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Abstract. Acid promoted ring opening of lo,40.4a0,90-tetrahydro-23-38-epoxy-1,4-methanoanthra-
cene-9,10-dione and the corresponding 2-methyi derivative (i.e., 3a and 3b, respectively) afforded 4a and
4b in 26% and 49% yield, respectively. Similar results were obtained when a solution of either 3a or 3b
1n aqueous acetone was reacted with NapCQOj3 at ambient temperature | tor 2 d; ays. However, reaction of 3b

1 aquRCOs atailiin

with aqueous methanolic NaOH (ambient temperature, 7 days) produced a small quantity of 4b along with
a novel pentacyclic diketone, 6b (44% vyield). Finally, acid promoted ring opening of la,4a-dihydro-
4aa,9an-epoxy- 1, 4-methanoanthracene-9,10-dione (12) resulted in extensive skeltal rearrangement of the
substrate, thereby affording 14 in low yield. © 1998 Elsevier Science Ltd. All rights reserved.

heterocyciic compounds that are of intense current interest as synthelic intermediales {or use in, e.g., the pre-
paration of complex natural products and as substrates for mechanistic investigations.! Pursuant to our long-
standing interests in the synthesis,2 chemistry,3 and structural aspects® of polycarbocyclic oxirancs, we have un-
dertaken the synthesis of several oxiranc derivatives of 1,4-mcthano-9,10-anthraquinones, and we have investiga-
ted acid- and base-promoted ring opening of some of the polycyclic epoxides thereby obtained.

Results and Discussion. Diels-Alder cycloadditions of cyclopentadiene (1a) and of methyleyclopen-

tadienes (1b) to 1,4-naphthoguinone afford a synthetic entry into the 1.4-methano-9,10-anthraguinone ring sys-
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tem, 2 (Scheme 1). Thus, Diels-Alder cycloaddition of 1a to 1,4-naphthoquinone affords 2a in good yield.®
> [=

Thermal cycloaddition of 1b (oblame as a 60: 40 mixture of 1-methyl and 2-methylcyclopentadiene via thermal
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2¢, from which 1somerically pure 2b couid be 1solated
Experimental Section).
Subsequent MCPBA -promoted epoxidation of the norbormene C=C double bonds in 2a and 2b afforded
3a and 3b, respectively. When either a CH3CN solution of 3a or a CH>Cl3 solution 3b was stirred with TsOH
(or with excess MCPBA) at ambient temperature for 2 days, ring opening occurred in each case, thereby alfording

4a and 4b, respectively (Scheme 1). Interestingly, the corresponding reactions of 3a and 3b with Na»CO3-
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acetone ai ambient i H]pﬂf’dlUlC for 2 (.ldyS aiso pro- duced 4a and 4[) lCSpCL[l\’Cly DUD\CQUEHI reaction Ol 4a with
AcCi-Ei3N afforded the corresponding O-acetyl derivative, 8. The structures of both 4a and 5§ were established
unequivocally via application of X-ray crystal-lographic methods. By way of contrast, the corresponding reaction
of 3b with aqueous methanolic NaOH at ambient temperature for 7 days led to the formation of 4b accompanied
by another product, i.e., 6b, in 44% yield (Scheme 2). The structure of 6b was established unequivocally via
application of X-ray crystallographic methods.

Mechanistic Suggestions and Supporting Evidence. A plausiblc mechanism that is capable of ac-

counting for the formation of 4a and 4b in the foregoing reactions is presented in Scheme 3. A key feature com-

J
naphthalene-contammg intermediate that is capable of intramolecular participation during subsequent ring opening
1 ide iu

unctionality in 3a and 3b.

Scheme 1
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The fact that an OMe group is incorporated into one of the products, 6b (Scheme 2), when 3b is reacted

with aqueous methanolic NaOH suggests that oxidation of the substrate has occurred at some stage of this reac-

tion. In an effort to gain additional ingight into the mechanism of formation of 6h, a control gx.npnment was
L=
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respectively, each of which was oxidized subsequently to the corresponding norbornene-annulated 1,4-naphtho-

Scheme 2
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Scheme 3
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quinone (i.e., 8a and 8b, respectively, Scheme 4). MCPBA -promoted oxidation of the norbornene C=C double
bonds in 8a and 8b afforded the corresponding oxiranes, 9a and 9b, respectively. Finally, reaction of 9b with
aqueous methanolic NaOH produced 6b in 46% yicld, a result that is consistent with the postulated intermediacy
of 9b in the corresponding rcaction of 3b with aqueous methanolic NaOH (vide supra).

The corresponding reactions of 9a and 9b with NaOH in aqueous THF proceeded in similar fashion to
AFEred 10n and 106 cocmertively Thae o e f 10K o actahlichad ynamnivioeall vl nof W
atford 10a and 10b, respectively. 1ne stiucture of 100 was estaoiisned unequivocanly via appiication of X-ray

1

crystaliographic methods. Compound 10a was further characterized via its conversion into the ¢

O

orresponding b
(O-acetyl) derivative, 11a.

Synthesis and Acid-promoted Skeletal Rearrangement of lo,4a-Dihydro-4ac,9ac-epoxy-
1,4-methanocanthracene-9,10-dione (12). Air oxidation of 2a, when performed in aqueous methanolic
NaOH, afforded 8a in low yield (8%) along with two isomeric oxiranes, i.e., 128 and 138 (62% yield, product
ratio 12:13 = 4.4:1; see Scheme 5). Isomerically pure 12 could be isolated via fractional recrystallization of the
mixture of 12 and 13 thereby obtained from CH,Cl»>-hexane.

Subggque ntly, a CH»Cls solution of 12 that contained a small quantity of TsOH was refluxed for 6 days.
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Workup of the reaction mixture alforded 14 (12% yield; see Scheme 5), which clearly had resulted via extensive,
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X-ray crystallographic tcchniques. A plausible mechanism that is capable of accounting for the formation of 14 in

this reaction is presented in Scheme 6.
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N | Nl
A | H\L//O KouBu A S5O oncnay

: on

N\ 2 NH,C \ \ or Ag,0, benzene
or aqueous HC1 HO

\J

O
2a(X=H) 7a (X =H)
2b (X = CH3) 7b (X = CHa)
A ) ) HC A OCH,
. 3
I\ o N AN 0 LN AN | fo)
A UatR el 2 Vatr _&A /X
x¥ 7 4 EE———" A
: X
\ CH,Cl, X \ aqueouns McOH \
o \__/ 05°C 0 \__/ 25°C 0 _
8a (X =H) 9a (X =H) 6b (X =CHa)
8b (X = CHj) 9b (X = CHj)
NaOH
aqueous THF

iia (X = H)

i0a (X=H)
10b (X = CH3)
Scheme 3

A
0

Ay . )
)—( \ ,:\-<=/\\

H \\ aqueous ) ( N

0

\ / MeOH
i2 i3

2a
(continued on next page)



A. P. Marchand et al. / Tetrahedron 54 ( (1998) 4459-4470 4463

H :
A 0 o x
TsOH, CH,Cl, , I
v
T ~
\,_/_\\‘ reflux 6 days k /( T

12 14

Scheme 6

H

Ao 9
Lhe o APs AN SN
A7~ =24 S 2N — XTI ==

OH=\> w U “/n 8

Experimental Section

Melting points are uncorrected. Elemental microanalysis were performed by personnel at personnel at M-
H-W Laboratones, Phoenix, AZ.

