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Supporting Information: Experimental procedures and characterization of
16¢ and 17a-¢, and 'H NMR data for all compounds (40 pages).

1,8-Dimethoxy-3-methyl-9,10-anthracenedione (16c¢). To a solution
of chrysophanic acid 15¢ (300 mg, 1.2 mmol) in acetone (236 mL) were added K,CO,
(7.1 g, 51.4 mmol) and Me,SO, (0.59 mL, 6.2 mmol) under a nitrogen atmosphere at
rt. The reaction mixture was heated at reflux for 5h. After the solvent was
evaporated at reduced pressure, the residue was diluted with water and CH,Cl,. The
layers were separated and the aqueous phase was extracted with CH,Cl,. The
combined organic phase was dried over MgSO, and concentrated at reduced pressure.
Purification of the residue by flash column chromatography (AcOEt/hexane 1:1)
afforded 16¢ (333 mg, quant.) as yellow crystals. mp 202-203 °C (AcOEt). IR
(CHCl,) 1668 (ArCOAr) cm'. 'HNMR (CDCl,) 6 7.83 (1H, d, J=8 Hz), 7.65 (1H,
quint, J=1 Hz), 7.62 (1H, t, /=8 Hz), 7.29 (1H, d, J=8 Hz), 7.10 (1H, br s), 4.00 (3H,
s), 3.99 (3, s), 2.47 (3H, d, J=1 Hz). "“C NMR (CDCL,) & 184.4, 182.7, 159.7,
159.5, 145.1, 134.9, 134.6, 133.7, 124.1, 121.7, 119.6, 118.9, 118.7, 118.1, 56.5,
56.5, 22.2. HRMS: Calcd for C,H,,0, (M") : 282.0891, Found : 282.0885. Anal.
Calcd for C;H,,0, : C, 72.33; H, 5.00, Found : C, 72.14; H, 5.05.

1,8,9,10-Tetramethoxy-3-methylanthracene (17c¢). To a solution of
16c (765 mg, 2.7 mmol) and tetrabutylammonium bromide (174 mg, 0.54 mmol) in
THF (236 mL) was added a solution of Na,S,0, (2.83 g, 16.3 mmol) in H,O (24.7 mL)
under a nitrogen atmosphere atrt.  After stirring at the same temperature for 15 min,
6N KOH (10.3 mL) was added to the reaction mixture. After stirring at the same
temperature 5 min, Me,SO, (1.4 mL, 14.8 mmol) was added to the reaction mixture.
The mixture was stirred at the same temperature for 12 h and concentrated at reduced

pressure. The aqueous residue was extracted with CH,Cl, and the organic phase was
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dried over MgSO, and concentrated at reduced pressure. Purification of the residue
by medium-pressure column chromatography (AcOEt/hexane 1:3) afforded 17¢ (718
mg, 85%) as yellow crystals. mp 83-84 °C (AcOEt/hexane). IR (CHCL;) 3014,
2931, 2840 (Me) cm™. 'H NMR (CDCL,) & 7.82 (1H, dd, J=8.5, 1 Hz), 7.61 (1H,
quint, J=1.5 Hz), 7.36 (1H, dd, J=8.5, 7.5 Hz), 6.74 (1H, dd, J=7.5, 1 Hz), 6.61 (1H,
d, J=1.5 Hz), 4.03 (9H, s), 3.89 (3H, s), 2.52 (3H,d, J=1.5Hz). "“C NMR (CDCl,) &
157.6, 157.3, 151.0, 146.7, 135.7, 127.68, 127.65, 125.7, 118.5, 117.7, 114.5, 113.0,
106.9, 103.8, 63.6, 62.3, 56.30, 56.29, 22.5. HRMS: Calcd for C, H,,O, (M") :
312.1360, Found : 312.1370. Anal. Calcd for C,;H,,O,: C, 73.06; H, 6.45, Found :
C, 72.77; H, 6.48.

