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The Lewis acid-catalyzed reactions of anthrone with a varicty ol cthylenic substrates under various conditions
have been studied. 1t has been observed that depending on kinds of cthylenic substrates and catalysts, products
were varied. [n particular, the ZnCly-catalyzed reaction of anthrone with ¢, f~unsaturated cster gave bridged
compounds 3 (Diels-Alder adduct type) and mono-Michael adduct 4 exclusively, while the basc-catalyzed
reaction gave 10,10-bis-Michacl adduct as a major product independent of the amount ol cthylenic substrate
and basc. Bridged compounds 3 were casily converted 1o the corresponding mono-Michacl adduct 4 by a
catalytic amount ol base. Further Michael reaction of mono-Michacl adducts with different cthylenic substrates
in the presence ol a catalytic amount of alkoxide gave unsymmetrical 10,10-bis Michael adducts in good or

moderate yiclds.
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Anthrone 1 and anthracenol 2 are typical examples of
keto-enol isomerization in solution (eq. 1).' Anthracenolate
ion generated from the deprotonation of anthrone by base
leads to a consecutive double Michael reaction” which is
often observed with substrates containing active methylene
groups, such as indanone. fluorene, or acetophenone.” In
addition to the Michael reaction of anthrone, Diels-Alder
reactions of anthracenol 2 have been investigated in
conjunction with 9-substituted anthracenes.*
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Anthracene has been shown to have only modest activity
as a diene (HOMO energy, -8.12 eV). On the other hand, 9-
alkoxy-substituted anthracenes (— O-alkylated anthrone) and
anthracenol, which have higher HOMO energies {-8.07 and
-7.90 eV, respectively), can act as better dienes toward .3
unsaturated carbonyl compounds in the classical Diels-Alder
cycloaddition {the main MO interaction between HOMO of
a diene and LUMO of a dienophile).” Since the equilibrium
constant between the tautomers anthrone and anthracenol is
known to be strongly solvent-dependent (K., — 0.1 in MeOH.
107 in CHCls. and 1.5 in DMSQ),' the successful addition

of dienophile to anthrone to give a Diels-Alder adduct has
been limited. Reported attempts have involved the treatment
of anthrone with a highly reactive dienophile, such as
dimethyl acetylenedicarboxylate or maleic anhvdride in
boiling acetic acid.® On the other hand. anthracenolate ion
also acts as a highly reactive 1-oxido diene.” and has been
shown to exhibit high diene reactivity in Diels-Alder reactions.
For example, Meeks ¢r @f. reported that anthracenolate ion is
condensed with a poor dienophile, ethylene, to give a Diels-
Alder adduct at high pressure and high temperature, but they
did not report any other dienophiles. Recently, Rickborn
demonstrated that the treatment of anthrone with a weak
base gives 1-oxido diene (= anthracenolate ion). leading to a
Diels-Alder reaction with highly reactive dienophiles in
aprotic solvent.® while, anthracenolate ion leads to a 1.4-
conjugate addition reaction with o,fB-unsaturated carbonyl
compounds in protic solvents.*® Thus, even though anthr-
acenolate ion is highly capable of acting as a diene in the
Diels-Alder reaction. changing the base. solvent. or dieno-
phile can result in either cycloadduct or Michael adduct. An
anthracenolate ion can also undergo the O- or C-alkylation,
analogous to a phenoxide ion.” Previous investigations led us
to consider the possibility of cycloaddition reactions of
anthrone with o.f-unsaturated carbonyl compounds, since
the equilibrium position between the two tautomers favors
anthracenol in acidic conditions. which is capable of leading
to the Diels-Alder adduct. Thus, a simple «,fB-unsaturated
ester, methyl acrylate. was used as a model compound, since
it has a moderately low activity as a dienophile."

The condensation of methyl acrylate with anthrone was
tried in the presence of a catalytic amount of the Lewis acid
ZnCls in ethanol, and cycloadduct 3a was formed as a major
product; two Michael adducts 4a and 5a were also observed
in small amounts (Scheme 1).
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a. E=CO,;Me, R1=Ry=H, b. E=COCH3, R4=R;=H, c. E=COPh, R4=R,=H,
d.E=CN, Ry=R;=H, . E=SO,Ph. R,=R,=H, f. E=CO,Et, Ry=Rz=H,

g. E=CO»Bu!, R1=Ry=H, h. E,Ry=CO,CHy, Ry=H,

i. E=CO,Me. Ry=H, R;=CO,Me, j. E=CO,Et, R1=H, R,=CO,Et

Scheme 1. Reaction of anthrone with a varicty of cthylenic substrates under various conditions.

Table 1. | ewis acid-catalyzed reactions ol anthrone with a variety of ethylenic substrates under various conditions

) . Lewis acid time product. %"
liniry ethylenic substrate . solvent
3 - (Equiv) (h} 3 4 5 7
| methy | acrylate(a) ZnCl 001 11O 6 85 9 3 ¢
2 methy | acrylate(a) 7nCl. 0.01 1on 6 84 10 4 0
3 methy] acrylate{a) /nla. 0.03 1on 6 32 17 13 0
4 methy] acrylate(a) AlCH. 0.05 1on 6 Sl 6 1 0
3 methy] acrylate(a) p-ISA O IM[O1R| 24 (0 0 0 77
6 methy] acrylate{a) 11.80),. 0.01 O 10} () 4] 0 81
7 melhyl vinyl ketone(b) 7ZnCla, 005 OH 3 0 89 0 \]
8 pheny! vinyl ketone(e) /nCla, 0.03 MeOIl 2 (0 47 0 0
9 acrylonitrile(d) 7nCla. 005 NDMSQO 6 71 4] \] 4]
10 pheny] vinyl sulfone(e) 7nCl, 0.05 DMSO 24 no reaction

“Isolated yield.

Table 1 summarizes the results for the reactions of anthrone
with a variety of ethylenic substrates under various condi-
tions. 'T'he products were not influenced by the amounts of
Lewis acid or methyl acrylate (entries 1 and 2). By reducing
the amount of ZnCl> to as little as 0.01 mol%. the cvclo-
addition reaction also occurred to give a similar product ratio
and yield. A comparison experiment was performed with
other Lewis acids AICl; and Znl: (entries 3 and 4). However,
these other Lewis acids provided unsatisfactory results for
the cycloaddition reaction. When mineral acid or p-
toluenesulfonic acid (p-1SA) was used instead of ZnCl,,
acid-catalyzed ether formation of anthracenol preferentially
occurred to give a single product, 9-ethoxyanthracene 7
(entries 5 and 6), which is formed when anthrone is refluxed
in ethanol in the presence of H:SO, without ethylenic
substrate.*

[t should be pointed out that anthrone in the presence of
Lewis acid shows two distinctive characters, diene and
Michael donor, depending on the functionality of the .-
unsaturated carbonyl compounds. Recently, we reported that