2-Methyl-1a,40,4a0,9a0-tetrahydro-1,4-methanoanthracene-9,10-dione (2b). A solution of
naphthoquinone (71 g, 0.45 mol) in CH_ OH (700 mL) was pre-cooled to 0-5 °C via application of an external ice-
water bath. To this cooled solution was added dropwise {resh-cracked methylcyclopentadiene? (1b, mixture of 1-
methyl- and 2-methylcyclopentadiene”, 40 g, 0.50 mol) in such a manner that the temperature of the reaction
mixture remained below 10 °C. After all of the methylcyclopentadiene had been added, the reaction mixture was
stirred at 0-5 ©C for 3 h. The ice-water bath was remaoved, and the reaction mixture was allowed to warm to ambi-
ent temperamre The reactlon mixture was concentrated in vacuo to afford first batch crude produu (56 g). The

PRSP | g I HUPPUS, SRR GRpRIRI JR P l- Q& s mmllamtad A mnlaicio
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roduct thus aobtained indicated that it consisted of two isomeric product
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1d 2¢ [product ratio of 2b : 2¢ = 4 : 1; total yield 64.5 g (60%)]. Fractional recrystallization of this crude
mn(ture of 2b and 2¢ from EtOAc-hexane atforded pure 2h as a colorless microcrystalline solid: mp 127-128
°C; IR (KBr) 2941 (w), 2978 (w), 2874 (w), 1685 (s), 1604 (m), 1269 c¢m-! (s); IH NMR (CDCl3) § 1.39(d, J =
1.2 Hz, 3 H), 1.48 (AB, Jop =8.4 Hz, 1 H), 1.53 (AB, JaAp=84Hz, 1 H),3.32-3.53 (m,4 H), 542 (brs, 1 H)
7.57-7.72 (m, 2 H), 7.90-8.04 (m, 2 H); 13C NMR (CDCI3) 8 16.6 (q) 49.4 (d), 49.5 (1), 50.3 (d), 50.8 (d), 54.7

(d), 126.5 (d), 126.6 (d), 127.9 (d), 133.8 (d), 134.0 (d), 135.7 (s), 135.8 (s), 145.8 (s}, 197.6 (s), 198.1 (s);

Anal. Calcd for C16H1402: C, 80.65; H, 5.92. Found: C, 80.64; H, 6.01.

la,40,4a0,9aa-Tetrahydro-23-33-epoxy-1,4-methanoanthracene-9,10-dione (3a). A solu-
tion of 2a10 (250 mg, 1.12 mmol) in CH2Cl2 (25 mL) was precooled to 0-5 °C via application of an external ice-
waltcr bath. MCPBA (530 mg, 1.42 mmol) was added portionwise, and the resulting mixture was stirred at 0-5 °C
for 4 h. The reaction mixture then was diluted with CH,Cl; (50 mL), and the 1esullmg mixture was washed

an ) b ITY N =T\ TL i Toierme tirao deiad IAASCTM N
sequentially with saturated NaHCO3 (3 x 10 mL) and water (2 X 10 mL). The organic layer was diied (MgSOg)
and filtered, and the filtrate was concentrated in vacuo. The residue thereby obtained was recrystallized from

1
exane. Con nd 3a (196 7o) wa fherebv obtained as a color-less microcrystalline solid: mp
138-139 °C: IR (KBr) 3004 (w), 2980 (w), 2854 (m), 1680 (s), 1585 (m), 1267 (m), 1225 (m), 1028 (m), 737
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cm-! (m); 1H NMR (CDCl3) 3 0.89 (AB, Jap = 103 Hz, 1 H), 1.47 [(AB) Jop = 103 Hz, J = 1.4Hz, 1 H],
2.92 (s, 2 H), 3.24 (s, 2 H), 3.27 (d, J = 1.4Hz, 2 H), 7.64-7.73 (m, 2 H), 7.95-8.03 (dd, J = 5.8 Hz, 3.4 Hz, 2
H); 13C NMR (CDCly) 8254 (1), 42.7 (d), 48.7 (d), 49.9 (d), 126.9 (d), 134.5 (d), 135.9 (s), 196.9 (s). Anal.
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Caled for CysH1203: C, 74.99; H, 5.03. Found: C, 75.23; H, 5.16.

2-Methyl-10,40,4a0,9a0-tetrahydro-23-33- epoxy-1,d-methanoanthracene-9,10-dione

(3b). A soluuon of 2b (310 mg, 1.22 mmol) in CH5Cl, (20 mL) was pre-cooled to 0-5 °C via application of an
external ice-water bath. MCPBA (600 mg, 1.60 mmol) was added portionwise, and the resulting mixture was
stirred for 3 h. The reaction mixture then was diluted with CH2Cl, (50 mL), and the resulting mixture was washed
scqucmidiiy with saturated NaHCOs3 (5 x 10 mL) and water (3 x 10 mL). The organic layer was dried (MgSOy)
and filtered, and the filtratc was concentrated in vacuo. The residue meleoy obtained was recrystallized from
EtOAc-hexane. Compound 3b (282 mg, 85 %) was thereby obtained as a colorless microcrystalline solid: mp
149-150 °C; IR (KBr) 2985 (w), 2837 (m), 1691 (s), 1601 (m), 1274 (m), 748 cm-! (m); 'H NMR (CDCIl3) 8
0.88 (AB, Jap = 10.1 Hz, 1 H), 0.98 (s, 3 H), 1.67 (AB, Jog = 10.3 Hz, 1 H), 2.90 (s, 1 H), 3.06 (br s, 1 H),
3.22-3.37 (m, 3 H), 7.68-7.80 (m, 2 H), 8.02-8.17 (m, 2 H); 13C NMR (CDCI3) & 16.1 (q), 28.3 (1), 43.9 (d),
48.1 (d), 48.6 (d), 50.5 (d), 50.6 (d), 55.7 (d), 126.9 (d), 127.0 (d), 134.5 (d), 134.6 (d), 135.2 (s), 135.6 (s),
196.9 (s), 197.6 (s). Anal. Calcd for C1gH1403: C, 75.57; H, 5.55. Found: C, 75.66; H, 5.45.

