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Abstract: Polycyclic aromatic hydrocarbons (PAHs) are an important class of
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genic PAH currently known. Syntheses of various oxidized metabolites of
dibenzo[def plchrysene implicated as the biologically active forms that interact
directly or indirectly with DNA to induce mutations that lead to tumor induction
are reported. These include the 8,9- and 11,12-dihydrodiols (2 and 3), the 8,9,11,12-
bis-dihydrodiol (5), and the fjord region anti-diol epoxide derivative of 3 (4). © 1998
Elsevier Science Ltd. All rights reserved.
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photocvclization
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INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are an important class of environmental pollut-
ants, some of which are potent carcinogens.l-2 PAHs occur in cigarette smoke, automobile exhaust,
and many common foods. They are activated by P-450 microsomal enzymes to reactive forms,
principally diol epoxides in which the epoxide ring resides in a bay or fjord molecular region. These
active metabolites react with DNA, resulting in mutations that lead to induction of tumors.1.3

The peri- condensed, hpxaryr‘hc PAH dibenzoldef,plchr rysene (1) (obsolete name di g_n_zo[g,I]-
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somes affords mainly the trans-8,9- and 11 12-dihydrodiols (2 and 3) and 7-hydroxydibenzo def, p]-
chrysene.5 This accords with the concept that metabolic activation of 1 proceeds via formation of 3
which undergoes further oxidation to trans-11,12-dihydroxy-anti-(or syn)-13,14-epoxy-11,12,13,14-

tetrahydrodibenzo[def,p]chrysene (4), in which the epoxide ring is in a fjord region.1-3.

t poten
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However, the finding that 1 is more carcinogenic than 3 in mice%P suggests that other activa-
tion paths may also be involved.68 Thus, further metabolism of the 8,9-dihydrodiol (2) in the pres-
ence of calf thymus DNA generates a major DNA-bound adduct tentatively suggested to be formed

via reaction of its 8,9,11,12-tetracl-13,14-epoxide metabolite (6).? The latter may arise metabolically
via Gxidahon "f either 2 or 3, to a bis-dihydrodiol, trans=8,9—%rans=11,12=tetr°"=“drcrf=8,9,11,122tetra=
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role in carcinogenesis accords with recent findings that higher oxidized metabolites, particularly bis-
dihydrodiols and bis-dihydrodiol epoxides, contribute to the carcinogenic activity of dibenz[a h]an-
thracene, dibenz[a,jlanthracene, dibenzo[b,deflchrysene, and other PAHs.10-16 An alternative path
of activation of the PAH trans-dihydrodiols involves oxidation to catechols catalyzed by dihydro-

reason, the 11,12-quinone of 1 must also be considered a potential carcinogenic metabolite.
We now report convenient syntheses of several oxidized derivatives of dibenzo[defp]jchrys-
ene, including 3, 4, and 5, suspected to be active carcinogenic metabolites.
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The key intermediate in these syntheses is 11,12-dimethoxydibenzo[def,plchrysene (10a).
Compound 10a was conveniently accessible from simple precursors via the synthetic route in
Scheme 1. Condensation of 2,3-dimethoxybenzaldehyde with 9-phenanthrylacetic acid with EtzN
and HOACc furnished 3-(2,3-dimethoxyphenyl)-2-(9-phenanthryl)-2-propenoic acid (7a) as a mixture
of E- and Z-isomers (the E-isomer in which the aryl functions are cis is shown in Scheme 1). 2D-
NMR spectra (NOESY) show NOE effects between the ortho proton of the dimethoxyphenyl group
and the peri proton in the 8-position of the phenanthrene ring, indicating that the E- isomer is the
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major product (E/Z > 12:1). Treatment of 7a with SOCI; followed by reaction of the acid chloride
product with MeOH in refluxing benzene gave the corresponding methyl ester (7b). Oxidative
photocyclization of 7b in the presence of I and epoxybutanel8 provided 9-carbomethoxy-11,12-
dimethoxybenzo[g]chrysene (8a) as the principal product. The mixture of E- and Z-isomers of 7b
was used, since facile interconversion of isomers is known to take place in these reactions.1® It was
necessary to use the ester 7b rather than the free acid 7a to prevent secondary photocyclization to
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the lactone.20 Enlargement of the pentacyclic benzo[g]chrysene ring system of 8a to the hexacyclic
i i rapne raaitired inFradnoHon of an adAisinnmal cadla e abazen Thic siraae
ring system of dxbenzoldeﬁp}ch“yac i€ requirea miroaudcton Or an aaqitidia: Carooin adim. 1nis was