1.4-conjugated addition of anthrone with o.f-unsaturated
ketones proceeds to give mono-Michael adducts in the
presence of ZnCly, as shown in eq. 2 (entries 7 and 8)."
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T'he success of the mono-Michael reaction with ZnClz
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Table 2. Lewis acid-catalyzed reactions of anthrone with a varicty of o f-unsaturated esters

i product. %"
Entry o, B-unsaturated csters ZnCl; (Equiv) solvent” time (h) 3 1 .
1 methy] acrylate (a) 0.1 CtOH 3 85 9 3
2 cthyl acrylate (f) 0.0l CtOH 6 &3 3 2
3 tere-butyl acrylate (g) 0.03 CtOH 6 61 8 0
4 2(5 thH-furanone (h} 0.01 CtOH 3 93 0 0
5 dimethy| fumarate (i} 0.05 DMSO 4 90 0 0
6 diethyl tumaratce (j) 0.05 DMSO 2 63 0 (]
7 dimethy] maleate (i) 0.05 DMSO 6 56 0 U
8 dicthy] maleate (j) 0.05 DMSO 24 20 0 (U

“Reaction temperature in EIOTL, reflux: in DMSO. 80 °C. *lsolated yield.

may be explained by the equilibrium position between the
tautomers, anthrone 1 and anthracenol 2, which lies towards
the enol form in acidic media. Thus, the favorable anthra-
cenol 2 reacts with methyl vinyl ketone to give the mono-
Michael adduct 4b under acidic conditions, In fact, the
reactivities of methyl acrylate and methyl vinyl ketone as
dienaphiles are very similar (calculated LUMO energies of
-0.01 and -0.07 eV, respectively). Meanwhile, the Michael
reaction should be strongly influenced by the polarity of the
CC double bond, and the electronic effects of the activating
groups that produce polarity decrease in the order CHO >
COR = CN > CO3R."? Methyl vinyl ketone, which has a
highly polar double bond, is capable of acting as a Michael
acceptor, and thus cycloaddition to give a Diels-Alder adduct
3b would be less favorable. While the Michael adduct is
often converted to the cycloadduct when subjected to the
same reaction conditions for a long period, the cycloadduct
was not observed despite a prolonged reaction time of 24 h.
Meanwhile, methyl acrylate has moderate reactivity as a
dienophile and a CC double bond with very low polarity,
Therefore, it seems reasonable that the Lewis acid-catalyzed
reaction with methyl acrylate predominantly leads to the
cycloaddition.

We examined the Lewis acid-catalyzed cycloaddition
reactions with moderately to highly reactive ethylenic
dienophiles, including ¢.f-unsaturated nitrile, and sulfone
(entries 9 and10). These reactions were performed in DMSQO
using ZnCl: as the Lewis acid catalyst (typically 0.05 equiv).
Reactions with acrylonitrile (entry 9) gave only Diels-Alder
adduct 3d. and no trace of Michael adduct was observed,
Negative results were observed with phenyl vinyl sulfone in
that neither cycloadduct nor Michael adduct was produced.,
In fact, unsuccessful results have been reported in the
Michael condensation of acetophenone with methyl vinyl
sulfone."” These results indicate that the relative activating
effect of dienophiles decreases in the order nitrile = ester =
sulfone, analogous to the case of Michael acceptor. In the
present study, the success of ZnClz-catalyzed cycloaddition
reaction with alkyl acrylates was truly startling compared to
other catalyzed processes such as the base-catalyzed Diels-
Alder reaction, which gives cycloadduct when alkyl acrylate
is used as a solvent.* It has been well documented that the
rate of the Diels-Alder reaction is generally increased by a

factor of 10 with Lewis acid catalysis compared to other
catalyzed thermal processes, !

Encouraged by our success with the cycloaddition with a
mildly reactive dienophile, methyl acrylate, we next explor-
ed the analogous reaction with a variety of o, f-unsaturated
esters. All of the ZnCly-catalyzed cycloaddition were successtul
under similar conditions and provided the corresponding
bridgehead alcohols in reasonable yields (Table 2),

In particular, only cycloadducts were obtained in reason-
able yields with o or B-substituted esters (entries 4-8). In
attempt to examine the reaction pathway of cycloaddition
with reactive ethylenic dienophiles under Lewis acid
conditions, we studied the stereochemistry of cycloadducts
with dialkyl fumarate and dialkyl maleate (entries 5-8).
Dimethyl fumarate, which is ca. 107 fold more reactive than
methyl acrylate in other cycloaddition reactions, gave
cycloadducts frans-3i in 90% yield (eq. 3).

COMe CO,Me
1+ | or [
MeO,C CO,Me
3)
ZnCl, in DMSO
80°C, 4-6h

trans-3i

‘T'he stereochemistry of the dienophile was retained, based
on the coupling constant in 'H-NMR. We also observed
enhanced reactivity in DMSO, since the enol form 2 is
favored by about a factor of 10 in DMSO compared to protic
solvent,

The cis diester dimethyl maleate was also reacted with
anthrone under the same conditions. Surprisingly, this
cycloaddition was not stereospecific, and we observed a
100% inversion of dienophile geometry. lo confirm the
isomerization of dimethy] maleate to dimethyl fumarate
under Lewis acid conditions, we performed a control experi-
ment in the absence of anthrone. No isomerization was
observed. even under more vigorous conditions by changing
the solvent and the amount of ZnCl. In fact, dimethyl
maleate is less reactive in Diels-Alder reactions than
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dimethyl fumarate. Thus, a further stereochemistry study
was performed with fumaronitrile and maleonitrile, since
both are more reactive than dimethyl fumarate.'"” The ZnCl,-
catalyzed cycloaddition reactions of anthrone with fumaro-
nitrile and maleonitrile gave trans cycloadduct 8 and cis
cycloadduct 9 in good yields, and with different stereo-
chemical results than diesters (eq. 4).

H

CN
CN NC H
J/ ZnCly in DMSO g D
NC
80°C, 4-6h HO
8
1 CN )
[ NC_
oN ZnCl, in DMSO NC.
soc 4eh (I
HO
9

[f we focus on the stereochemistry of cycloadducts in the
7ZnCly-catalyzed reactions with dimethyl maleate, it is worth
noting that while the cycloaddition pathway may occur vig
stepwise cycloaddition mechanisms, the two-step (Michael
+ Aldol) can be excluded: (a) as mentioned previously, the
product ratio of 3/(4 + 5) with methyl acrylate does not
change during the reaction, and thus there is no evidence for
the transformation of 4 to 3, (b) even the Aldol condensation
of the isolated mono-Michael adduct 4 in the presence of
ZnCly under the same conditions failed to give the cyclo-
adduct {eq. 3), and (¢) the base-catalyzed intramolecular
Aldol condensation of 4 to 3 also tailed, and instead 4 was
isomerized to 9-substituted anthracenol S (eq. 5).

Another interesting result is observed when 3 is allowed to
react with NaOMe in methanol at room temperature. Since
the formation of the bridgehead alcohol 3 was promoted by
ZnCly, it was thought that the ring-opening reaction would
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be facilitated by the loss of a proton to generate the mono-
Michael adduct 4, as shown in Scheme 2 (pathway a).

