH) 278 and 402 nm (log
¢ 4.27 and 3.73); mass spectrum: m/je 312 (M*).

8-Hydroxy-1, 3-dimethoxy-6-methylanthraquinone (" Em-
odin 6, 8-dimethy! ether'') (4T). A similar reaction between
17d and diene 8 (method A) gave 47% (79°.) after chro-
matography (benzene-EtOAc $:1). m.p. 211° (benzene-pe-
troleum cther, b.p. 30-80°) (lit.® m.p. 211°); IR v, (KBr)
1670, 1630, 1593, 1320 and 1263 cm ', UV 4, (FtOH) 271,
280 and 422 nm (log ¢ 4.20, 4.21 and 3.87); mass spectrum:
m:e 298 (M").

A second zone (2 6°,) was shown to be the abnormal
product 48 while a third band consisted of 47d (11%).

S-Hydroxy-1. 3-dimethoxy-T-methylanthraquinone (48).
Reaction of 190 and dienc 8 (mcthod A) gave 48 (93%) after
chromatography (benzene EtOAc 5:1), m.p. 229 230°
(benzenc-petrolcum ether, b.p. 30-80°); IR v, (KBr) 1657,
1639, 1613, 1587, 1362 and 1295cm ' UV 4i_,, (EtOH) 251,
277, 298 (sh) and 404 nm (log¢ 4.20, 4.39, 4.16 and 4.06);
NMR (CDCl,) § 2.48 (3H. s, 7-CH,), 4.03 and 4.05 (2 x 3H,
2s,1,3-OCH,), 6.84 (1H,d,J = 2.5 Hz, 2-H), 7.08 (1H, brs,
6-H), 7.52 (1H, d, J — 2.5 Hz, 4-H), 7.65 (1H, brs, 8-H) and
12.42 (1H, s, 5-OH). mass spectrum: mje 298 (M*).
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