accomplished by conversion of 8a to the enol ether 9. Reduction of ester 8a to the alcohol 8b with
LiAlH4 followed by oxidation of 8b with pyridinium chiorochromate (PCC) gave 9-formyi-11,12-
dimethoxybenzo[g]chrysene (8c). Wittig reaction of 8¢ with (methoxymethyl)triphenylphosphon-
ium chloride and phenyllithium at -65 °C gave the enol ether 9 as a mixture of isomers (E/Z = 4:1).
Treatment of 9 with methanesulfonic acid provided 11,12-dimethoxydibenzo[def,p]chrysene (10a).
Conversion of 10a to the tetrahydrotetraol (5) was accomplished via initial oxidation with

osmium tetroxide to the K-region cis-dihydrodiol, cis-8,9-dihydroxy-11,12-dimethoxy-8 9-dihydro-
dibenzo[def,p]chrysene (11a) (Scheme 2).21 In view of its probable air sensitivity, 11a was isolated

and characterized as its diacetate (11b).22 Oxidation of 11a with DDQ gave the dimethoxyquinone,
veordihamzald.f ., ~ Tlaic ~Amemmca mcaem d coion o Ao o
11,12-dimethoxydibenzo[def p]ch 9-dione (12a). This compound was converted to 5 via

: }cn*ysene-s,
with BBr3 to 11,12-dihydroxydibenzoldef p]chrysene-8,9-dione (12b) followed by
reduction with NaBH4 with O, bubbling through the solution. Reduction took place in both rings
to provide trans-8,9-trans—1l,12—tetrahydroxy~8,9,11,12—tetrahydrodibenzo[deﬁp]chrysene (5). Since
reductions of this type are known to take place with high trans-stereoselectivity,23.24 both dihydro-
diol functions are presumed have the trans configuration.
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Since the mode of reduction is achiral, the product must consist of an equal mixture of two pairs of
enantiomers (5a, 5a' and 5b, 5b"). The coupling constants for the benzylic and allylic protons are in

the range of 7.0-9.2 Hz, consistent with the trans configurations with the hydroxyl groups oriented
predominantly in the diequatorial conformations.2>
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An alternative route for conversion of the ¢ is-dihydrodiol (11a) to the trans,trans-tetrahydro-
tetraol (5) was also examined (Scheme 2). Reaction of 11a with KOH and Mel in DMSO failed to
provide the expected dimethyl ether derivative, but gave instead 8,9,11,12-tetramethoxydibenzo-
[def,plchrysene (13a). Formation of the bis-catechol tetramethyl ether (13a) was evidenced by the
absence of benzylic signals in its TH NMR spectrum, consistent with the fully aromatic structure of
13a. This compound was further characterized by conversion to its diacetate (13c). Treatment of
13a with excess BBr3 followed by reduction of the bis-catechol product (13b) with excess NaBH, and
Oz furnished the tetrahydrotetraol 5. Compound 5 was obtained as a pair of diastereomers separab-

le by HPLC on a reverse phase ZORBAX ODS column.
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11,12-Dimethoxydibenzo[def,p]chrysene (10a) also served as a convenient synthetic precursor

L

oxide metabolites of dibenzo[def,plchrysene (3 and 4) as
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ALy [V 41 pPUaL po gt L LI IILINL R ORI

well as the terminal ring quinone (14) (Scheme 3). Demethylation of 10a by treatment with BBr3
gave 11,12-dihydroxydibenzo[def,plchrysene (10b) which was converted to its diacetate (10c) in
order to protect the air-sensitive catechol from autooxidation. Reduction of 10c with NaBHy and O,
provided the trans-dihydrodiol, trans-11,12-dihydroxy-11,12-dihydrodibenzo|def,pjchrysene (3).
Expoxidation of 3 with m-chloroperbenzoic acid by the usual method furnished the corresponding
anti-diol epoxide, trans-11,12-dihydroxy-anti-13,14-epoxy-11,12,13,14-tetrahydrodibenzo[def p]chry-
sene (4). Oxidation of the dihydrodiol 3 with DDQ in moist THF afforded smoothly the correspond-
ing o-quinone, dibenzo[def p]chrysene-11,12-dione (14).
The foregoing syntheses of the trans-11,12-dihydrodiol (3), tran:
ene (10b, 12b, 13b, and 14) are relatlve y eff1c1ent prov1d1ng good overall yields of all compounds
IDEI'EIO!'E, these compounqs are now reaauy available for metanousm, tumorlgemcu“y ana other
biological studies to determine their role in the mechanism of carcinogenesis of the parent PAH.
Although syntheses of 3 and 4) have been reported previously,26 the method described herein is
more convenient and provides them in higher overall yield (20% versus 3-8%). Compound 5 is a
new compound. The principle limitation of the method for large scale preparations is in the photo-
cyclization steps. While photoreactions of this type usually require dilute conditions, this proved
not to be a serious limitation. Good yields of photocyclized products were obtained from photo-