(1R, 28, 11R, 12R, 13R, 148)-13- hydrg)‘rypentagvc!el’1(’\_2.2_(’\2 11 02,14 04, 9}pen!ade=
ca-4(9),5,7- trlene 3, 10 dlone (43) Method A. A solution of 3a (640 mg, 2.67 mmol) in CH3CN (150

mL) was stirred under argon atmosphere in presence of p-toluensulfonic acid (TsOH, 50 mg, catalytic amount) at
ambient temperature for 2 days. The reaction mixture then was concentrated in vacuo. The residue was dissolved
in EtOAc (50 mL), and the resulting solution was washed sequentially with saturated NaHCO3 (2 x 5 mL) and
water (2 x SmL). The orga.m'c fayer was dried (MgS0Oy) and fiitered, and the filtrate was concentrated in vacuo.
The residue was purified via column chromatography on silica gel by eluting with 25% EtOAc-hexane. A
colorless solid (440 mg) that consisted of 4a and another unidentified product was thereby obtained. Tlc analysis
of this product mixture indicated that 4a was the major component of this mixture. Fractional recrystallization of
this mixture from acetone-hexane afforded pure 4a (165 mg, 26%) as a colorless microcrystalline solid: mp 181-
182 °C; IR (KBr) 3300 (br, m), 2934 (w), 2847 (m), 1686 (s), 1588 (m), 1260 (m), 1236 (m), 751 cm-! (m); H
NMR (CDCl3) & 1.73 [t((AB), Jap = 11.9 Hz, ] = 1.4 Hz, 1 H], 1.94 (br s, disappears when sample is shaken
with DO, 1 H), 2.03 (AB, Jap = 11.9Hz, 1 H), 2.08 (d, /= 5.4 Hz, 1 H), 2.63 (dd, J = 5.2 Hz, 0.8 Hz, 1 H),

’)’71/krn 1IN 20Q0/d T— 1A 1 I ANT /¢ T 1 & L1, 1 'IL’I778/.<’)LI\ TO22 . QN1 (enn ILI\

-1 \UL D, L M1), 2.7 (U, J = L. UTIL, 111}, 94U/ (LJ = 1.011L, 1 11) FOr- Ui, 2 ny, 7.70-0.Ul \ill, 1 11),
R.05-8.12 (m, 1 H); 13C NMR (CDCl3) 8 26.7 (d), 28.0 (1), 30.3 (d), 36.7 (s), 38.9 (d), 52.8 (d), 76.0 (d), 126.2

(d), 126.9 (d) 133. 9 (d), 134.0 (d), 135.9 (s), 136.2 (s), 193.3 (s), 196.6 (s). Anal. Caled for C15H;203: C,
74.99; H, 5.03. Found: C, 74.74; H, 5.25. The structure of 4a was established unequivocally via application of
X-ray crystallographic methods (vide infra).

Meihod B. To a solution of 3a (120 mg, 0.50 mmol) in acetone (20} ml.) was added 3% aqueouq
NazC03 (10 mL), and the reaction mixture was alilicu under argon atmosphere at ambient temperature for 1 day.
The reaction mixture then was concentrated in vacuo, and the residue was dissolved in EtOAc (25 mL). The
resulting solution was washed with water (4 x 5 mL), dried (MgSQ4), and filtered, and the filtrate was con-
centrated in vacuo. Recrystallization of the mixture thus obtained from acetone-hexane afforded a colorless solid
(92 mg) that consisted of 4a and another unidentified product. Tlc analysis of the mixture thus obtained indicated

that 4a is the major component of this mixture.

(1R, 28, 118, 128, 148, 158)-15-hydroxy-1-methylpentacyclo[10.2.1.02,11,¢2,14 04,9].
pentadeca-4(9) 5,7-triene-3,10-dicne (4b). Method A. A solution of 2b (330 mg, 1.39 mmol) 1n

CH;Cl2 (50 mL) was pre-cooled to O °C via application of an external ice-water bath. To this cooled solution was
added MCPBA (650 mg, 1.73 mmol) portionwise with stirring, and the resulting mixture was stirred at 0-5 °C for
3 h. The external cold bath was removed; the rcaction mixture was allowed to warm gradually to ambient tem-
perature and then was stirred at that temperature for 2 days. The reaction mixture then was concentrated in vacuo,
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and the residue was dissolved in EtOAc (50 mL). The resulting solution was washed sequentially with saturated
NaHCO3 (5 x 5 mL) and water (2 X 5 mL). The organic layer was dried (MgSOy) and filtered, and the filtrate was
concentrated in vacuo. The residue was purified via column chromatography on silica gel by eluting with 20%
EtOAc-ligroin. Pure 4b (172 mg, 49%) was thereby obtained as a colorless microcrystalline solid: mp 185-186
°C; IR (KBr) 3433 (br, m), 2955 (w), 2876 (w), 1687 (s), 1591 (s), 1240 (m), 1060 cm-1 (m); 'H NMR (CDCls)
3 1.17 (s,3 H), 1.54 (AB, Jog = 9.0 Hz, 1 H), 1.63 (br s, disappears when sample is shaken with D20, 1 H),
2.24 (AB,Jap=9.0Hz, 1 H), 236 (brs, 1 H), 2.69 (brs, 1 H), 2.99(d, J=1.5Hz, 1 H), 402(d,J=15Hz, 1
H), 7.67-7.78 (m, 2 H), 7.92-8.02 (m, 1 H), 8.07-8.17 (m, 1 H); 13C NMR (CDCl3) 8 7.9 (q), 27.7 (d), 31.2 (1),
39.1 (d), 40.0 (s), 40.8 (s), 53.3 (d), 77.1 (d), 126.2 (d), 126.8 (d), 133.8 (d), 134.0 (d), 136.6 (s), 136.7 (s),
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8 (s), 197.7 (s). Anal. Calcd for C16H1403: C, 75.57; H, 5.55. Found: C, 75.35; H, 5.80.