In fact, this reaction was time-dependent, an aliquot taken
at 30 min showed that the starting material had been
consumed, to give exclusively 4, Continued stirring for 3 h
led to the exclusive formation of anthracenol 5, No other
method has reported for the preparation of mono-Michael
adduct 4 (. = CO;R, CN) and its tautomer 5. The fragmen-
tation of 3 to anthrone and methyl acrylate (pathway b)
could not occur by way of an Lvans accelerating effect of the
oxido group, which is known as the oxido-accelerated retro
Diels-Alder reaction.®'s Thus, the formation of 4 could not
be explained by the consecutive recombination of anthraceno-
late ion and methyl acrylate vig the Michael process under
basic conditions, since the consecutive double Michael
reaction predominantly occurs very rapidly independent of
the amount of base and methyl acrylate, as shown in Scheme
1. We also carried out cross experiments to contirm that the
recombination of anthracenolate ion and methyl acrylate
(pathway b) is not the reaction process. When 3 (T: = CO:Me)
was treated with NaOMe in the presence of excess amounts
of ethy! acrylate, it did not undergo Michael addition to give
4 (IE = COzEY), which cross-coupled with anthracenolate ion
after the fragmentation sequence outlined in pathway b.

N
I —

E 5

O o}
pathway b E
O — Q0D —
H

Scheme 2
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Thus, the retro Diels-Alder reaction for bridgehead alcohols
3 prepared from o.f-unsaturated compounds would not be
expected to occur vig an oxido group generated from
treatment with a base in alcohol. In fact, to accelerate the
retro Diels-Alder reaction by an oxido substituent, we must
consider the dramatic loss of basicity, i.e.. the basicity of 3~
and an anthracenolate ion at the oxygen atom, as a powerful
driving force."” The obvious resonance structures of
anthracenolate ion suggest that the negative charge resides
mainly on the ring carbon in protic solvents, since it acts as a
Michael donor, Thus, the dramatic loss of basicity of 37 and
of an anthracenolate ion would not to be expected to occur in
protic solvents.

We next considered the consecutive reactions of mono-
Michael adducts 4 with different ethylenic substrates to
synthesize the various unsymmetrical 10.10-disubstituted
anthrones 11, The reaction of 4 (E' = C0OsMe, COsIt and
COMe) with ethylenic carbonyl compounds (F? = CO:Me,
COsEt and COMe in case A) in the presence of LiHMDS in

o}

EZ

LIHMDS
Case A THF, 0°C

E1
11
a: E'E?=CO,Me, COMe
b: E'E?=CO,Me, CO,EL
¢ E'E?=CO,EL, COMe
d. E'E?=COyMe, CN
e. E'E2=COMe, CN
. E'E2=CO,Et. CN

2 E'
E cat. NaOMe

g ED EtOH, reflux

HO

10
d: E'=CO;Me. E?=CN
e: E'=COMe, E%=CN
f: E'=CO,Et, E?%=CN

Case B

LIHMDS
THF. 0°C

()
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THF solvent gave the corresponding unsymmetrical 10.,10-
disubstituted anthrones 11a, 11h, 1le¢ {eq. 6). However, in
case B, the reaction of 4 {T.' = CO:Me, COEt and COMe)
with acrylonitrile (F? = CN) as an ethylenic substrate under
the same reaction conditions gave cycloadduct 10. The ring-
opening of the cycloadduct 10 to the corresponding
unsymmetrical bis-Michael adduct 11 was also effected by
treatment with a catalytic amount of NaOMe at room
temperature,

A series of the cross-coupling reactions were performed in
which either o f-unsaturated ester, ketone or nitrile was
allowed to react the cycloaddition reactions followed by the
ring-openings (Table 3).

To compare the reactivities of anthrone under two distine-
tive conditions, we examined a series of o, f-unsaturated
carbonyl, nitrile and sulfone compounds under basic condi-

tions (eq. 7).
& ;
seopises
= -
E E ™
0 o E 0
E E
E 13 E 12
|
13
The results of these condensation reactions are summariz-
ed in Table 4. The base-catalyzed reactions of anthrone with
ethylenic substrates gave the bis-Michael adduct 12
independent of the functional group by way of consecutive
double 1.4-conjugated addition. We also found that the
condensation reaction proceeded using both catalytic (0.02

Table 3. Formation ot cross-coupled anthrones |1 via the consceutive cyeloaddition and ring-opening reactions

Eape LS 4 CH=CHE? reaction 10 I 1
g {equiv) C! k- time Yield % C! c2 vield %

1 A CO:Mc COMec 10h - CO:Mc COMe 30 (a)

2 A CO:Mc CO:Et 10h - CO:Mc CO4Et 57(b)

3 A CO:Et COMe 5h - CO:Et COMc dd (e)

4 A COMe¢ CO:Mc 10h - COMe CO:Me 45 (a)

5 A COMe¢ CO-Et 6h - COMe CO4Et 41 (e)

6 B CO:Mc CN 3h 85(d) CO:Me CN 98 (d)
4h*

7 B COMe CN 2h T2(e) COMe CN 98 (e)

20 min®

8 B CO,Lt CN 2h 841 CO:Et CN 82¢H

10h¢

“Isolated yields alter recrystallization. *lsolated yields alter chromatographic purification. “First step (4 10 10¥second step (10 to 11},
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equiv.) and stoichiometric amounts of sodium alkoxide to
produce the bis-Michael adducts 12 in similar yields. In
particular, the consecutive double Michael reaction of
anthrone with o, S-unsaturated esters in the presence of base
occurred to give only bis-Michael adducts 12 in fairly high
yields (entries 1 and 2). The formation of bis-Michael adduct
is independent of the amount of ester used. For example, 0.5
equiv of methyl acrylate was treated with 1.0 equiv of
anthrone (1) in the presence of 0.1 equiv of NaOMe to give
21% of 12a and 78% of unreacted anthrone (1). None of the
mono-Michael adduct 13a was formed. We followed the
condensation reactions by GL.C analysis and H-NMR, which
showed no evidence for the formation of mono-Michael
adduct. The decrease in anthrone is counterbalanced by the
appearance of bis-Michael adduct, the concentration of
which steadily increase until all of the anthrone was consumed.

The anthracenolate ion reacts with o, B-unsaturated com-
pounds and then undergoes a proton shift to give the more
stable anthracenolate ion 137, Presumably, 137 is more
reactive towards ethylenic compounds than anthracenolate
ion, and this reaction readily proceeds to give the bis-
Michael adduct 12, as shown in Eq. (7). We recently
reported the sodium alkoxide-catalyzed consecutive double
Michael reaction with a variety of o, B-unsaturated ketones
(entries 4-6)."" [n fact, limited examples of o, f-unsaturated
carbonyl compounds, such as methyl acrylate, methyl vinyl
ketone and acrylonitrile, have been reported in the base-
catalyzed Michael reactions of anthrone. ™ Various
alkenes and other reaction conditions have not been reported
at all. In contrast to the unsuccesstul reaction of the anion of’
acetophenone with the mildly reactive Michael acceptor
phenyl vinyl sulfone," the anthracenolate ion in ethanol
gives the bis-Michael adduct 12h in high yield {entry 8). For
a.funsaturated compounds with o, f-substituents (entries 9
to 12), no bis-Michael adducts were observed regardless of
the amounts of substrates and NaOCHs, and only mono 10-
substituted anthrones (13i, 13j, 13k, 131} were observed in
reasonable yields.