reactions conducted on 1-2 gram scale. Since the amounts of the oxidized metaboli
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Materials and Methods. Methoxymethyliriphenylphosphonium chloride was prepared by
heating an equimolar solution of methoxymethyl chloride and PPh3 in a minimum volume of benz-
ene at reflux for 5 h. m-Chloroperbenzoic acid (Aldrich) was purified by washing with pH 7.4 phos-
phate buffer and drying under reduced pressure. 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone
(DDQ) was purified by recrystallization from benzene. THF was distilled from sodium benzophen-
one ketyl. The 1H-NMR spectra were recorded on 400 or 500 MHz spectrometers in CDCl3 with
tetramet_hvlsxla_ne as internal standard unless stated otherwise. Integration was consistent with all

iments. 13C NMR were recorded on a 125 MHz spectrometer. Mass spectra (MS)
and HRMS were performed by the University of Illinois at Urbana-Champaign, School of Chemical
Sciences. All melting points are uncorrected. Caution: Dibenzoldefpjchrysene is a potent carcinogen in
animal assays. It and its dihydrodiol, diol epoxide, and higher oxidized metabolites are all potentially
hazardous and should be handled with care in accordance with “NIH Guidlines for the Laboratory Use of
Chemical Carcinogens.”

3-(2,3-Dimethoxyphenyl)-2-(9-phenanthryl)-2-propenoic acid (7a). A mixture of 9-phenan-
thrylacetic acid (8.5 g, 36.0 mmol), 2,3-dimethoxybenzaldehyde (6.0 g, 36.1 mmol), EtsN (8.5 mL),
and Acz0 (8.5 mL) was heated at 160 °C for 16 h. Then the solution was cooled to room tempera-

ture, water and dilute hvdrnrhlnrlr acid were added, and the resulting solution was extracted with
™wm

(d,1,]= 81Hz),778(d 1, /= 7.8 Hz), 7.60-7.70 (m, 2), 7.57 (s, 1), 7.55 (dd, 1, ] = 8.0, 1.0 Hz), 3.96 (s,

3); 13C NMR (acetone-dg) 8 56.0, 61.3, 114.4, 121.7, 123.5, 124.1, 126.7, 127.6, 127.6, 127.8, 128.8, 129.5,

131.1, 131.3, 132.1, 132.6, 132.9, 134.3, 137.3, 149.5, 153.6, 168.7. Anal. Calcd for C2sH2004: C, 78.11;
H, 5.24. Found: C, 77.85; H, 5.28.

Methyl 3-(2,3-dimethoxyphenyl)-2-(9-phenanthryl)-2-propenoate (7b). A solution of 7a

(1.32 g, 3.43 mmol) and SOCly (1.0 mL, 13.7 mmol) in 20 mL of dry benzene was heated at reflux for

2h. The solvent was removed under vacuum, then 20 mL of dry benzene and 3 mL of anhydrous

Mo wore added and the enlution wag hoated at reflux for 8 h  The nigenal workiin cava 7h (1 24
AVANCNSL & WAL MAlaldAL ), AL JILLY JULLIURL VYo Jivatluv Al AN LUVl U . A LG WAL VVUAJ.\ulJ 6“"1 o4 \*-LU
o 090/ ac o wwhita cnlide mm TE2_1EE o (BHOA c_hayamo Ve 25h 120 oM. ILTANTAAD S QM2 71 1 T QA
5, Z&/0) dd a Wil 501U, llly 1007100 O \DIVUAL-LIEXALLE ) (L. 100 ). “I'1 INIVIIN 0 O./0 \u, 1,, = 0.0
Hz), 872 (d, 1,] =83 Hz),850 (s, 1),785(d, 1,]=8.1 Hz), 778 (d, 1, ] = 7.8 Hz), 7.65-7.’9 (m, 2),
7.55-7.59 (m, 3), 6.68 (d, 1, ] = 8.1 Hz), 6.40 (dd, 1, ] = 8.1 Hz), 6.22 (d, 1, ] = 8.0 Hz), 3.98 (s, 3), 3.80 (s,

3), 3.71 (s, 3). Anal. Calcd for CoeH2204: C, 78.37; H, 5.57. Found: C, 78.34; H, 5.63.
9-Carbomethoxy-11,12-dimethoxybenzolglchrysene (8a). Argon was bubbled through a
stirred solution of 7b (2.0 g, 5.0 mmol) and I (1.30 g, 5.1 mmol) in 700 mL of benzene for 30 min,
and then 10 mL of epoxybutane was added. The solution was irradiated by UV light from a 450-W
Hanovia medium pressure lamp with a Pyrex filter, and the argon flow was maintained throughout

the procedure. When NMR analysis showed reaction to be complete (8 h), the solvent was removed

TR Lot S RLU A

under vacuum, and ~200 mL of CH,Cl; was added. The organic layer was washed with an aqueous
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silica gEI column elutea with hexane-EtOAc (70:4) gave oa (1.0 g, FU7e} &S & YELIOW 1A, INp 1/£-1/5
At o~ - -~ 2 prpny
*C (EtOAc-hexane) (1it.<0 167-168 *C): ITHNMR $8.73(d, 1,] . (