Method B. To a solution of 3b (70 mg, 0.26 mmol) in acetone (10 mL) was added 10% aqueous
NayCO3 (5 mL), and the resulting mixture was stirred under argon at ambient temperature for 2 days. The reaction
mixture then was concentrated in vacuo. The residue was dissolved in CH»Cla (20 mL), and the resulting solu-
tion was washed with water (4 x 5 mL). The organic layer was dried (MgSOy) and filtered, and the filtrate was
concentrated in vacuo. The residue was purified via column chromamuaphy on silica gei by eiuting with 20%
TIeaNA - L Ny [ P SNPRY Se |

CLIUAC- lledllL 1"\ LUIUHCbb ’SUIIU \JU lllb) Wads lllLlLU\! UUkAlIlLU as a llll\lulb Ul ‘fl) dllU dllUlllLl UlllUCllllllCU
product. Tlc analysis of the mixture thus obtained indicated that 4b is the major component of this mixture.

(1R, 28, 11R, 12R, 13R, 145)-3,10-dioxopentacyclo[10.2.1.02.11,02,14, 049 pentadeca-
4(9),5,7-trien-13-yl acetate (5). A solution of 4a (57 mg, 0.24 mmol) and Et3N (0.30 ml, 2.1 mmol, ex-
cess) in dry THF (10 mL) were precooled to 0-5 °C via application of an external ice-water bath. To this cooled
solu-tion was added dropwise with stim’ng a solution of acetyl chloride (0.10 ml, 1.2 mmol, excess) in dry THF

1 =T\ The oy r st than ean ciad at (LS O far A Thich tinaa tha stear hath wag rem
I mL). The resulting mixture then was stirred at 0-5 °C for 4 h, at which time the ice-water bath was removed.

h
continued overnight. The reaction mixture was concentrated in vacuo, and the residue was dissolved 1n CHgCl;
(20 mL). The resulting solution was washed sequentially with 3 N aqueous HCI (2 x 5 mL), water (2 x 5 mL),
saturated NaHCO3 (2 x 5 mL), and water (2 x 5 mL). The organic layer was dned (MgSOy) and filtered, and the
filtrate was concentrated in vacuo. The residue was purified via column chromatography on silica gel by eluting
with 12% EtOAc-hexane. Pure § (23 mg, 34%) was thereby obtained as a coloriess microcrystalline solid: mp

o P e
168-165 °C; IR (KBr) 3071 (i), 2953 (m), 2885 (m), 1741 (vs), 1701 (vs), 1603 (s), 1271 (s), 1046 (s), 762

(s), 702 cm-1 (m); IH NMR (CDCI3) § 1.75 (AB, Jog = 12 Hz, 1 H), 1.95 (AB, Jap = 12 Hz, 1 H), 2.06 (s, 3
H), 211 (d,J=52Hz, 1 H),2.76 (d,J=5.2 Hz, 1 H), 2.90 (brs, 1 H),3.08 (d, /=16 Hz, 1 H), 479 (, J =
1.6 Hz, 1 H), 7.70-7.74 (m, 2 H), 7.94-8.00 (m, 1 H), 8.07-8.13 (m, 1 H); 13C NMR (CDCl3) 8 21.1 (t), 24.4
(q), 28.8 (d), 30.3 (s), 35.9 (s), 36.7 (d), 52.5 (d), 77.3 (d), 126.3 (d), 127.0 (d), 134.0 (d), 134.1 (d), 135.9 (s),
136.2 (s), 170.5 (s), 192.7 (s), 195.9 (s). Anal. Caled for Cj7H1404: C, 72.33; H, 5.00. Found: C, 72.13; H,
5.01. The structure of § was establishcd uncquivocally via application of X-ray crystallographic methods (vide

Y SN
wyra)
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)

reaction mixture was allowed to warm crmchnﬂv to ambient temperature with c.nrrmﬂ, and Qhrnnn was

(1R, 2R, 11R, 12R, 14S, 15S)-15-hydroxy-11-methoxy-1-methylpentacyclo[10.2.1.
02,11,02,14 04,9]pentadeca-4(9),5 J7-triene-3,10-dione (6b). To a solution of 3b (165 mg, 0.65 mmol)
in MeOH (25 mL) was added 10% aqueous NaOH (5 drops) at ambient temperature, and the resulting mixture
was stirred at that temperature for 7 days. The reaction mixture then was concentrated in vacno, and the residue

TN L

was distributed between water (10 mL) and EtOAc (20 mL). The layers were separated, and the aqueous layer

1.
1
was extracted with EtOAc (2 x 10 mL). The combined organic layers were washed with water (3 x 5 mL), dried

(MgS0y) and filtered, and the filtrate was concentrated in vacuo. The residue was purified via column (,hmma-
tography on silica gel by cluting with 20% EtOAc-ligroin. Pure 6b (81 mg, 44%) was thereby obtaincd as a
colorless microcrystalline solid: mp 198-199.5 °C; IR 3450 (br, m), 2968 (w), 2928 (w), 1651 (s), 1257 (m),
1057 cm! (m); 1H NMR (CDCl3) & 1.14 (s, 3 H), 1.78 (br s, disappears when sample is shaken with D20, 1 H),
1.99 (AB, JAB = 13.0 Hz, 1 H), 2.45 (AB, JaB = 13.0 Hz, 1 H), 2.52 (br s, 1 H), 2.77 (br s, 1 H), 3.08 (s, 3 H),
3.98 (d, J=2.0 Hz, 1 H), 7.67-7.77 (m, 2 H), 7.95-8.12 (m, 2 H); 13C NMR (CDCl3) 8 8.15 (q), 28.3 (1), 28.6
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(d), 39.7 (d), 43.4 (s), 45.8 (s), 52.8 (d), 76.0 (d), 85.8 (s), 126.1 (d), 127.4 (d), 133.8 (d), 133.9 (d), 135.6 (s),
i36.4 (s; i91.0 (s), 193.2 (8). Anai. Caicd for Cy7H604: C, 71.82; H, 5.67. Found: C, 72.00; H, 5.61. The
structure of 6b was established unequivocally via application of X-ray crystallographic methods (vide infra).

Continued eluting the chromatography column with 20% EtOAc-ligroin afforded a colorless solid (29 mg)
that consisted of a mixture 4b and another unidentified product. Tlc analysis of the mixture thus obtained indicated
that 4b is the major component of this mixture.