1,8,9,10-Tetramethoxyanthracene (17a). According to the literature,?
compound 17a was obtained from 15a in 70% yield as a yellow solid. IR (CHCL,)
3016, 2957, 2936, 2837 (Me) cm™”. 'HNMR (CDCL,) & 7.85 (2H, dd, J=8.7, 1 Hz),
7.38 (2H, t, J=7.6 Hz), 6.78 (2H, d, J/=7.3 Hz), 4.04 (9H, s), 3.90 (3H, s). HRMS:
Calcd for CH;;O, M") : 298.1204, Found : 298.1220.

1,4,9,10-Tetramethoxyanthracene (17b). According to the literature,
compound 17b was obtained from 15b in 60% yield as yellow crystals. mp 154-157
°C (AcOEt/hexane). IR (CHCl,) 2936, 2837 (Me)cm'. 'HNMR (CDCL,) § 8.35
(2H, AA’BB’, J,z=10 Hz, J,5=3.2 Hz), 7.51 (2H, AA’BB’, J;,=10 Hz, J;,.=3.2 Hz),
6.68 (2H, s), 4.01 (6H, s), 3.99 (6H, s). HRMS: Calcd for C,;H,;0, (M*) : 298.1204,
Found : 298.1205. Anal. Calcd for C;;H,;,0,: C, 72.47; H, 6.08, Found : C, 72.43; H,
6.12.
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KPNN-3732 M m
H-1 819 E
<lm d
exps pulse sequence: stdih LJ
SAMPLE DEC. & VT
date Jun 6 96 dn M1
solvent cDC13 dof 0 N
file exp dm nnn N
ACQUISITION dom [+ o o
sfrq 499.821 dmf 200 5]
tn H4 dpwr 36 o~
at 3.7582 PROCESSING L
np 60032 wtfile
4] 8000.0 proc ft
fh 4400 fn not used
bs 32 math f -
thwr 61
pw 8.0 werr
di 0 wexp wft
tof 1000.0 wbs wit
ont 4 wnt wit
ct 4 DISPLAY
alock n sp -0.0
gain 13 wWp 4999,2
FLAGS vs 357
11 n sc 0
in n we 400
dp y hzmm 12.50
hs . nn is 1942.86
rfl 500.0
rfp 0
th 42
ins 1.000
nm cdc ph
jpu—
ﬁ % N
G L N
T T l T T T T I T T T T . T T 4 T H T T l T i T i T T 1 H T T T T
9 8 7 6 5 4 3 2 1 ppm
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SPECTRAL LINES FOR TH= 11.48 R
RFL=  400.4 RFP= e