1,]=8.0Hz),860(s,1),856(d,1,]=9.3Hz),7.94(dd, 1,] =82,
(dd, 2,]=7.0,79Hz),756(dd, 1,]="7.1,8.1Hz), 743 (d, 1, ] = 9.3 Hz), 4.11 (s, 3), 4.07 (s, 3), 3.91 (s,
3). Anal. Calcd for Cy6Hp004: C, 78.77; H, 5.19. Found: C, 78.78; H, 5.11.
9-Hydroxymethyl-11,12-dimethoxybenzo[glchrysene (8b). A solution of 8a (230 mg, 0.58
mmol) in 5 mL of EtO-THF (1:1) was added droowwe to a stirred solution of LiAlH4 (0.70 mL of a

solution was heated at reflux for 1.5 h. The

(dd, 1,]=75Hz),7.37(d, 1, | = 9.3 Hz), 534(d 2,]

Cas5H003: C, 81.50; H, 5.47. Found: C, 81.35; H, 5.63.
9-Formyl-11,12-dimethoxybenzo[glchrysene (8¢c). A solution of alcohol 8b (330 mg, 0.90

mmol) in 9 mL of CH,Cly was added dropwise to a stirred suspension of pyridinium chlorochrom-
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ate (386 mg, 1.79 mmol) in 180 mL of CH2Cl;. The mixture was stirred overnight at room temper-
ature, then passed through a short Florisil column. Chromatography of the product on a silica gel
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(Z)- and (E)-1-[9-(11,12-dimethoxybenzolg]chrysenyl)-2-methoxyethene (9). Methoxy-
methyltriphenylphosphonium chloride (660 mg, 1.93 mmol) was dried under vacuum for 4 h prior
to use. Then 20 mL of dry ether was added under argon at -65 °C and 1.10 mL of a 1.8 M solution of
phenyllithium (2.0 mmol) in ether was added dropwise. The mixture was stirred at -65 °C for 0.5 h,
then allowed to warm to -15 °C for 0.5 h, and then cooled back to -65 °C. The aldehyde 8¢ (106 mg,

0.29 mmol) was added and stirring was continued for an additional h at -65 °C overnight. Then the
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vent was removed under vacuum, and the crude product was purified by chromatography on a
silica gel column eluted with hexane-CH>Cl5 (3:2) afforded 9 (102 mg, 89%) as a mixture of E- and
Z-isomers as a semisolid: 1H NMR (E-isomer) § 8.95(d, 1, ] = 8.3 Hz), 8.71 (d, 1, ] = 8.3 Hz), 8.67 (d,
1,J=80Hz),864(d,1,]=82Hz),845(d, 1,]=9.3 Hz),8.07 (s,1),7.66 (dd, 1, ] = 8.0, 7.1 Hz), 7.62
(dd, 1,]=83,71Hz),755(dd, 1,]=8.3,70Hz),735(d, 1, ] =13.0 Hz), 7.29 (d, 1, ] = 9.3 Hz), 6.50
(d, 1,] =13.0 Hz), 4.10 (s, 3), 4.05 (s, 3), 3.82 (s, 3). 1H NMR (Z-isomer) d 8.90 (d, 1, ] = 8.1 Hz), 8.61-
8.71 (m, 3),845(d, 1, ] = 9.3 Hz), 7.52-7.65 (m, 3), 7.31-7.34 (m, 2), 7.29 (d, 1, I~93Hz),6.42 (d,1,]=
7.0Hz),592(d, 1,] =7.0 Hz), 4.09 (s, 3), 4.05 (s, 3), 3.90 (s, 3); MS (mixed is

v L ]z \° p AW,

HRMS Calcd for CoyH20045: 394.1

Al Bt Ail W — :A
HRM 27H22 94.1569. Found:

C,82.21; H, 5.62. Found: C, 81.69;

631



632

T. Zhang, R. G. Harvey / Tetrahedron 55 (1999) 625-636

11 19 TN mathavodilhameal dofwlalheroantaas (102 LSOOI M1 D T 1 BA smarmaal) wng addad
1k, 14~0IMEUNOXYyQIUCHZ0LUE),p Ll ySEIIE (1va). 11300V 511 (1.V 11, 1.07 LUVl wad alucu
g ai o d ki L0 fOF o YDA i alY G AN T AL CLTAN A s N s Ao ceons Tha
UIUpwise tu a SULIEU SUIUNIVIH VI T (70 g, V.£%1 HHUIVL) U1 1V L O WITAALLZ dL U W Ulidel aiguil. 1hc

9

mixture was stirred at 0'C for 3 h. The usual workup gave 10a (77 mg, 88%) as a yellow solid, mp
157-158 C (lit.25P 154-155 "C): 1H NMR § 9.08 (d, 1,] = 8.3 Hz),9.00 (d, 1, ] =9.5Hz),893 (d, 1,] =
83Hz),891(d,1,]=80Hz),8.84(s,1),808(d,1,]=75Hz),802 (d,1,]=9.0Hz),800(dd, 1,] =
760Hz),786(d,1,]=9.1Hz),7.78(dd,1,]=7.0,80Hz),7.73(dd,1,]=7.6,70Hz),755(d, 1, ] =
9.5 Hz), 4.20 (s, 3), 4.14 (s, 3). Anal. Calcd for Co6H1802: C, 86.16; H, 4.93; Found: C, 85.91; H, 5.08.