D

lk ha
.<.
4]
s
=

-ia,4(z-dinydro-§,16-dihydr0xy-i,a‘u-methanoanihrace’ne (7bj. A solution of 2b
(1.10 g, 4.62 mmol) in dr ) under s pre-cooled to 0-5 °C via application of an
water bath To this (,ooled solunon was added KO -Bu (110 mg, 1.0 mmol) with vigorous stirring during 2
minutes. Subsequently 3 N aqueous HCI (0.5 mL, 1.5 mmol) was added drop-wise wnh stirring to the reactlon
mixture under argon, and the reaction mixture was stirred under argon at 0-5 °C for 5 minutes. The reaction
mixture was poured into water (30 mL), and the resulting aqueous suspension was extracted immediately with
EtOAc (3 x 20 mL). The combined organic layers were dried (MgSOy4) and filtered, and the filtrate was
concentrated in vacto. The residue was washed with CH,Cly (3 x 5 mL), thereby aftfording crude 7b (570 mg,
yield 52%). Fractional recrystallization of this material from MeOH-hexane atforded pure 7b as colorless
microcrystalline solid: mp 154-155 °C (dec.); IR (KBr) 3447 (br, m), 2943 (w), 2982 (w), 1668 (s), 1591 (s},
1298 (m), 727 cm-! (s); IH NMR (CDCl3): 6 1.85 (d, J = 1.6 Hz, 3 H), 2.13 (AB, Jap= 7.4 Hz, 1 H), 2.30 (AD,
Jap= 7.4 Hz, 1 H), 3.83 (brs, lH), 4.04 (brs, 1 H), 4.65 (br s, disappears when sample is shaken with D20, 2
H), 6.15 (br s, 1 H), 7.38-7.48 (m, 2 H), 7.93-8.03 (m, 2 H); 13C NMR (CDCl3): 8 16.6 (q), 45.8 (d), 50.4 (d),
64.4 (), 121.1 (d), 121.3 (d) 125.0 (d), 125.1 (d), 125.2 (s), 128.8 (s), 130.1 (s), 133.2 (d), 137.8 (s), 138.4 (s),

‘e A e N FQ\(( LJ S0 Lhannd M ON 78 I £ 17
2 1Vl \.;l()lll_/;.Ul y OO 1, .7, FOUNIU. ) O _) n, ./,

ARt o Via apips

2-Methyl-1a,4a-dihydro-1,4-methanoanthracene-9,10-dione (8b).8 Oxygen was bubbled
through a solution of 7b (0.45 g, mmol) in CHCI3 (250 mL) during 2 days, at which time tlc analysis of the
reaction mixture indicated the absence of starting material. The reaction mixturc was concentrated in vacuo,
thereby affording crude 8b (420 mg, 94%). The crude product was purified via column chromatography on silica
gei by eiuting with 8% E1OAc-hexane. Pure 8b was thereby obtained as a yeliow microcrystaiiine soiid: mp 73.5-
75 °C; IR (KBr) 2939 (m), 2874 (w), 1732 (s), 1668 (s), 1612 (s), 1304 cm~! (m); 1H NMR (CDCl3) § 1.89 (d,
J=18Hz, 3 H), 226 (AB,Jap=9.0Hz, 1 H), 236 (AB, Joap=90Hz, 1 H),3.92(d,J=10Hz, I H), 408
(dt, J= 4.8 Hz, 1.8 Hz, 1 H), 6.26 (br s, 1 H), 7.60-7.70 (m, 2 H), 7.98-8.08 (m, 2 H); 13C NMR (CDCIl3) § 16.8
(q), 48.7 (d), 53.2 (d), 71.5 (1), 126.0 (d), 126.1 (d), 132.8 (s), 132.9 (s), 133.1 (d), 133.2 (d), 133.4 (d), 154.2
(s), 162.8 (s), 163.8 (s), 181.9 (s), 182.7 (s). Anal. Calcd for C1gH1202: C, 81.34; H, 5.12. Found: C, 81.14; H,
5.30.

. 2 Donwsr Aihwrden_ 1 A nthannanthianana Q10 Adinma O0a) A onlintine ~F €268.11
«0,30 pu&y-lu 4o-dihydro-1,4-miethanoanthiracene-2,10-dione (%a). A solution of 8§a%°%
(290 me. 1.3 mmol) in CH-Cls (50 mL, ) was nre-cooled to 0-5 °C via apnlication of an external ice-water bath. To

i "D 1.0 mn iR YR A S VAT A e T | pAETLLANLA SR Vit LGP Gl Dadill. 14

this cooled solution was added portionwise with stirring MCPBA (700 mg, 2.0 mmol), and the resulting mixture
was stirred at 0-5 °C for 8 h. The external cold bath was removed, and the reaction mixture was allowed to warm
gradually to ambient temperature during 1 h. The reaction mixturc was washed sequentially with aqueous saturated
NaHCO3 (5 x 10 mL) and water (2 x 5 mL), dried (MgSOy) and filtered, and the filtrate was concentrated in
vacuo. Recrystallization of residue from CH,Clp-hexane afforded pure 9a (198 mg, 64%) as a yellowish
microcrystalline solid: mp 148-149 °C; IR (KBr) 3005 (w), 2976 (w), 1665 (s), 1591 (s), 1298 (s), 850 cm- L(s);
TH NMR (CDCI3) 8 1.61 (AB, JAog = 9.2 Hz, 1 H), 1.99 (AB, Jop = 9.2 Hz, 1 H), 3.61 (s, 2 H), 3.72 (s, l H),
7.66-7.75 (m, 2 H), 8.00-8.11 (m, 2 H); 13C NMR (CDCl3) § 39.5 (1), 42.8 (d), 57.6 (d), 126.3 (d), 132.6 (s),
133.6 (d), 159.7 (s), 181.7 (s). Anal. Calcd for Cy5H0O3: C, 75.62; H, 4.23. Found: C, 75.30; H, 4.09.

