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ABSTRACT

Chrysenols are formed together with other metémoivhen chrysene is metabolized
in living organisms. The principal metabolites ageded as pure compounds for reference
materials and standards to study various aspetissoinetabolism. In this study the 1-, 2-, 3-
, and 4-chrysenols have been made in pure formhbtophemical ring closure of
[(methoxyphenyl)vinyllnaphthalene to the methoxyd®nes followed by deprotection, and
purification of the chrysenols. The method maypplied to make the single pure
compounds in high yields.

INTRODUCTION

Although chrysene is among the less carcinogeAlds? their metabolites are of
interest. Chrysene has been proposed as a bionmarkaonitoring the exposure of marine
life to pollutants from both onshore industry ahd bffshore oil industry (1). This synthetic
work was initiated by the need of reference malefa this kind of research (2). In fish
chrysene is rapidly transformed into its metabs)itnd among these are 1-,2- ,3- and 4-
chrysenols.

The first systematic work to obtain the variousysknols was reported by Cook and
Schoental as early as 1945 (3). Note that theg dgkerent numbering of the substituents
than the current IUPAC nomenclature. Later a lovofk was done to prepare some of the
regioisomers reflecting the improvement of synthatethods along the way.

Direct oxidation of chrysene gives reaction mainlyhe K-region (5- and 6-position)
(4). Thus the skeleton has to be assembled wieléunctionality is in place. This has been
done by assembling a partly saturated skeletortt@rdoxidizing the compound down to the
chrysene (5, 6, 7) or by assembling aromatic ringa Suzuki cross coupling reaction (8).
The ring system may be made by a photochemicaizeyin with iodide (9, 10, 11)

What appears to be the shortest way to the fumalized chrysene skeleton consists of
a Wittig-type reaction to connect a naphthalené with a benzene ring through a double
bond followed by the photochemical cyclization teegthe chrysene ring system. This
method has been used by a number of groups (22113, 14, 15) to obtain different
substituted chrysenes, and appears to have betenséandard way for making substituted
chrysenes. We decided to use the same approacd thilg to improve on the actual
reactions.

RESULTSAND DISCUSSION

The synthetic route is shown in Figure 1. We dedito do the Wittig-reaction from
the Wittig-salts of methoxybenzyl chlorides anddphthaldehyde, as chlorides are less
expensive and should be reactive enough (12). nfégtboxybenzyl chlorides were mixed
with 1.1 eq. triphenylphosphine and stirred undgaiNL20 °C for two days. The solvent was
removed under reduced pressure and the remainiidlg seashed 5 times with diethyl ether.
We obtained the Wittig-salts of 2-methoxybenzylotide (92%), 3-methoxybenzyl chloride
(82%) and 4-methoxybenzyl chloride (94%). The Wialts were reacted with 1-
naphthaldehyde under phase-transfer conditionsl@2yith 50% NaOH in CkCl, at room
temperature for 1-3 days. The reactions were joadlyt quantitative for all compounds. The
NMR signals of the olefinic hydrogens showed aB/Z-ratio for all 3 compounds.
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Figurel. Synthesis of the 1-, 2-, 3-, and 4-chrysenols

This is less selectivity than reported for simdéampounds (12, 13), but the E/Z-ratio is of no
importance in that further reactions of the E/Za®ws gives the same photoproduct.

Photochemical oxidative cyclization with oxygemrsent gives low yields for
compounds with methoxy groups, which appear tdé&rroxidize. Liu et al. (16) developed a
method where stoichiometric amounts of iodine wesed as oxidant. Stoichiometric
amounts of iodine make it possible to use an amenbsphere. The intermediates will
isomerize on the double bond and annulate intehingsene skeleton. Left unattended the
formed HI will reduce the stilbene double bond gnhe byproducts. Adding propylene oxide
to consume the formed HI improves the yields. [Elss toxic butylene oxide works as well
as propylene oxide (15). Due to safety restriction benzene toluene was used as solvent.
This worked as well as and even slightly fastenttie reaction in benzene. In solvents
degassed by ultrasound and an inert atmosphergpnoducts were formed. Increasing the
concentration of the reaction mixture from 3 mMtad5 mM worked well, but a 25 mM
solution gave traces of byproducts. The reaciioed required were less than proportionate
to the increased concentrations.

Thus, 1-[2-(2-methoxy-phenyl)-vinyl]-naphthalensvg pure 1-methoxychryser (
in 59% vyield after recrystallization from toluenjile 1-[2-(4-methoxy-phenyl)-vinyl]-
naphthalene gave pure 3-methoxychrys@\en(42% yield after recrystallization from
heptane. These yields can be substantially imprtyeflash chromatography, but these
compounds are rather cumbersome to purify, at astlica gel, due to low solubility in the
eluent and poor separation from large band broadeni
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Figure 2. With botho-positions free, therxmethoxylated beﬁzylnaphthyletane gives two
different products.

The meta-substituted 1-[2-(3-methoxyphenyl)vinyfjhthalene gives different products from
the two reactive positions (Figure 2), resultin@tmethoxychryseneg) and 4-
methoxychrysene&d] in a 1:1 mixture (Measured on HPLC). Olsen aneR (11) goR and

4 in a 1:3 ratio with iodine in cyclohexane undegriratmosphere, but without any epoxide).
Recrystallization of the mixture from acetone gd0é6 of pure2. The mother liquid was
purified by flash chromatography to yield 40%4of Chromatography df is also less
cumbersome than for the other compounds.