cis-8,9-Dihydroxy- and cis-8,9-Diacetoxy-8,9-dihydro-11, 12-dimethoxydibenzoldef,p}-
gbry ene (11a and 11b). A solution of OsO4 (250 mg, 0.98 mmol) in 1.3 mL of drv nvru‘]mp was

SS38 ey 12322

added to a stirred solution of 10a (339 mg, 0.94 mmol) in 4.5 mL of pyridine. The reaction mixture
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in 12 mL of H20) was added, and stirring was continued for another 3 h. t:tOAc was added, and
the organic phase was washed with water and dried over Na2SO4. Removal of the solvent under
vacuum afforded crude 11a as a black residue. In view of its air sensitivity, 11a was isolated and
characterized as its diacetate (11b) obtained as a white solid (31% from 10a), mp 194-196 ‘C:1H
NMR 6893 (d, 1,]=8.2Hz),877(d,1,] =79 Hz), 8.69-8.73 (m, 2), 8.83 (s, 1), 7.66-7.75 (m, 4), 7.43
(d,1,]=94 Hz), 6.67 (d, 1, ] = 3.5 Hz), 6.59 (d, 1, ] = 3.5 Hz), 4.11 (s, 3), 4.09 (s, 3), 2.12 (s, 6); 13C
NMR (CDCl3) 8 21.0, 21.1, 56.5, 61.3, 70.7, 71.3, 114.2, 123.1, 123.7, 124.6, 125.5, 125.7, 126.2, 126 .4,

126.9,127.0,127.1, 127.2, 127.4, 128.3, 128 5, 129.0, 129.1, 129.2, 129.4, 130.6, 130.7, 149.0, 170.6, 170.7;
NAQ 211 /o AQN INA+ 2N FIDNAC M alnd far COanBTa .Y AQN TR72 BAassnd: AQN 1RAN
LYLO 11T IO \LV; JU} L RINIVILY, ALl dud \_.le xzqub TOUOV.1J/ V. 1wl UV, LUV

11, 12-Dimethoxydibenzo[def,plchrysene-8,9-dione (12a). Reaction of 10a (95 mg, 0.26
mmol) with OsO4 (68 mg, 0.28 mmol) by the procedure described above gave crude 11a which was
dissolved in 45 mL of wet THF (1% H0O). To this was added DDQ (295 mg, 1.30 mmol), and the
mixture was stirred at room temperature for 2 days, then ~50% of the solvent was removed under
vacuum and water was added. The black solid precipitate was filtered, washed with water, and
dried. Chromatography on a Florisil column eluted with hexane-THF (3:7) furnished 12a (74 mg,

72%), mp 261-263 "C: TH NMR $9.32 (s, 1), 899 (d, 1,] =8.3 Hz),8.84 (d, 1,/ =83 Hz),8.76 (d, 1, =
8.1Hz),8.67(d,1,]=94Hz),858(d, 1,]=75Hz),7.83(dd,1,]=7.6,81Hz),7.79(dd,1,]=7.1,82

Hv\ 7.73 (dd, 1 1;71 82Hz) 756(d 1 T=94Hz) 416 (s 3) 410 (5. 3} 13("MMD{TT—IF_A Y8 568
VAN, A, g Pady Ok A&y, F oSO \Ny £,y — ST aan Jr EedU \ Oy V), FeAVU \Op WUy TN LNAVAAN \ 4421 8/ YV TUG,

7 119 4 12412 1247 198 4 1270 19777 12724 179°QE 1972 4 1727072 179°Q 77 17Q € 12NN 1an"D 12an "
O1./, 110.5, 1&%.0, 1&%./, 1£0.0, 14/, 14/./, 1£0.4, 1£0.3, 1£0.0, 127.0, 1&2./, 1a7.0, 10U.U, 10U.4L, 10U.L,
130.3, 130.7, 131.5, 132.1, 146.1, 150.6, 180.2, 180.4; MS, m/e, 392 (M+, 100); HRMS Calcd for

Ca6H1604: 392.1049. Found: 392.1054.
8,9,11,12-Tetramethoxydibenzo[def,plchrysene (13a). Reaction of 10a (82 mg, 0.23 mmol)

with OsOy4 (64 mg, 0.25 mmol) by the procedure described for preparation of 11b gave crude 11a

which was dissolved in a stirred suspension of KOH (253 mg, 4.5 mmol) in 4.5 mL of dry DMSO.