2p-Methyl-2a,3a-epoxy-1a,4a-dihydro-1,4-methanoanthracene-9,10-dione (9b). A solu-
tion of 8b (160 mg, 0.68 mmoi) in CH»Cl» (50 mL) was pre-cooled to 0-5 °C via application of an external ice-

______ Lol PR sAdad maetiang th gtirving MODRA 700 mo 2 0 mmal) and the
water bath. To lllh cooled bUluuuu was agaca p\uuuuwnc with SUITINE VI DA /UVU HHE, L.V UL, alily v
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resulting mixture was stirred at 0-5 °C for 8 h. The external cold bath was removed, and the reaction mixture was
allowed to warm gradually to ambient temperature during 1 h. The reaction mixture was washed sequentially with
saturated aqueous NaHCOj3 (5 x 10 mL) and water (2 x 5 mL), dried (MgSOy) and filtered, and the filtrate was
concentrated in vacuo. Recrystallization of residue from hex-ane-CH,Cl, afforded pure 9b (110 mg, 65%) as a
yellowish microcrystalline solid: mp 103-104.5 °C; IR (KBr) 2976 (w), 2928 (w), 1668 (s), 1599 (s), 1332 (s)

YVAIUYYISIE IMIVAUL YOUAL U DV, LY LUJ 2 UT.D Wy N \UAD ] &2 70 W ), SF720 (W), INRRO\3), LI7F\3), 1704 \9),

731 cm-1 (s); 1H NMR (CDClz) § 1.63 (AB, Jap = 92 Hz, 1 H), 2.06 (AB, Jap = 9.2 Hz, 1 H), 3.41 (s, 1 H),
3.51 (s, 1 H), 3.64 (s, 1 H), 7.66-7.75 (m, 2 H), 8.00-8.11 (m, 2 H); 13C NMR (CDCl3) § 15.6 (q), 42.0 (1), 43.4
(d), 47.3 (d), 63.0 (d), 66.7 (s), 126.3 (d), 126.4 (d), 132.5 (s), 132.6 (s), 133.5 (d), 133.6 (d), 159.5 (s), 160.5

(s), 181.6 (s), 181.7 (s); Anal. Calcd for C16H203: C, 76.18; H, 4.79. Found: C, 76.05 ; H, 4.77.

W —at . _ 0L NL __.t4L WA 4L T2 AT _MIT T .. . 1..e . [~ ~gP P | o Y, T
Reaction of 9b with Methanolic NaOH. To a solution of 9b (55 mg, 0.22 mmol) in CH30H (20
ml) at ambient temperature was added dropwise with stirring 10% NaOH solution (5 drops), and the resulting

ml) at ¢ : / stirri u

mixture was stirred at ambient temperature during 4 h. The reaction mixture was then concentrated in vacuo, and
the residue was distributed between water (10 mL) and EtOAc (10 mL). The layers were separated, and the
aqueous layer was extracted with EtOAc (2 x 10 mL). The combined organic layers were washed sequentially
with 3 N aqueous HC! (2 x 5 mL), water (2 x 5 mL), 5% NaHCO3 (2 x 5 mL), and water (2 x 5 mL), dned
(MgS80Oy) and filtered, and the fiitrate was concentrated in vacuo. The residue was purified via column chroma-
tography on silica gel by eluting with 20% EtOAc-hexane. Pure 6b (29 mg, 47%) was thereby obtained as a
colorless microcrystalline solid: mp 198-199.5 °C; The IR, !H NMR and 13C NMR spectra of this material were

CROII0GS DRIV Yoralllilv ol iy 2 70 F AV S AN et nNdle

essentially 1dermcal to 6b prepared previously ( wde supra).

(1R,28,118,125,135,145)-11,13-Dihydroxypentacyclo[10.2.1.02,11,02,14,04,%]|penta-
deca-4(9),5,7-triene-3,10-dione (10a). To a solution of 9a (52 mg, 0.22 mmol) in 1:2 aqueous THF (30
mL) at ambient temperature was added dropwise 107% aqueous NaOH solution (0.5 mL), and the resuiting mlxmle

wwng otirrad ot amhi P T AL Th - :
as stirred at ambient tcuxycnauixc uL‘uxI’ig 4 h. The reaction mixture was concentrated

=%
o
=]
=

was 8
was distributed between water (20 mL) and EtOAc (10 mL). The layers were separate
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1
was extracted with EtOAc (2 x 10 mL). The combined organic layers were washed with water ( x SmlL), dned
(MgSO0y) and filtered, and the filtrate was concentrated in vacuno. Recrystallization of the residue from acetone-
hexane afforded pure 10a (37 mg, 66%) as a colorless microcrystalline solid: mp 210-211 °C; IR 3430 (br, m),
2931(w), 1656 (s), 1261 (m), 1033 cm-1 (m); IH NMR (DMSO-dg) 6 1.99 (br, 3 H) 228 (brs,1H),257(d,J
=51Hz, 1 H), 382 (i, J=18Hz, 1 H), 5.05 (d, J = 4 Hz, disappears when sample is shaken with D20, 1 H),
6.35 (br s, disappears when sample is shaken with D0, 1 H), 7.80-7.88 (m, 2 H), 7.94-8.01 (m, 2 H); I3C-NMR
{T)qu dg\ 8218 (n\ 270 (1), 36.4 {(ﬂ 41.0 (s), 42 8 (d\ 70.4 ((h 80.0 (s) , 1255 (L_l\ 127.4 (d), 133.9 (d),

1342 (d), 135.6 (s), 135.7 (s), 1917 (s), 194.0 (s). Anal. Caled for C;sH 204 C, 70.31; H, 4.72. Found: C,
70.50; H, 4.84.

(IR 2R llR 12R 14S 1<S) 11 15- dihydroxy-l-methylpentacyclo[l() 2.1.02,11 02,14,
b). To a solution of 9b (70 mg, 0.28 mmol) in THF (2
A sntar £10N T \ at amhiant tammaratirs wae addad dennuwice 1O aaneaniie NaOH eqalutinon /1 ml Y and t
< IVl ul\l}lv\ 1OV L\ U u\.iu\l\’l,l‘i 1NANSL 1 DU ULEUL \L llll_t}, ull\l 12

reqnl’rmcv mixture was stirred at that temperature dun 4 h. The reaction mixture was concentrated in vacuo, and
the remdue was distributed between water (20 mL) and EtOAc (10 mL). The layers were separated, and the aque-
ous layer was extracted with EtOAc (2 x 10 mL). The combined organic layers were washed with water (4 X 5
mL), dried (MgSOy) and filtered, and the filtrate was concentrated in vacno. Recrystallization of the residue from
acetone-hexane afforded pure 10b (54 mg, 72%) as a colorless miuomystal]ine solid: mp 200-201 °C; IR (KBr)
3418 (br, m), 2976 (w), 1699 (s), 1597 (s), 1253 (s), 1097 cm-} (m); 1H-NMR (DMSO-dg) § 0.99 (5,3 H), 1.96
(AB, Jop = 10.5Hz, 1 H), 2.05 (AB, Jap = 10.5 Hz, 1 H), 2.26 (br s, 1 H), 2.31 (br s, 1 H), 3.70 (dd, J = 4.5
Hz, 1.6 Hz, 1 H), 5.17(d, J=4.5Hz, 1 H), 6.29 (s, 1 H), 778787 (m, 2 H), 7.92-8.01 (m, 2 H), 3C-NMR
(DMSO-dg) § 8.4 (q), 28.1 (d), 28.3 (1), 43.7 (s), 43.8 (d), 45.7 (s), 73.9 (d), 79.6 (s), 1253 (d), 127.3 (d), 133.8
(d), 134.1 (d), 135.4 (s), 136.0 (s), 191.4 (s), 194.2 (s). Anal. Caled for C1oH1404: C, 71.11; H, 5.19. Found:
C, 70.92: H, 5.22. The structure of 10b was established unequivocally via application of X-ray crystallographic