INDEX FREQ PPM  INTENSITY )
81  1574.81 7.875 25.533 5
82 1573.84 7.878  25.089 g
83 1566.1@ 7.831 31.824

@4 1565.13 7.827 31.72) f

85 1484.14 7.422  28.881
@8 1478.57 7.384  33.483
87 1475.38 7.378 24,428
@8 1457.81 7.340  25.259
88 1451.82 7.260 17.325
12 1359.31 6.797 23.288
1t 1351.88 6.761 20.366
12 8@7.78 4.039 421.391
t3  791.88 3.98@ 31.882
14 78@.85 3.904 177.442
+ 15 286.49 1.432 13.496
te 0.24 2.84E-4 178,742
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KPNM~-3879 obhédo
H-1 Spd8
. rind @
exp3 pulse sequence: stdih Lk)
SAMPLE DEC. & VT
date Nov 25 87 dn H1
solvent CDC13 dof 0
file exp dm nnn
ACQUISITION dmm c
sfrqg 499,921 dmf 200
tn H1 dpwr 3s
at 3.752 PROCESSING
np 60032 wtfile
sw 8000.0 proc ft
fb 4400 fn not used
bs 32 math f
tpwr 60
pH 4.0 werr
di 0 wexp wft
tof 1000.0 wbs wft
nt 8 wnt wft
ct 8 DISPLAY
alock n sp -0.0
ga¥n not used wp 4999.2 .
FLAGS vs 207
il n 8c 0
in n wc 400
dp y hzmm 12.50
he nn is B815.58
rfl 499.1
nfp 0
th 42
ins 1.000
nm cdc ph
»
L,I.J 5, J A -
T T T 1 l 3 T T I l ) T 1 1 l 1 1 T T l I T l 1 T T 1 ] T 1] T l T T T T l T T T I T T
9 8 7 6 5 4 3 2
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“w [
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KPNN-3738 ° ©
= g 2
1 ne tdih P -
uence: 8
expil pulse seq ! ;J
SAMPLE DEC. & VT =~ »
date Jun 143 86 dn M1 “t o
80lvent CbC13 dof [0} ik
file exp dm nnn
ACQUISITION dmm c
sfrg 499.821 dmf 200
tn Hi dpwr 34
at 3.752 PROCESSING
np 60032 wtfile
8w 8000.0 proc ft
fb 4400 fn not used
bs 32 math f
tpwr 58
pw 7.0 werr
gl 0 wexp wft
tof 1000.0 wbs it
nt 4 wnt Wit m
et 4 DISPLAY &
alack n sap -503.4 r},
gain not used wp 8000.0 . *
FLAGS ve 199 - ;
i1 n sc 0 e
in nowc 400 ~
dp Y hgmm 3.74 3
hs nn s 6290.54 5]
Rf1 503.4 ; o -
rfp 0 | ’
h 42 X
ns 1.000 :
m cde ph
e |-
p— -
— , o I
N A e -m.L_-J»—
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KPNN-3737 o~ @
H-1 Nd &
exp4 pulse sequence: stdih mHj) m
SAMPLE DEC. & VT

date Jun 43 96 dn Hi
8alvent cDhC13 dof ¢}
file exp dm nnn

ACQUISITION dmm c
8frq 499.921 dmf 200
tn H1 dpwr 34
at 3.752 PROCESSING
np 60032 wtfile
-1 8000.0 proc ft
b 4400 fn not used
bs 32 math f 8
tpwr 58 =
pw 7.0 werp o
di 0 wexp wft
tof 1000.0 wbs Wit
nt 4 wnt wft
ct 4 DISPLAY
alock n sp 0.0
ghin 19 wp 6748.7 *

FLAGS vs . 192

11 n sc 0
in n we 400
dp y hzmm 19.04
hs nn is 651.52

© rfl 503.2

@ rfp 0

o th a7

ins 1.000
nm cdc ph |~
L~ —
— .-_____J sl PN
. R T TR .

[ T T T L I T T T 1 l T T T ¥ [ T T T T l ¥ H T T | T T T T l 1 T T T ' T T T T ! T 3 T T H T T T T T T T T T T H T T ‘I T T T ¥
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e T
P
exp5 pulse sequence: stdih mkm)m
SAMPLE DEC. & VT
date Jul 1 86 dn Hi
solvent €ocl3 dof 0
file exp dm nnn
ACQUISITION dmm c 1
sfrq 499.921 dmf 200
tn Hi dpwr 36
at 3.752 PROCESSING (
np 60032 wtfile
8w 8000.0 proc ft
fh 4400 fn not used
bs 32 math f
tawr 60
pw 4.0 werr a
d4 0 wexp wft o
taof 1000.0 wbs Wit o
nt 8 wnt wft
ct 8 DISPLAY
+alock n ap -0.0 .
gain not used wp 4899,2 @
FLAGS vs . 262 a
i1 n s8¢ 0 <
in n wc 400
dn y hzmm 12.50
he nn is 1500.00 r
rfl 497.8
rfp 0
th 42
ins 1.000
nm cdc ph
4 p
| J .\ | §
T T T T ) ] { T T l T T T T | T T 1 T ] T T T T ] 1 T T T l 1 T T T ‘ j T ] 1 I T T T T l T T T !
9 8 7 B 5 4 3 2 1 ppm
Nucieus H1 Freg 498.9214  \uy Nockeos Hi Offsat 0 w ; pynot used x pe w CD o Puise Secy s2pul SAMPLE OMe O OMe Foariser
é- Sooc. Wicth,_B000.0 1 Oee . 2000.0 e E Mode nnn Powec MOt used g ot used .ngs used .. cep E Tube Q0. o KPNN-3743 O e 8xp
3 8 E H-1 _
E g Tera_3:752 poe  patay 0 e § Moduiation: Mode [ Freq, 200 E Wi 49992 jo/om St =00 io/pom E T not used s O MeQ Me e Jul 186
a N = — ————. s Lt (Sl
ploe Wi 4:0 g0 Tooses.— 8 Puise WA ioec  Poveer Mode 35 = “| sova___c€OC13 CoaMe - 500
24