(o}
ethylenlc substrates

R a. CH-CH:COsMe. b. CH:CH-COsFL ¢. CH-CH>CO-Ph.
d. CH:CH(CH)CO:EL ¢. CHACHLC(=0)CH.
f. CHClHC(=0)CHEC . g CHECLLC=0)Ph.
h. CH:CH:CN. i. CH2CHAS$0-Ph. j. CH(CH; )(H CO.Me.
k. CHOCH)CHC( O)CHs. . o . \_'/-o

&)

[n conclusion, the Lewis acid-catalyzed reaction of anth-
rone with c.B-unsaturated ester gave bridged compounds
(Diels-Alder adduct type). in which the ring could easily be
opened by a catalytic amount of base, and mono-Michael
adduct exclusively, while the base-catalyzed reaction gave
10,10-bis-Michael adduct as a major product independent of

Woonphil Buik et df.

Table 4. Base-catalyzed consecutive conjugated addition of an-
thronc with ethylcnic substrates

Conditions”  product. %'

Entry cthylenic substrate

’ ’ base® Gme¢h) 12 13
1 methylacrylate (a) NaOMe 35 91 0
2 cthyvlacrylate (h) NaOlt 4 93 0
3 ethyl methacrylate (¢) NaOlt 2 51 0
4 methyl vinyl ketone (d) NaOMe 5 8 5
3 ethyl vinyl ketone (e) NaOMe 4 88
6 phenyl vinyl ketone (f) NaOMe 3 500
7 acrylonitrile (g) NaOMe 5 96 0
§  phenyl vinv] sulfone (h) NaOMe 48 90 0
9 methyl crotonale (i} NaOMe 2 0 33
10 methyl -3-methoxyacrylate (j) NaOMe 2 0 45
11 cyclopentenone (k) NaOMe 3 0 85
12 c¢yclohexenone (1) NaOMe 3 0 80

“Reaction mixtures were refluxed, except with phenyl viny] sulfone {at
room temperature). “Catalytic amounts {approx. 1.1 mol%)of base were
used. “lsolated yield.

the amount of ethylenic substrate and base. Further Michael
reaction of mono-Michael adducts with different ethylenic
substrates in the presence of a catalytic amount of alkoxide
gave unsymmetrical 10,10-bis Michael adducts.

Experimental Section

NMR spectra were recorded on a Varian Gemini-200
spectrometer in CDCli. [R spectra were obtained using a
Perkin-Tlmer Paragon 1000 spectrometer. Mass spectra were
obtained at a 70 eV vig GC-MS coupling, GC analyses were
performed using a capillary column (25 m x 0.2 mm i.d.).
Melting points were determined on a Mel-Temp [l apparatus
and are uncorrected, All reagents were used as purchased
and solvents were purified by conventional methods. Al
conjugated addition reactions were performed under dry
nitrogen.

General procedure for the Lewis acid-catalyzed mono-
Michael reaction of anthrone, A solution of anthrone (500
mg, 2.57 mmol) in methanol (5.0 mL) was treated with
methyl| acrylate (1.06 mL, 11.8 mmol) and ZnCl: (5.0 mg.
0.04 mmol). The mixture was refluxed for 3 h and then
concentrated under vacuum. The residue was extracted with
methylene chloride, and then washed with brine. 'The organic
phase was dried over MgSQs, filtered. and concentrated.
Chromatography (10% EtOAc in s-hexane) gave 10-(2'-
methoxycarbonyl)ethyl-9 (10H)-anthracenone 4a (26 mg, 4

%) as an oil, methyl 9.10-dihydro-9-hydroxy-9,10-ethano-
anthracene-11-carboxylate 3a (592 mg, 83%) as a white
solid, and 10-(2-methoxycarbonyl)ethyl-9-hydroxyanthra-
cene Sa (15 mg., 2%) as an oil.

Compound 3a: TLC R, 0.48 (25% EtOAc in s#-hexane),
mp 121-123 °C; [R {KBr) 3429, 1696. 1458, 1309. 1261
em™'; 'H NMR {CDCly) § 7.67 (d. /= 8.7 Hz, 1H). 7.56 (d. J
= 8.5 Hz, 1H), 7.31-7.15 (m, 6H), 5.29 (s. IH) 4 i(t J=
5.4 Hz, 1H). 3.59(s,3H). 293 (t,/=7.8 Hz 1H), 2.25 (dd. J
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= [.2 and 7.7 Hz. 2H); *C NMR (CDCls) & 176.3. 144.8.
1434, 128.0, 127.5, 124.7, 124.5. 122.6. 122.0. 784, 53.8.
499, 44.4. 33.0. MS sz 281 (M™+1). 250. 194, 165, 139.
82.

Compound 4a: TLC R, 0.44 (25% EtOAc 1n #-hexane):
IR (KBr) 1735, 1665. 1601, 1463. 1315 em™: 'H NMR
(CDCls) 68.30 (d,J=7.7 Hz, 2H). 7.66-7.57 (m. 3H). 7.51-
7.42 (m. 3H), 442 (t. J = 5.3 Hz. [H). 3.50 (s. 3H), 2.40-
2.29 (m, 2H). 1.88 (t. /= 7.9 Hz. 2H); *C NMR (CDCly) &
183.0, 174.8, 145.4. 134.7, 134.0. 129.7, 129.1. 1289, 53.1.
42.8, 37.8. 30.6; MS mz 28] (M™+1). 250. 195, 163, 139.
115,

Compound Sa: TLC R, 0.16 (25% EtOAc in #-hexane):
IR (KBr) 3384, 1711. 1664, 160L. 1318 em™: 'H NMR
(CDCls) 68.30 (d./=9.5 Hz, 2H). 8.14 (s, LH). 7.87 (d./ =
9.1 Hz. 2H). 7.74 (t./=9.3 Hz. 2H). 7.61 (t,/ =8.2 Hz. 2H).
343 (s. 3H), 2.37-2.29 (m, 2H). 1.81-1.73 (m, 2H); °C
NMR (CDCls) & 173.8. 144.2. 135.7, 133.9, 1304, 129.2.
127.1, 53.3. 40.4, 30.0; MS m2z 280 (M"). 248, 191, 178.
136,

Data of compound 3b and 3¢ have been reported in
reference 11.