To this was added Mel (0.3 mL, 4.8 mmol), and the mixture was stirred overnight at room temper-

ature. The usual workup and chromatography on a Florisil column eluted with hexane-THF (95:5)

furnished 13a (81 mg, 85%), mp 143-145 ‘C: ITHNMR $9.13 (s, 1),9.07(d,1,]=79Hz),898(d,1,] =

2

95HZz)892(d 1 T=81H2YRRI(d 1 I=76Hz) 844(4d 1 T=68Hz) 8N2(dd 1 1 —-7Q >\ 77

o Eaky, O ARy A, Ted daLyy UWTS My a1, g £ 2aLiyy OXT My Ay ) Vel LALijy DI T MLy, L, ) = 7 .7 QAL), /4O
(Ad 1 T 68 H2\ 7727(Ad 1 T—£2 QT2 784 (A 1 T_QETIT:\ A% fc 2 AN fc AN ANT o AN A1A
\ald, &,y =00 114y, /ia\Ul, 1, ) =07 1012), /.0%\Q, L, | = T.I0TI14), 4..0(8,0), 4.££ 5, 0),4.£1 (8§, 9), 4.14
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Calced for CpgH27204: C, 79.60; H, 5.25; Found: C, 79.61; H, 5.30.
trans-8,9-trans-11,12-Tetrahydroxy-8,9,11,12-tetrahydrodibenzo[def,plchrysene (5). (A)
From 12a. Compound 12a (30 mg, 0.076 mmol) was dissolved in 70 mL of CH2Cl; and 0.82 mL of a
1M solution of BBr3 in CH2Cl; was added dropwise at 0 °C. The solution was stirred at room temp-
erature for 5 h, and then the reaction was quenched by addition of 0.2 mL of water. Following
removal of the solvent under vacuum, THF (20 mL) and EtOAc (100 mL) were added, and the

nrs:r-mw !avpr was washed with water, and dried over NaSO4. Fvannrahnn of the solvent afforded

crude 11, 12—d1hydr0xyd1benzo[def plchrysene-8,9-dione (12b). To this was added 120 mL of EtOH

sl AT D Mo CiiomAaARCiAn TArac obinead Arrowes ol room temperature
alitd 1\!an4 \JUU 1115, ].J L llUl}, d.l.lu. UlC SUSPEIIVULIL Wdad builicu UVCIIUB t I feulpexa‘i‘uu:

Anal.

—

with Op bubbling through it. Following removal of the solvent under vacuum with heating, water
was added, and the aqueous suspension was extracted with EtOAc-THF. The organic extracts were
washed with water, dried over NaSOy, and evaporated to dryness. Chromatography of the residue
on a column of Florisil eluted with hexane-THF (3:7) gave 5 (23 mg, 81%) as a white solid identical
in its physical and spectral properties with authentic 5 prepared by method (B).
(B) From 13a. Compound 13a (30 mg, 0.071 mmol) was dissolved in 50 mL of CH2Cl, and 1.0
a 1M solution of BBr3 in CH,Cly was added dropwise at 0 °C. The solution was stirred for 1 h

uenched bv addition of 0.2 mL of water, The solvent was

a
Ast WAL - ¥ i LILIL VW AS UCIILiitia Uy Gl vhe 1iila N1 VVHAMCA,  AZIT SUFAVIAAL VYAS

removed under vacuum, THF (20 mL) and EtOAc (100 mL) were added, and the organic layer was

ara saralbas Aot 3 s L~ e 3 ___ ~ £ 1 Q011

deneu w1m water, ClI'IEQ over l\J azSU4 anu evapo ated 1o aryness to atfora o,¥,11, 14—tetranyuroxy-
dibenzofdef,pjchrysene (13b): 1H NMR (acetone-dg) 8 9.21 (s, 1),9.12(d, 1, ] = 8.0 Hz), 9.01 (d, 1, ] =
8.0 Hz), 891 (d, 1, ] = 8.0 Hz), 8.68 (s, 0.6, exchangeable with D;0), 8.64 (d, 1, ] =9.2Hz),843(d, 1,]
= 7.7 Hz), 8.30 (s, 0.6, exchangeable with D;0), 8.15 (s, 0.6, exchangeable with D;0), 8.12 (s, 0.6,
exchangeable with D;0O),8.02 (t,1,] =79Hz),7.77(dd, 1,]=7.7Hz),7.73(dd, 1, ] = 7.0 Hz), 7.44 (4,
1,]=9.2 Hz). Compound 13b was further characterized by conversion to its tetraacetate (13c) with

Ac20: 13c was obtained as a yellow solid, mp 202-205 ‘C: ITHNMR §9.10(d, 1,]=9.5 Hz), 9.01 (d,

1,]=82Hz),897(d,1,]=73Hz),889(d, 1,]=7.6Hz),851(s,1),8.13(dd, 1, ] = 0.9, 7.7 Hz), 8.07
(dd 1. T=78Hz) 781 (dd 1 I=78H7\ 774(3dd 1 T=76Hz\ 70 (A 1 T=98Hz) 284(c 2 7KK
\W\3, 2, AP BRL ), 7401 N, 2,y i xidiy, d T\, 1,y PG AL, U (M 1, TS AR [y dmn I T \Oy Ty ke T
fe A DIR7 (e AY DA o 2V NAC wa /o R2AA MNA+ £Y 140 10N TIRNAC Calnd e O TT__M_. 24 1231
\S, JJ, &.37 35, O), £20 \5, I, Vi3, Tilj€, 504 (ivi7, O), 1537 (1uU); rinuvid Laila 105 \L320127VU81 594.1310
Found: 534.1319.