methods (vide infra).
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(1R,2S5,115,125,135,14S)-11-(Acetoxy)-3,10-dioxopentacyclo[10.2.1.02,11 02,14 04,9].
pentadeca-4(9),5,7-trien-13-yl Acetate (11a). A solution of 10a (25 mg, 0.10 mmol) and EzN (50 mg,
0.50 mmol) in dry THF (2 mL) was cooled to 0-5 °C via application of an external ice-water bath. To this cooled

Sf\)*llflm wag added dronwice with etirrino a colution of AcCl (20 mo 026 mmol) in drv THE /1 mI ) nd tha

FULLAL FADS GWLTA LMUPTISY WU oulilig & SUIUUVIE UL AVLI LV T g, VLU RO M Uly 1 (1 fieg, ana ine
resulting mixture then was stirred at 0-5 °C during 2 h. The external cold bath was removed, and the reaction mix-
ture was allowed to warm gradually to ambient temperature, and then was stirred at that temperature overnight.
The reaction mixture was concentrated in vacuo, and the residue was dissolved in CHzClz (20 mL). The resulting
solution was washed sequentially with water (2 x 5 mL), 3 N aqueous HCl (2 x 5 mL), water (2 x 5 mL),

saturated aqueous NaHCO3 (2 x 5 mL), and water (Zx 5 mL) The orgamc layer was dried (MgSOy) and filtered,

and tha Gltentn exine PR PR SR I R,

ana ine 1itraic was k,uuk.cuuau,u l’l VAcCio. [\Lblybldlllldll()” L)l IC\IUUC ”U"] \..l—l’)\ |2 nﬂ\dnc alioraea pure lla
o 65%) as a colorless microcrystalline solid: mp 186-187 °C; IR (KRr) 3082 (w), 2972 (w), 2878 (w)

(19 mg, 65%) as a colorless microcrystalline solid: mp IR (KBr) 308 2972 (w), 2878 (w),
1746 (vs), 1705 (vs), 1597 (s), 1232 (s), 1038 cm-1 (m): IH NMR (CDCl3) & 1.88 (s, 3H) 203 (s, 3 H), 1.99
(AB,JAB— 11.4 Hz, 1 H), 2.16 (AB, Jap = 11.4 Hz, 1 H), 236 (dt, J= 5.1 Hz, 1.3 Hz, 1 H), 2.84 (d, J = 5.1
Hz, 1 H),3.26 (brs, 1 H), 5.09 (t, J = 1.8 Hz, 1 H), 7.69-7.75 (m, 2 H), 7.92-7.98 (m, 1 H), 8.05-8.10 (m, 1 H);
13C NMR (CDCl3) 5 20.8 (q), 20.9 (1), 22.7 (q), 28.6 (d), 32.7 (d), 39.5 (d), 40.4 (s), 73.9 (d), 86.7 (s), 126.2

(d), 128.0 (d), 133.9 (d), 134.3 (d), 135.8 (s), 136.6 (s), 169.3 (s), 170.2 (s), 190.1 (s), 190.3 (s). Anal. Calcd for
Ci9H1606: C, 67.05; H, 4.74. Found: C, 66.99; H, 5.00.

Oxidation of 2a by Atmospheric Oxygen in Basic Medium.® To a solution of 2a (150 mg,
0.67 mmol) in MeOH (20 mL) at ambient temperature was added dropwise with stirning 10% aqueous NaOH (5
drops). The red-aorange solution thereby obtained was stirred at ambient temperature for 2 h. The reaction mixture
was concentrated in vacuo, and the residue was distributed between water (20 mL) and CH»Cl2 (10 mL). The

Pl Pl

layers were separated, and the aqueous layer was extracted with CH2Cl2 (2 x 10 mL). The combined organic
layers were washed with water (3 X 5 mL), dried (MgS80y), and liltered, and the filtrate was concentrated in
vacuo. The residue was purified via column chromatography on silica gel by cluting with 2.5% EtOAc-ligroin.
Pure 8a (12 mg, 8%) was thereby obtained as a yellow microcrystalline solid: mp 154-155 °C, (lit.8.11,12 mp
156-157 °C); IR (KBr) 2994 (m), 2949 (m), 1669 (s), 1604 (s), 1331 (s), 1302 (s), 802 cm-! (s); IH NMR
(CDCl3) $ 230 (AB, Jap = 7.0 Hz, 1 H), 2.36 (AB, Jag = 7.0 Hz, 1 H), 4.23 (quintet, J = 1.8 Hz, 2 H), 6.88 (t,
J = 1.8 Hz, 2 H), 7.60-7.72 (m, 2 H), 7.99-8.10 (m, 2 H); 13C NMR (CDCl3) § 48.7 (d), 73.3 (t), 126.2 (d),
132.8 (s), 133.3 (d), 142.5 (d), 163.1 (s), 181.7 (s).

Continued clution of the Chl()mal(wrdnh\f column with 5% EtQAc- lwmm afforded a mixture of 128

and 136.8.11 (98 mg, total yield 62%). Andlyqxs of TH NMR spectrum of the mixture of 12 and 13 thereby
obtained indicated the product ratio 12 : 13 = 4.4 : 1. Fractional recrystallization of the mixture of 12 and 13
from CH,Clz-hexane afforded pure 12 as a colorless microcrystalline solid: mp 118-119 °C (1it.8 mp 120 °C)' IR
(KBr) 3080 (m), 3000 (m) 2974 (m) 2878 (w), 1701 (s), 1595 (s), 1302 (s), 898 cm-1 (s); iH NMR (CDClI3) 8

4.a T

* A7 AT r DN T Y LAY ~~ 7 NN YT 1 T TV b Yo < 1. 0Q7 ~TIN O S ¥ 1T 0 i
1L.O4(AD,JAR = Y.U NZ, it )s 1.77 { D, JAB=YUnNZ, 1), 3.0U (qumlel, J=18Hz2 n),oos(L,J=1.8 HL,
2PHN TAST TV (m D2HY 700 (m 2 H). IBONMR (CDOIYSAI D (AY AD Ay 721 () 127 1 (A 1320 ()
L X1J, 70057 7P4™\111, L Thf, 1.7°Q.7 (i1, & 11), O INIVIIN (MVbsd ) U5 (U, oLy, 1.1 \0), 1&da1 \U), 103.7 (0,

134.1 (d), 141.9 (d), 191.3 (s).