Compound 3d: TLC R;0.24 (2.5% EtOAc in benzene):
mp 212-215 °C; IR (KBr) 3404, 2243. 1458. 1246, 1239
em™; "THNMR (CDCls) §7.62 (d. /= 6.6 Hz, 1H), 7.53 (d.J
= 6.4 Hz. 1H), 7.38-7.37 (n, 2H), 7.35-7.18 (n, 5H), 4.46 (s.
1H), 3.10 (dd,.J=4.5 and 10.5 Hz. 1H), 2.28 (t,.J= 4.0 Hz.
1H), 1.89-1.30 (m, 1H): °C NMR (CDCls) § 144.6, 142.8.
1427, 142.6. 1279, 127.1, 127.0. 1245, 1229, 1228
121.8,77.3,42.5,37.1. 35.3; MS m-z 248 (M™+1), 208. 193.
165. 139,

Compound 3f: TLC R, 0.45 (25% EtOAc in #-hexane):
mp 107-108 °C; IR (KBr) 3448, 1718. 1690. [450. 1258.
1186 cm™; 'H NMR (CDCls): 8 7.69 (d. J = 8.7 Hz. 1H).
7.56 (d. J = 8.6 Hz, 1H), 7.68-7.54 (m, 6H), 5.29 (s. 1H).
431 (t.J = 5.6 Hz, 1H), 4.09-3.98 (mn, 2H). 2.92-2.83 (mn.
2H), 2.26-2.17 (m. 2H), 1.12 (t. J = 7.2 Hz. 3H): *C NMR
(CDCly) 8 175.7, 144.7, 143.6. 143.5, 1432, 1279. 127.8.
127.5, 1274, 124.5. 124.4. 122.5, 122.0, 62.9, 50.0. 44.3.
33.8, 15.6; MS m.2 295 (M™+1), 195. 166, 139. 82.

Compound 4f: TLC Ry 0.34 (25% EtOAc in »-hexane):
IR (KBr) 1732, 1665. 1602, 1463. 1315 ecm™: 'H NMR
(CDCl;) 68.32 (d./=9.1 Hz, 2H). 7.66-7.43 (m. 6H). 4.43
(t,J = 5.4 Hz, 1H), 393 (q. J= 7.1 Hz, 2H), 2.33-2.29 (.
2H), 1.89-1.81 (m. 2H), 1.15 (t. / = 7.1 Hz. 3H): *C NMR
(CDCl;) & 1859, 1743, 1454, 134.8, 133.9, 129.8. 129.0.
128.8,82.0. 42.8. 37.7, 30.8. 15.7, MS m.z2 295 (M*™+1). 265.
250. 208, 194. 178, 166. 139.

Compound 5f: TLC Ry 0.25 (25% EtOAc in n-hexane):
IR (KBr) 3304. 1613, 1582. 1284, 1228, 1209 em™: 'H
NMR (CDCls) 68.32 (d, /= 7.7 Hz. 2H). 8.00 (s. 1H), 7.88
(d,J=78Hz, 2H), 775 (. /=83 Hz, 2H), 756 (t. = 7.5
Hz. 2H). 3.88 (q. /= 7.2 Hz, 2H). 2.34 (t. / = 8.1 Hz, 2H).
1.76 (t. J = 8.3 Hz, 2H). 1.09 (t.J = 7.2 Hz, 3H); “C NMR
(CDCls) & 1734, 144.2, 135.7. 135.3, 134.0, 130.4. 129.2.
1288, 127.1. 62.2, 40.3. 30.4. 15.0. MS m.z 295 (M*+1]).
265. 210, 181. 152, 126. 95.
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Compound 3g: TLC R, 0.38 (benzene); mp 117-119 °C;
IR (KBr) 3373. 1689, 1485. 1315, 1253 em™: 'H NMR
(CDCl;) §7.73(d.J =69 Hz. |H). 758 (d./ = 6.6 Hz. 1H),
7.33-7.17 (m. 6H), 5.37 (s. 1H). 432 (t. J = 2.7 Hz. 1H),
282 (dd. /=43 and 10.2 Hz. lH). 2.35 (t, /= 3.5 Hz, 1H),
229 (t.J=3.6 Hz. 1H). 2.16-2.03 (m, 1H). 1.33 (s. 9H); °C
NMR (CDCl3) § 174.5. 144.8. 144.0. 143.7, 143.1, 127.9.
1278, 127.4. 1273. 124.6. 124.2. 122.5, 122.1, 84.5. 78.7,
50.6. 44.3. 338, 30.5; MS mz 323 (M +1), 267. 250. 232.
207.193. 165.

Compound 4g: TLC R, 0.23 (benzene); IR (KBr) 1727,
1666. 1602, 1462. 1368, 1315. 1147 em™'; 'TH NMR (CDCl3)
6828 (d.J=7.7Hz. 2H). 7.59-7.39 (m, 6H). 4.37 (. /= 5.0
Hz. |H). 2.24-2.23 (m, 2H), 1.81-1.77 (m, 2H). 1.33 (s, 9H) ;
C NMR (CDCly) § 186.0. 173.8. 145.7. 134.6. 134.0,
129.8, 129.0, 1288. 127.7. 127.6, 1272. 1225. 1222,
122.1,82.0,42.9.37.9.32.0,29.8. MS m:2 323 (M*+1). 267.
250.232. 207, 195. 163.

Compound 3h: TLC R, 0.31 (benzene); mp 156-158 °C
(it 154-158 °C): IR (KBr) 1772. 1670. 1599, 1312 em™;
'H NMR (CDCla) & 8.31-8.26 (m. 2H), 7.63-7.39 (m. 6H),
425, J=58Hz IH),4.02(d. J=6.0Hz. 2H). 282 (q.J
= 79 Hz. 1H). 2.39-2.34 (m. 2H). ’C NMR (CDCly) &
183.0, 1768, 143.1. 142.6. 134.6, 1345, 1338. 130.1,
1299, 129.7. 129.5, 1282. 71.7. 48.1. 46.6. 34.3. MS mZ
279 (M*™+1). 193, 165. 139, 115,

Compound trans-3i: TLC R, 023 (2.5% EtOQAc
benzene). mp 241-244 °C; IR (KBr) 3470, 1735, 1459, 1293,
1216 em™ : 'H NMR (CDCla) & 7.74-7.69 (m. 1H). 7.62-
7.57 (m. LH), 7.40 (s, 2H). 7.25-7.18 (m. 4H), 5.40 (s. 1H),
474 (d.J=2.6Hz. |H).3.68 (s. 3H). 3.52-3.50 (n, 2H). 1°C
NMR (CDCl3) 6 175.1. 173.7. 144 4. 144.0, 141.6, 1399,
130.0, 128.2. 128.1. 125.4. 125.0. 122.7, 122.2, 78.3. 54.2,
534.1.52.9. 509, 47.3; MS mz 339 (M +1), 322. 265. 219.
194. 165. 127.

Compound trans-3j: TLC Ry 027 (2.5% EtOAc i
benzene). mp 73-75 °C; IR (KBr) 3497, 1738. 1712. 1439,
1369. 1231, 1205 em™; 'TH NMR (CDCla) § 7.69 (d.J = 7.0
Hz. 1H), 7.54 (d, J = 7.3 Hz, 1H), 7.37-7.33 (m, LH). 7.23-
7.15 (m. 5H), 5.36 (s, LH). 4.69 (s, LH). 4.10-4.30 (m. 4H),
347 (s. 2H). 1.23 (t, /= 7.1 Hz, 3H). L.11 (t. /= 7.1 Hz.
3H); “C NMR (CDCl3) §174.5. 173.2, 144.3, 144.1. 141.6,
1399, 128.2. 128.1, 128.0. 125.4, 125.0. 122.5, 122.2, 63.3,
62.9.62.8,52.9,50.7, 47.3. 15.9. 15.6. MS m.z 367 (M™+1),
338.322.219, 194. 165, 127

Formation of cross-coupled anthrones 11. General
procedure for the direct formation of unsymmetrical 10.10-
disubstituted anthrone denivatives: (Reaction of 10-mono-
Michael adduct with alkenes under LIHMDS conditions
Case a).