To 13k

b in 50 mL of EtOH was added NaBH4 (500 mg, 13.2 mmol), and the suspension was
stirred overnight at room temperature with Oz bubbling through it. The usual workup gave 5 (23
mg, 81%) as a white solid: MS, m/e, 370 (M+, 15); 309 (M+, 100); HRMS Calcd for CagH»Oy4:
422.1518. Found: 422.1518; HRMS Calcd for Cp4H1804: 370.1205. Found: 370.1202; UV lmax (e) 209
(7.44 x 10%), 277 (5.84 x 10%) nm; IH NMR analysis showed two isomers of 5; 13C NMR (THF-dg) &
73.1,734,745,75.0,75.1,75.2, 76 .4, 76.8, 121.0, 120.3, 121.3, 122.1, 122.2, 123.5, 124.3, 124.5, 125.2,
1254, 126.0, 1264, 126.8, 127.0, 127.4, 127.5, 127.6, 127.6, 127.8, 127.9, 128.0, 128
32.5,

132.7. The isomers were
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a

51(,1,]=81Hz),712(d,1,]=11Hz),6.17(d,
DZO, ] =5.0 Hz), 4.92 (d, 0.6, exchangeable with D;0O, | = 5.0 Hz), 4.83-4.89 (m, 2, on addition of DO
changed to two doublets: d 4.89, 1, | = 11 Hz; 4.84, 1, | = 10 Hz), 4.61-4.64 (m, 1, on addition of DO
changed to doublet, | = 11 Hz), 4.51-4.53 (m, 1, on addition of D20 changed to doublet, | = 12 Hz).
Isomer 5b was a white solid, mp ~240 ’C (darkening): 'H NMR (THF-dg)  8.67 (d, 1, ] = 8.2 Hz), 8.52
(d,1,]=82Hz),846(d,1,]=82Hz),829(s,1),792(d, 1,]=74Hz),761(dd,1,]=77,79 Hz),
759(dd,1,]=70,80Hz),752(dd,1,]=7.7,74 Hz),7.10 (dd, 1,] =10, 2.3 Hz), 6.18 (dd, 1, ] = 10,

282 .., 7

2.0 Hz), 5.13 (d, 0.6, exchangeable with D20, | = 5.0 Hz), 5.03 (d, 0.6, exchangeable with DO, ] = 5.0

TX Y A QN A QA (. o~ ALY Y Alemam e ke Tl 1. T 11 BT A T7Q_ A QN S 1 on aAdds
rnaj, «.720-4.74 (111, l, Il duulLlU OL LIV umuscu (O aduoien J = 11 114}, 4./ 7-4.04& (111, i, UIl auuliiun
- 1

of D20 changed to doublet: j = 11 Hz), 4.61-4.58 (m, 1, on addition of D20 changed to doublet: | = 12
Hz), 4.49-4.55 (m, 1, on addition of D70 changed to doublet: ] = 12 Hz).

11,12-Dihydroxy- and 11,12-Diacetoxydibenzoldef,p]chrysene (10b and 10¢). To a stirred
solution of 10a (91 mg, 0.25 mmol) in 240 mL of CH,Cl; under argon was added dropwise 2.5 mL of
a 1M solution of BBr3 in CH2Cl> at 0 'C. The solution was stirred for 1 h at room temperature and

worked up in the usual manner to furnish 10b (77 mg) as a dark solid: 1H NMR (acetone-dg) 59.12

(d,1,J=81Hz),9.00(d,1,7=71Hz),898(d,1,]=7.8Hz), 893 (s,1),8.68(d, 1,] =9.3 Hz), 8.12 (d,
1 7= 74H7\ 806 (d, 1, I = 9.0 Hg) 99(dd 1,7=79,7.6Hz),7.88(d,1,]=9.0Hz), 778 (dd, 1, [ =
77 e F A S W r s TN A Re=)y A 4 7] ’ e Yt 4 77 et ¥4 D Saneartd 77