Acid-promoted Rearrangement of 12. A solution of (1R,108,11§,14R)-15-oxapentacyclo]8.4.1-
.111,14 01,10, 03.81hexadeca-3(8),4,6,12-tetracne-2,9-dione (12, 185 mg, 0.78 mmol) and TsOH (50 mg, 0.29
mmol) in CH,Cl, (25 mL) under argon was refluxed for 6 days. The reaction mixture then was washed se-
quentialiy with saturated aqueous NaHCO3 (3 x 5 mL) and water (2 x 5 mL), dned (MgSQOy), and filtered, and the

filirate was conceniraied in vacio. The residue was pur ified via column uuumau)gmpny on silica E,Cl Uy uuuug
with 10% EtQAc-hexane. Pure 14 (21 mye. 12%) was thereby obtained as a vellow microcrystalline solid: mp

i1 1v /v l_ll.\J \4 HVAQLIVv, & Uiv ATT =1 & L 7V YV QO lllvlvUJ VUlatitvwe L5 & PALLL A ARV ALIR JIOMARLLaRY URCAdNe. aik r
165.0-166.5 °C; IR (KBr) 2930 (m), 2864 (w), 1689 (s), 1201 cm-! (s); IH NMR (CDCl3) § 2.72 [t(AB), JAB =

18.0 Hz, J= 2.3 Hz, 1 H], 2.94 [d(AB), Jop = 18.0 Hz, J= 8.0 Hz, 1 H], 4.12 (dt, J = 80 Hz, 2.3 Hz, 1 H),
5.87-6.20 (m, 3 H), 7.60-7.75 (m, 2 H), 7.99-8.10 (m, 2 H); 13C NMR (CDClI3) 5 38.2 (1), 42.1 (d), 96.0 (d),
126.0 (d), 126.2 (d), 126.9 (), 127.7 (d), 131.6 (s), 132.9 (d), 133.2 (s), 134.1 (d), 137.5 (d), 158.5 (s), 178.5
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(s), 182.3 (8). Anal. Calcd for CysHgO3: C, 75.62; H, 4.23. Found: C, 75.65; H, 4.05. The structure of 14 was
established unequivocally via application of X-ray crystallographic methods (vide infra).

10b. and 14. All data were collected on an Enraf-
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11970 H}, dllu da gld})l“lb MONOCHIGINalon. vaia 101 48

all other structures was obtain
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was collected by using the o scan ter‘hmmm data for
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X-ray Structure Determination of 4a, §, 6b,
n
.

>J
I |

technique. Standard procedures used in our laboratory for this purpose have been dexcnbed previously. 13
Pertinent X-ray data are given in Table 1. Data were corrected for Lorentz and polarization effects but not for
absorption. The structures were solved by direct methods (6b and 14 were solved by using SIR14, while 4a, §,
and 10b were solved by using SHELXS-8615), and the models were refined by using full-matrix least-squares
techniques In da, 6b, and i4, all non-hydrogen atoms were refined by using anisotropic thermal pammeters

| 5 928 va £ and 10k cufficiant datn wara availahla ta marma it ratimaniant 1m thic fachinam Af Anl ha ~Avy
NOWEVET, i & and 1vo, SUIICIeHT Gata Were avanaoie o peiiin refinement in tnis {asnion of Uluy the \.JA_ybcu

atoms and carbon atoms that are bonded to less than three other non-hydrogen atoms. Hydrogen atoms were
located on difference maps and then were included in the model in idealized positions [U(H) = 1.3 Beg(C)] and
allowed to ride upon the attached carbon atom. All computations other than those specified were performed by
using MolEN. 16 Scattering factors were taken from the usual sources.17

Tahla 1 Y_ray Aatn ~nllantinnm and nracsccing naramatare fonr Aa & £l 10R ond 14
A GUIT 1. /2 lﬂy Uatd Lunico il aimag Pl\lbb"\lllb tJal GAHIVIULD U] *=a, o, U, LU, aliu 1Y
Compound 4a 5 6b 10b 14
Formula CisH1203 C17H1404 C17H1604 Ci16H1404 C15H100
Size (mm) 0.15x0.45x 0.08x0.21x 0.14x0.16 X 0.06 x0.18x 017x0.21x
0.52 0.32 0.24 0.24 0.24
Space Group P2/a Pi-bar P2y/n P1-bar P2i/c
a(A) 9.296 (1) 8.103 (1) 12.021 (1) 8.0691 (R) 8.1520 (7)
b (A) B.0646 (7) 93162 (7) 8.1027 (6) 12,932 (1) 11.161 (1)
c(A) 31.248 (4) 9.678 (1) 14.844 (1) 13.154 (1) 12.566 (1)
o (®) Q0 90.059 (9) 90 111.594 (R) 90
B 97.674 (9) 112.71 (1) 111.146 (7) 90.654 (8) 105.426 (7)
() 90 95.160 (9) 90 98.268 (9) 90
V (A3) 2321.6 (4) 670.7 (2) 1348.5 (2) 1259.9 (2) 1102.1(2)
Z-value 8 2 4 1 4
Dealc (g-cm3) 1.375 1.398 1.400 1.425 1.436
i (e H 0.89 0.97 0.93 0.96 0.94
p{cm™*) s V.
TE) 295 205 295 295 205
Py \ 44 44 50 44 44
~vmax \ J
Total reflections 3728 1642 2673 3085 1541
Unique reflections 3080 1642 2561 3085 1436
Rint 0.027 - - 0.038 - - 0.016
I230() 1690 1086 1499 1702 946
Parameters 325 120 190 221 163
R, Rw 0.0822,0.1194 0.0718,0.0715 0.0463,0.0458 0.0521,0.0534 0.0366, 0.0464
(A/O)max < 0.01 < 0.01 < 0.01 < 0.01 <0.01
Prmax; Puin (€ A-3) 030,-0.22 0.48, -0.40 0.21;-0.25 0.28; -0.28 0.15;-0.09
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