LiHMDS (1.6 M THF solution of htluum bis(trmethylsilyl)-
amide) was added dropwise to a mixture of mono-Michael
adduct 4 (1 eq) and ethylenic carbonyl compounds (ethyl
acrylate. methyl acrylate and methyl vinvl ketone, 2.5 eq) in
freshly distilled THF (0.1 M) at 0 °C. The reaction mixture
was allowed to warm up to rt and then stured until the
reaction was completed. Next, water was poured nto the



498  Bull Korean Chem. Soc. 2004, Vol. 25, No. 4

flask. which was then extracted with methvlene chloride.
The separated organic laver was washed with a brine
solution. dried over sodium sulfate and purnfied by flash
column chromatography to give unsymmetrical 10.10-
disubstituted anthrones (11).

Compound 11a: Yield 30%; TLC R 0.63 (EtOAc: n-
Hexane = |:1); mp 143-145 °C; IR (KBr) 2947, 1732.
1661, 1602, 1457, 1369, 1322, 1280, 1175 cm™: '"H NMR
(200 MHz: CDCl;s) & (ppm) 1.58-1.71 (m. 4H), 1.80 (s, 3H).
2.51-2.65 (m. 4H), 3.44 (s, 3H), 7.26-7.53 (m, 2H). 7.61-
7.71 (m, 4H). 8.41 (d. J = 8 Hz. 2H); '°C NMR (75 MHz:
CDCly) & 183.0, 172.9, 145.1, 134.2, 132.4. 127.5. 127.3.
125.8, 51.3. 444, 39.7. 38.3. 38 1, 29.7. 29.0; MS m:z 380
(M%), 301, 291. 279, 263.

Compound 11b: Yield 57%; TLC Rf 0.60 (EtOAc : n-
Hexane = 1 : [): mp 97-100 °C: IR (KBr) 1735, 1659. 1600.
1457, 1372, 1323. 1188, 1031 em™: 'H NMR (200 MHz:
CDCl;) & (ppm) 1.08 (t, /= 7.2 Hz, 3H), 1.54-1.64 (in. 4H).
2.62 (t. J =7.8 Hz, 4H). 3.44 (s. 3H), 3.89(q, /= 7.1 Hz.
2H), 7.49-7.53 (m, 2H), 7.63-7.71 (m, 4H). 840 (d, /=78
Hz, 2H): '*C NMR (75 MHz; CDCl;) § 183.0, 172.7. 144.8.
134.3, 133.6. 128.2. 127.6. 127.0, 1258, 60.3, 51.4. 44.7.
397, 396, 292, 29.1, 13.9: MS mz 380 (M%), 349. 293.
279. 219.

Compound 11¢: Yield 44%:. TLC Ry 0.30 (EtOAc: n-
Hexane =1: 1): mp 122-123 °C; IR (KBr) 1712. 1661, 1321
em™'; 'H NMR (200 MHz: CDCls) & (ppmt) 1.08 (t..J = 7.2
Hz, 3H). 1.51-1.71 (m. 4H), 1.80 (s. 3H), 2.51-2.65 (in, 4H).
3.89 (q, /=72 Hz. 2H), 7.45-7.53 (m. 2H), 7.61-7.75 (m.
4H), 8.41 (d.J = 7.8 Hz. 2H): °C NMR (75 MHz: DMSO) §
1441, [42.7. 1425, 1423, 126.5. 1264, 1255, 1214
121.0, 120.4, 75.1, 42.9. 38.3, 36.8, 36.5. 30.0. 23.0: MS m:z
380 (M"), 319. 307, 293. 263,

General experimental procedure in Case B, LIHMDS
(1.6 M THF solution of lithium bis{trmethylsilyDamide) was
added dropwise to a nuxture of mono-Michael adduct 4 (1
eq) and acrvlomtrile (2.5 eq) in freshly distilled THF (0.1 M)
at 0 °C. The reaction mixture was allowed to warm up to rt
and stured. After the reaction was completed. water was
poured into the flask, which was then extracted with methyl-
ene chloride. The separated organic laver was washed with
brine, dned over sodium sulfate and purified by recrvstalli-
zation to give unsymmetrical 9.10-bridged anthrones (10).

Compound 10d: Yield 85%; TLC R, (.26 (Chloroform :
methanol = 13 : 1); mp 189-191 °C; IR (KBr) 3427. 2256.
1737, 1456, 1175 em™; 'H NMR (200 MHz: CDCl;) &
(ppm) 1.88 (dd,J=7.2Hz,49Hz, 1H),2.12 (t. /= 11.7Hz.
1H), 2.73-2.93 (m. 4H). 3.09 (q. J = 4.9 Hz, 1H). 334 (s.
1H-OH), 3.81 (s. 3H). 7.21-7.35 (m, 6H), 757 (d. J = 5.2
Hz, LH). 7.61 (d. J = 4.6 Hz, 1H). "C NMR (75 MHz:
DMSO-dg) 6 173.5. 1441, 142.3. 1422, 126.4. 125.5, 125.4.
121.5,121.2, 1209, 120.5, 75.0. 54.9, 51.6. 42.7. 36.4, 29.1.
24.9: MS 1.2 333 (M. 302, 293. 279. 246.

Compound 10e: Yield 84%:. TLC R/ 0.33 (EtOAc : n-
Hexane = |:1); mp 184-186 °C; IR (KBr) 3397, 2253.
1735, 1456, 1178 em™; 'H NMR (200 MHz: CDCl;) &
(ppm) 1.34 (t./ =73 Hz. 3H). 1.88 (dd. /= 12.5 Hz. 4.9 Hz.
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IH). 2.12 (t. /= 11.7 Hz. 1H), 2.73-2.93 (m, 4H), 3.09 (q. J
=49 Hz. lH). 3.40 (s, 1H-OH), 4.26 (q. J = 4.3 Hz, 2H).
7.21-7.35 m. 6H). 7.57 (d.J =52 Hz, |H). 7.6l (d.J=4.6
Hz. 1H); °C NMR (75 MHz; DMSO-dx) & 173.4. 1424,
142.0, 1418, 1408. 127.1. 127.0, 1263. 126.1. 121.2,
1208, 120.2, 120.0. 76.05, 61.0, 43.3, 37.5.36.7, 30.0. 25 4,
14.2; MS n1:2 347 (M), 303. 293. 265, 246,

Compound 10f: Yield 72%:. TLC Ry 0.63 (EtOAc : n-
Hexane = 1 : 1) mp 197-199°C; IR (KBr) 3396. 3071. 2935,
2252. 1713. 1636. 1457 cm™; '"H NMR (200 MHz: CDCls)
S (ppm) 1.58 (s, 3H), 1.87 (dd. J = 12.6 Hz. 4.9 Hz, 1H),
2.10 (t. J = 12.5 Hz, 1H), 2.79-2.84 (m. 2H). 2.92-2.95 (m,
2H). 3.09 {q. J = 4.9 Hz, 1H), 3.28 (s, 1H-OH), 7.21-7.35
(m. 6H), 7.57 (d. /= 5.2 Hz, lH). 761 (d. /= 4.6 Hz. 1H):
C NMR (75 MHz; CDCls) & 183.1, 172.6. 145.3. 134.3,
132.5, 127.6, 1274, 1259, 603, 44.6, 39.7. 38.4, 38.3. 298,
29.3. 14.0: MS m:z 333 (M™). 317. 302, 293. 279, 246.