AQ 77 2Y 77A(A4 1 T—-21 £0Q \ 781 (d 1 T—=02 Hz) Tn viaur nf itc air cangitivity 1Nh wae
0.7, 7.0 1dj, /.72 GG, 1, j =861, 0.0 Zj, 101\ Q, 1, ) = T2 00Z). 11 VIEW U1 16 all SCISIIVIYY, 1vo Was

characterized as its diacetate. A solution of 10b (77 mg) in 3.0 mL of Ac0 and 5.0 mL of pyridine
was stirred overnight at room temperature The usual workup provided 10c (91 mg, 87% for 2
steps) as a yellow solid, mp 212-214 C (1it.25> 191-193 C) (EtOAc): 1H NMR § 9.13 (d,1,]=94Hz),
9.04(d,1,]=81Hz),893(d,1,]=74Hz),892(d, 1,]=79Hz), 851 (s,1),811(d, 1, ] =73 Hz),
8.04(t,1,]=77Hz),798(d,1,]=9.1Hz),791(d, 1, ] =9.0Hz),7.80(dd, 1,]= 7.0, 8.0 Hz), 7.74 (dd,
1,]=81,70Hz),758(d, 1,] =9.4 Hz), 2.63 (s, 1), 2.44 (s, 1). Anal. Calcd for CogH1804: C, 80.37; H
4.34; Found: C, 80.12; H, 4.39.
trans-11,12-dihydroxy-
(42

; -

added, and the aqueous suspension was extracted with EtOAc. The combined organic extracts were
washed with brine, dried over NazSOy, and evaporated to dryness. Chromatography of the product
on a column of Florisil eluted with hexane-THF (4:1) afforded 3 (28 mg, 83%) as a yellow solid, mp
220-222 °C (lit.252 190-192 °C, lit.25b 202-204 "C): 1H NMR (DMSO-ds) $8.98 (d, 1, | = 7.8 Hz), 8.94 (d,
1,]=80Hz),852(d,1,]=80Hz),842(s,1),825(d,1,J=7.6Hz),8.14(d,1,]=88Hz),809(d, 1,]
=89Hz),803(dd, 1,]=7.8Hz),7.77 (dd,1,]=72Hz),7.70(dd, 1,] =7.1 Hz), 7.26 (dd, 1, ] = 10, 2.0
Hz), 6.29 (dd, 1, | = 10, 2.2 Hz), 5.44 (d, 1, exchangeable with D70, | = 6.0 Hz), 5.85?? (d, 1,
exchangeable with D70, | = 5.0 Hz), 4.70-4.73 (br s, 1), 4.58-4.61 (br s, 1); MS, m/e, 336 (M+, 12); 318
(M*+-H0, 100); HRMS Calcd for Cp4H1602: 336.1150. Found: 336.1153; UV(EtOH) lax () 213 (5.97

FROS B L S ;16 20 . EE A A AT
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+« 104 282 M0t 104) 2471200 v 104) 2092 (D 22 v 104) 204 (300 v 104) 245 (2 50 x 104) 361 (2.73 x
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andy
1U*) un.

trans-11,12-dihydroxy-anti-13,14-epoxy-11,12,13,14-tetrahydrodibenzo[def,plchrysene (4).
To a solution of 3 (50 mg, 0.15 mmol) in 7.0 mL of freshly distilled THF was added dropwise a
solution of m-CPBA (250 mg, 1.45 mmol) in 7.0 mL of THF at 0 °C. The mixture was stirred for 4h
and then poured into 250 mL of cold EtOAc. The organic layer was washed with cold aqueous
solution of NaOH, water, and then dried over Na2SO4. Evaporation of the solvent without heating
gave 4 (45 mg, 86%) as a white solid, mp 173-175 ‘C (lit.25b 177-179 "C): 1H NMR (DMSO-d) 5 9.05
(d,1,]=79Hz),899(d,1,]=80Hz),867(d,1,]=81Hz),847 (s,1),830(d, 1,] =7.5Hz), 8.18 (d,
82(dd,1,J=78Hz),7.76(dd,1,] =79

EN e n\/n‘-\or\nﬂ l-\ln writh NN
JWU L, CRUAAIRECa0IC Wil LWy,
Y

i

Dibenzoldef,pichrysene-11,12-dione (14). A solution of 3 (17.5 mg, 0.052 mmol) and DDQ
(47.5 mg, 0.21 mmol) in wet THF (9 mL, 1%) was stirred for 2 days. Water was added, and the pre-
cipitate was collected, washed with water and ether, and dried to yield 14 (15.2 mg, 87%) as a black
solid, mp 270-272 "C (1it.252 234-236 "C, 1it.25> 278-280 "C): 1TH NMR §8.90 (d, 1, ] = 7.5 Hz), 8.88 (s, 1),
882(d,1,]=75Hz),849(d, 1,/]=105Hz),830(dd, 1,]=8.0,1.0Hz),822(d, 1,]=75Hz), 8.14 (d,
1,]=85Hz),811(d,1,]=8.0Hz),810(d, 1,]=85Hz),785(dd, 1,]=8.0,70Hz),7.73(dd, 1,] =
8.0,7.0Hz), 6.57 (d, 1, ] = 10.5 Hz); MS, m/e, 334 (M+, 70); 304 (M*, 100).
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