NO 897260 J Varian Japan Lid. &




KPNN-3742 I I
H-t REE
o om
expi pulse sequence: stdih k )
SAMPLE DEC. & VT
date Jul 186 dn H1
splvent CDC13 daf 0
file exp dm nnn
ACQUISITION dmm c
8frq 499.921 dmf 200
tn H1 dpwr 36
at 3.752 PROCESSING
np 60032 wtfile
1% 8000.0 proc ft o
fb 4400 fn not used ]
be 32 math f o
tpwr 60 I
pw 4.0 werp
d1 0 wexp wft
tof 1000.0 wbs wft
nt 8 wnt Wit b
ct i B DISPLAY 0 2
alock i n osp -0.0 w n .
gain 0 wp 4999.2 Lj H
FLAGS vs 305
il n sc 0
in n wc 400
dp y hzmm 12.50
he nn is 933.85
rfl 496.6
rfp 0
th 42
ing 1.000
nm cdc ph
!
. A
), 1 | JL A l J
T T 1 T [ T 1 T { I T T 1 1 I T T i T T T ] T T T I T T T I T 1 T | T T T T I 1 T 1 T
9 8 7 5 4 3 2 1 Fpm
Macies Hi Freg_ 499.9214 Nucieus H1 Offsat 0 a ot used ¢ pe w0 D - Puise S a2pul SAMPLE OMe O OMe Norrber
| gpec Wi B0Q0.0 b o 2000.0 4 E Mode finn Powec__ NGt used g lehot used .ngs used .. con ’;-‘ Tube O o :P?N—SHE O O File exp
g b Tiew— 3:752 g0 gy 0w § Mde_C _  Freq 200 E wion_4999-2 w/pom s 700 1/pom E Torp__NOt used e OMe Me Dae__Jul 1 S8
a > = MeQ,C
Puise Width 4:0,0c  Transens 8 Puise Wi~ s Power Mode 36 E i oot cocl13 - 500
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KPNM-3746
H-4