General procedure for the formation of unsymmetrical
10,10-disubstituted anthrone derivatives (11) from the
unsymmetrical 9,10-bridged anthrones (10). A catalyvtic
amount of NaQEt (21 wt% solution ethanol) was added to a
solution of compound 10 n ethanol (0.03 M). The mixture
was refluxed and. after the reaction was completed, allowed
to cool down to 0 °C. The reaction mixture was quenched
with water. extracted with dichloromethane. washed with
brine. dried over sodium sulfate and punfied to give the
corresponding products 11,

Compound 11d: Yield 98%: TLC R;0.56 (EtOAc : n-
Hexane = 1:1). mp 121-124 °C: IR (KBr) 3445, 2263,
1729. 1660. 1601. 1458. 1324. 1172 em™ "H NMR (200
MHz. CDCla) & (ppm) 1.54-1.63 (m, 4H), 2.57-2.70 (m,
4H). 3.45 (s. 3H), 7.50-7.65 (m. 4H), 7.72-7.80 (m. 2H),
842 (d. J = 7.9 Hz. 2H). ’C NMR (75 MHz:. CDCls) §
182.5, 1728, 1433. 1347. 1326, 128.1. 1281. 1256,
118.7, 51.6, 44.8, 40.5. 39.5. 28.9. 12.5; MS m:2 333 (M),
302.293. 279, 246.

Compound 11e¢ : Yield 82% ; TLC Rr0.66 (EtOAc : n-
Hexane = | : 1). mp 92-95 °C; IR (KBr) 3432. 2247. 1676
em™: '"H NMR (200 MHz: CDCls) § (ppm) 1.59-1.72 (m,
4H). L.81, (s. 3H). 2.50-2.66 (m, 4H). 7.55-7.63 (m, 4H),
7.71-7.75 (m. 2H). 8.43 (d. J = 7.9 Hz. 2H); “C NMR (75
MHz. CDCla) & 143.7. 1348, 132.6. 128.1, 128.0. 125.6,
44.6. 40.6, 38.2. 38.0. 29.8. 12.6. MS m.z 333 (M"). 317.
302.293. 279, 246.

Compound 11f: Yield 98%; TLC R, 0.55 (EtOAc :n-
Hexane = 1:1). mp 117-120 °C:. IR (KBr) 1622, 1601,
1459. 1324 em™’; 'H NMR (200 MHz: CDCl3) & (ppm) 1.09
(t. J = 7.2 Hz, 3H). 1.54-1.63 (m, 4H). 2.57-2.71 (m, 4H).
390 (q. J = 7.0 Hz, 2H), 7.50-7.66 (m, 4H). 7.72-7.81 (m,
2H). 8.42 (d.J = 7.97 Hz. 2H); “C NMR (75 MHz; CDCl5)
01724, 1434, 1347, 128.1. 128.1, 125.6, 76.6. 60.5. 40.6,
39.4.29.1, 13.9. 12.5; MS n.2 333 (M"), 303. 293, 246.

General procedure for the base-catalyzed Michael
reaction; formation of his-Michael adducts (12a-12h)
and/or mono-Michael adducts (12i-121). A mixture of
anthrone (500 mg, 2.57 muol). methyl acrvlate (1.05 mL,
11.58 mmol) and sodium methoxide (23 mg. 0.34 mmeol) in
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methanol (5.0 mL) was refluxed for 5 h and then concen-
trated under reduced pressure. The residue was chromatog-
raphed over silica gel (10% EtOAc in #-hexane) to give
compound 12a (856 mg, 91%) as a white sohd.

Compound 12a(Bis-Michael adduet): TLC R, 0.3 (10%
EtOAc in #-hexane); mp 116-118 °C: IR (KBr) 1736, 1668.
1324, 1196 cm™: 'H NMR (200 MHZ; CDCls) §8.40 (d.J =
9.1 Hz, 1H). 7.71-7.52 (m, 2H). 7.51-7.46 (m, 1H). 3.42 (s.
3H), 2.65-2.57 (m. 2H). 1.59-1.54 (m, 2H); "*C NMR (50
MHZ: CDCly) 6 184.6, 174.7. 146.4. 1359, 134.9. 1343,
129.3, 129.1, 1275, 53.1. 46.4. 41.4, 30.7, MS m:z 367
(M*+1), 336. 304, 280, 220. 189.

Compound 12b(Bis-Michael adduct): TLC R, 0.42 (25
% EtOAc in #s-hexane). mp 109-111 °C: IR (KBr) 1734
1660, 1601. 1458, 1324. 1187 cm™: 'H NMR (CDCls) &
840 (d. J = 9.0 Hz, IH). 7.71-7.52 (m. 2H). 7.52-7.27 (m.
1H), 3.90 {q..J = 7.1 Hz, 2H). 2.65-2.57 (m. 2H), 1.61-1.33
(m. 2H). 1.09 (t. J = 7.1 Hz. 3H); °C NMR (CDCl;) &
184.6, 174.3, 146.6. 135.9, 134.3. 1293, 129.0. 1279, 61.9.
46.4, 30.0. 15.6; MS sz 395 (M™+1). 350. 294, 248, 220.
190.

Compound 12¢(Bis-Michael adduct): TLC R, 0.21 (25
% EtOAc in n-hexane). mp 121-126 °C: IR (KBr) 1718.
1664, 1458, 1381, 1176 em™: "H NMR (CDCls) 6839 (d,/
= 4.5 Hz. 1H), 7.66-7.60 (. 2H). 7.50-7.44 (m, 1H), 3.56-
3.49 (m, 1H). 3.28-3.19 (m. 1H). 2.89-2.77 (m, 1H). 2.24
(dd,/=6.0and 14.0 Hz. 1H), 1.76-1.60 (m. 1H), 0.91 (t,.J =
7.1 Hz. 3H). 0.76 (d. / = 7.0 Hz. 3H); >C NMR (CDCl;) §
184.8, 177.6, 146.3. 134.9, 134.4. 130.0, 128.9. 1288, 61.7.
50.5,46.9.37.4. 21.1. 15.2: MS m-z 423 (M™+1), 308, 234.
178,

Compound 12d(Bis-Michael adduct): TLC R, 0.21 (25
% EtOAc in ns-hexane). mp 173-175 °C: IR (KBr) 1712.
1663, 1602. 1325 cm™; 'HNMR (CDCl;) 68.41 (dd. /= 1.5
and 8.0 Hz. LH). 7.68-7.62 (m, 2H), 7.52 (t. / = 11.0 Hz.
1H), 2.58-2.49 (m, 2H), 1.78 (s. 3H), 1.69-1.61 (m. 2H): °C
NMR (CDCls) § 209.1. 184.9. 147.2, 135.0, 134.1, 129.5.
129.2 129.0. 127.6. 40.1. 40.0. 39.9, 31.4. MS m:z 333
(M*+1), 264. 246, 221.

Compound 12e(Bis-Michael adduct): mp 132-134 °C:
IR (KBr) 1707. 1659 cm™'; 'H NMR (200 MHZ: CDCl;) &
0.8] (t. /=73 Hz. 6H), 1.58-1.86 (in, 4H). 198 (q.J = 7.3
Hz, 4H), 2.51-2.60 (n, 4H). 7.49 (t, J = 7.9 Hz, 2H), 7.59-
7.70 (m, 4H), 841 (d. J = 9.1 Hz, 2H); *C NMR (50 MHz:
CDCls) 6 9.1. 37.4. 388. 40.1, 46.2, 127.7, 129.0, 129.2.
134.1, 136.0, 147.3, 185.0, 211.9: MS m/z 363 (M+1), 316.
278. 260.

Compound 12f(Bis-Michael adduct): A solution of
phenyl viny] ketone (prepared from 3-dimethylaminopropio-
phenone) (290 mg, 2.2 mmol). anthrone (194 mg, 1.0 mmol)
and sodium ethoxide (3 mg, 0.04 mmol) in ethanol (2.0 mL)
was refluxed for 3 h. The residue was chromatographed over
silica gel (2% EtOAc in benzene) to give 10.10-A/s-[(2-
benzovl)ethv1]-9(10)-anthracenone 12f (227 mg. 530%) as a
white solid.

TLC Ry 0.47 (25% EtOAc i xn-hexane); mp 180-184 °C:
IR (KBr) 1680, 1655. 1600, 1458. 1324 cm™: 'H NMR

Bull. Korean Chem. Soc. 2004, Vol. 25, No. 4 499

(CDCls) 8847 (d.J= 7.7 Hz. IH). 7.73-7.70 (m. 2H). 7.57-
741 (m, 4H), 7.33-7.26 (m. 2H), 2.83-2.75 (m. 2H). 2.27-
2.19 . 2H). *C NMR (CDCla) § 200.7. 185.5. 147.3,
138.0, 136.1. 134.7, 134.2. 130.0, 1294, 129.1, 127.7, 46.5,
40.9.35.1: MS m:z 446 (M*-12), 362. 337, 326. 305. 194,

Compound 12¢(Bis-Michael adduct): TLC Ry 0.15 (25
% EtOAc m #-hexane). mp 213-215 °C; IR (KBr) 2244,
1662. 1458, 1326 em™; "H NMR (CDCla) §8.45 (d.J =9.6
Hz. lH). 781 (t. J = 7.6 Hz, lH). 7.65-7.56 (m, 2H), 2.70-
2.62 (m. 2H). 1.65-1.56 (m, 2H): *C NMR (CDCl:) § 183.6.
143.7, 135.7. 1344, 1303, 1289. 127.1, 1199, 46.5. 41.8,
14.1; MS n1:2 248 [M™-532 (C;HaN)), 247. 207, 179. 152.

Compound 12h(Bis-Michael adduet): TLC R, 045 (25
% EtOAc m #-hexane). mp 210-212 °C; IR (KBr) 1663,
1600. 1447. 1304. 1152 em™; 'HNMR (CDCly) §8.34 (d.J
=94 Hz, 1H). 7.62-743 (m, 7H), 7.29-7.25 (m. 1H). 2.64-
2.55 (m. 2H). 2.27-2.17 (m. 2H): *C NMR (CDCl:) § 183.6.
144.0, 1399, 136.5. 1354, 1338, 1309. 1299. 12938,
1294, 126.7. 52.9, 45.4. 38.8.

Compound 12i(Mono-Michael adduet): TLC Ry 0.45
(25% EtOAc¢ m n-hexane); IR (KBr) 1734. 1665, 1601. 1314
em™: '"H NMR (CDCla) & 8.29-8.21 (m. 2H), 7.63-7.39 (m.
6H). 4.28 (d, J = 3.3 Hz. 1H). 2.70 (s, 3H), 2.61-2.54 (m,
LH). 2.43-2.31 (m. 1H). 2.06-1.94 (m. LH). 0.56 (d. /=69
Hz. 3H). “C NMR (CDCls) § 183.2. 174.6, 145.3, 143.3,
1352, 1347, 1343, 133.9. 1304, 1302. 1289. 12838,
128.6, 33.3.48.5,41.8. 40.1, 17.0.

Compound 12j(Mono-Michael adduct): TLC Ry 0.29
(10% EtOAc¢ mn benzene); mp 104-107 °C: IR (KBr) 1710,
1665. 1599. 1311. 1091 em™: 'H NMR (CDCl3) §8.32-8.26
(m. 2H), 7.69-7.44 (m. 6H), 4.56 (d. /= 3.3 Hz. lH). 4.17-
4.10 (m, 2H). 3.49 (s. 3H). 1.97-1.82 (m. 5H). *C NMR
(CDCls) 6 207.8, 186.4. 142.4. 134.5, 134.1, 131.1. 130.3.
1292, 129.0. 128.7, 85.1. 59.6. 46.0, 45.2, 32.6; MS mz 263
[M™-31(OCHS,)]. 248, 238. 195. 165.

Compound 12k(Mono-Michael adduct): TLC R 0.24
(10% EtOAc i #-hexane); mp 96-99 °C; IR (KBr) 1735,
1661. 1599, 1315 em™; "H NMR (CDCla) §8.25 (d.J = 8.0
Hz. 2H), 7.64-7.43 (m, 6H), 4.26 (d,J = 5.6 Hz, 1H). 2.55-
246 (m. 1H), 2.15-1.63 (m, 5H). 1.47-1.42 @n. 1H). “C
NMR (CDCl3) 6 218.2. 186.6. 144.5. 1439, 134.7, 134.6.
134.2, 134.0. 130.3. 130.0. 129.3. 129.2, 129.1, 49.7. 484,
44.4.399. 27.9. MS m.z 196 [M-80 (CsH,0)]. 166, 139,
115.82.

Compound 12I{Mono-Michael adduct): TLC Ry 0.18
(10% EtOAc 1n n-hexane); mp 128-130 °C; IR (KBr) 1702,
1663. 1600. 1464. 1315 em™; 'THNMR (CDCls) §8.25 (d.J
= 7.5 Hz. 2H), 7.61-7.38 (m, 6H). 4.20 (d. /= 3.6 Hz. 1H),
2.31-2.14 (m, 3H), 1.98-1.82 (m, 3H), 1.70-1.62 (m, 1H),
1.48-1.34 (m, 1H). 0.98 (dt. J = 3.3 and 12.2 Hz. 1H): °C
NMR (CDCl3) 6 212.1. 186.7. 143.9. 1434, 135.0, 134.1.
130.3, 130.2. 129.2. 129.1. 128.9. 128.8, 128.7, 50.2. 50.0,
46.9. 42.5. 292, 26.4; MS m.z 291 (M™+1), 232. 202. 195.
L65.
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