exp5 pulse sequence: stdih

\~3.585

SAMPLE DEC. & VT
date Jul 15 96 dn H1
8glvent CcDC13 dof 0
file exp dm nnn
ACQUISITION dmm c
8frq 499.921 dmf 200
tn Hi dpwr 36
at 3.752 PROCESSING Lo
np 60032 wtfile N
8w 8000.0 praoc ft o |
£h 4400 fn not used k
bs 32 math f {
tpwr 60
PH 4.0 werp
di 0 wexp Wit
tof 1000.0 wbs wit
nt B8 wnt wft
ct 8 DISPLAY
alock n s8p -0.0 .
gain 14 wp 4898,2
FLABS v8 374
il n sc 0 0
in n wc 400 N © @
dp y hzmm 12.50 9 < -
he nn is 14825.149 i <
rfl 503.0 &
rfp 0 o
th 42 h
ins 1.000
nm cdc ph
B o
|
- -
T T 1 T [ T T T I T 1 1 I T 1 I I T i I T L) T T I T 1 1 l T T T i | 1 T T 1 I T T T T l
9 8 7 B 5 4 3 2 1 ppm
Nuclews Hi Frog 499.9214 Nocleuss Hi Offset, 0 = ot used x g % (D e Puise Sequenc¥2DU1 sawpLe MeQ (o] OMe Mumber
gl s wian 8000-0 oy 10000 % wear_DO Powec_ 7Ot USEd o | a0t used ygp used wc o § Tube OD. - KPM-3748 O O P BXD
£ = -
B roo w3752 0w ok Fm 200 4 E| won 49992 g s 00 hegon 5| Terp DO used v MeO CHpBr  Dw_Jul 15 96
™
Pise With—— 4:0 e Transions 8 Pl WA umc Powechode— 38 “| s __CBC13 CZ;MQ p R
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KPNN-3768 < bW )
H-1 S S e
~ N~ ~
exp3 pulse sequence: stdih ky
SAMPLE DEC. & YT
date pct 30 96 of Hi
solvent cbc13  dof 0 @
fils exp dm nnn 9
ACQUISITION dmm c ~ o
8frq 4g9.821 dmf 200 K ]
tn H1 dpwr 36 ) o
at 3.752 PROCESSING T pid
np 60032 wtfile .
&W 8000.0 proc ft T
fb 4400 fn not used
bs 32 math £
tpwr - 80
pw 4.0 werp
di 0 wexp wft
tof 1000.0 wbs wit
nt 32 wnt wft
ct 32 DISPLAY
alock n sp -0.0
gain 9 wp 4999.2
FLABS vs 253 .
i1 n sc -« 0 ’
in n wc 400
dp y hzmm 12.50
he nn is 1159.96
rfl 505.4
rfp 0 /
th 100 !
ins 1.000 i
nm cdec ph 4
| — /
. ;
%
| —
— ] — __.-/_//f—__/— e .
¥ T T T l T T T T l T T T T [ T T 3 T I T T T T l T T T T I T T T T l T T T T l T T T 1 I T T T T
9 8 7 B 5 4 3 2 1 pom
[
Mociwn . Hi  Freq._499.9214 Mk Mclos_ . HL o 0 W @) FNOOL umed K FE s CD e Puise $20u] SAMPLE Mumber
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KPNN~3794 o
H-1 g
exp5 pulse sequence: stdih "g
SAMPL.E DEC. & VT
date Feb 18 97 dn H
solvent CDC13 dof g
file exp dm nng
ACQUISITION dmm ,E °
sfrq 499.921 dmf 200 N
14)] H1 dpwr 3g I 9 -
at 3.752 PROCESSING < 5
np 60032 wtfile < T <
-] 8000.0 proc ft S
fb 4400 fn not used <
bs 32 math f
tpwr 60
o 4.0 werr
d! 0 wexp nft
tof 1000.0 wbs Wit
nt 16 wnt Wit
ct 16 DISPLAY
alock n sp -0.0 .
gain not used wp 4998.2
FLAGS vs 464
i1 n sc 0
in n wc 400
dp y hzmn 12.50
hs nn is 1721.87
rfl 510.8
rfp [
th 93
ins 1.000
nm cde ph
2
v
= -
A
T T T T I T T T T l T T T T | T T T T I T T T T | T T T 1 | T T T T | T T T T l T T T T I T T T T i
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KPNN-3801
© © o o o
exp3 pulse sequence: stdih L| L %
SAMPLE DEC. & VT |
date Mar 24 97 dn Hi
80lvent CD30D dof -56.8
file exp dm ynn
ACQUISITION dmm c -
Bfrq 499.923 dmf 200 =
tn Hi1 dpwr 32 o
at 3.752 PROCESSING J
np 60032 wtfile
B 8000.0 proc ft
fb 4400 fn not used
bE] 16 math f
tpwr 60 o
bl 4.0 werpr ]
1 3.000 wexp wit @
tof 1000.0 wbs wft /
1t 100000 wnt wft
at 48 DISPLAY
2lack n sp -0.0 .
jain 47 wp 4989.2
FLAGS vs . 5449
il n sc o] [iy]
in n o wc 400 o 2 &
ip y hzmm 12.50 = o ~ N -
18 nn  is 4064.13 & - © o
rfl 503.9 r' J /
rfp 0 L
th 42
ins 1.000
nm cdc ph
"
I ~ , Vs > /// _
T 1 i l 1 T T T l 1 T 1 1 l 1 T T 1 l T T T [ [ I i T T I 1 ) I T [ T T 1 T ] T T T T T T T T T
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