Deprotections of methoxy-PAHs are usually dondn\BBrs;. This procedure is
reported to be practically quantitative ®¢13). Among the many other methods of cleaving
a methoxy group on an aromatic ring, a method usaigssium in THF (17) got our
attention. The method is simple and was repodagivie phenol from methoxybenzene in 94
% yield. The reaction follows a radical mechaneml probably forms a radical anion. The
outcome, demethylation or demethoxylation, variéh the reaction conditions. THF was
reported to promote demethylation while less pstdvents promote demethoxylation. The
radicals are later quenched in ethanol to giveptbeducts.

Table 1. Deprotection of methoxygroups to chrysenols

K BBrj3
Yield Purity Yield Purity
1-Chrysenol ) 62 % >90 % 96 % ~90 %
2-Chrysenol §) 73 % >95 % 93 % >99 %
3-Chrysenol ) 60 % >90 % 5898 >98 %
4-Chrysenol §) 62 % >90 % 96 % ~90 %

@ Mechanical losses. Seidel (13) reported 99%Hersame reaction



Our results are shown in Table 1. The potasseantion gave substantial amounts of
chrysene together with the chrysenal$, 7 and8. The BBg- reaction was also more
sluggish than reported by others. Sometimes itthd left overnight at room temperature to
achieve high yields. The product was still oftemtaminated with unreacted starting
materials. Sublimation removed colored impurities$ our principal contaminants remained.
Attempts at recrystallization didn’t improve therpy either. As mentioned before, flash
chromatography on silica gel of these compoundsouathersome. Small differences in
retention times between product and impurities miad#ficult to obtain pure compounds.
The chrysenols, particularB; are also prone to oxidation by extended handhrajr.

To further purify5 and8 the hydroxy-group had to be protected. Silyl-pctte
groups are known to enhance the mobility of compsuon silica gel. Acidic deprotection
should also allow the groups to be easily removitdont much workup. Based on half-lives
in acidic conditions of silyl-groups on creosol Y1Be TBDMS-group appeared to balance
chromatographic stability and ease of removal.

Silylation with TBDMSCI and imidazole in DMF gayeire 1t-
butyldimethylsilanoxychrysen®)in 82% yield fromb and 4t-
butyldimethylsilanoxychrysend@) in 70% yield from8 after purification by flash
chromatography. The protective groupofas removed with HCI in methanol at 40 °C for
two days. Upon cooling the product precipitated eould be filtered off to yield 85% of the
pures.

Deprotection ofl0 was more cumbersome as the compound didn’t dissolv
methanol. In ethanol the reaction took 5 days aedtoduct had to be precipitated with
water. The product contained 10% of unreadf2dBut these compounds were easily
separated by flash chromatography. By exclusiasrah the column and solvents a 70%
yield of pure8 was obtained.
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EXPERIMENTAL

The photochemical reactions were performed in@tddemical Reactors Ltd. 400 W
medium pressure Mercury-lamp in a 2 L quartz immoersvell reactor fitted with a no. 3408
glass filter sleeve. Silica gel Silice 60A C.C.48um from SDS were used for Flash
chromatography. Melting points were obtained ialeg capillary tubes on a Stuart Scientific
melting point apparatus SMP3. Nmr-spectra weresomea on a Varian Mercury 300MHz
instrument with tetramethylsilane as internal refexe. Purity of compounds and
composition of mixtures were analyzed on a VYDA@amse phase C18 column in a Thermo
separation products spectra system HPLC with a @@&tector adjusted to 254 nm.
Eluents used were acetonitrile and a 0.05 M ammmoicetate water buffer at pH 4,0.



Wittig-salts - general procedure

A mixture ofo-, m or p-methoxybenzyl chloride (18 mmol) and triphenylpploise
(18 mmol) in toluene (18 ml) was stirred underagtn at 120 °C for two days. The solvent
was then removed under reduced pressure and tleniamsolids washed with diethyl ether
(5x20 mL). The Wittig-salt remained as a white plewin 82-94 % vyield.

Wittig reaction — general procedure

The Wittig salt (16.6 mmol) was mixed with 1-napditdehyde (13.8 mmol) in DCM
(120 mL) and added 50% aqueous NaOH (12 mL). Tiké&ure was vigorously stirred at
room temperature under nitrogen for 1 day fordghandp-substituted compounds. The
substituted compound required 3 days. The reaatiature was washed with water (300
mL). The water phase was extracted with DCM (1Q).mhe combined DCM-phases were
dried with MgSQ and concentrated under reduced pressure. Themegail was purified
by flash chromatography on silica gel (HeptaneyEdlcetate 9:1) to give 97-99 % of the
stilbenes as thick colorless oil.

Photochemical cyclization — general procedure

The photo reactor was flushed with &hd charged with [(methoxyphenyl)vinyl]
naphthalene (1 eq.), iodine (1.1 eq.), 1, 2-epotaytel (30 eq.) and degassed toluene (1.2 L).
The toluene was degassed by ultrasound for 10umcter N atmosphere. The reaction was
irradiated until the color of iodine disappearedb (@ 6 hours depending on concentration).
The reaction mixture was concentrated under redpoeskure to about 400 mL, washed with
10% NaS,03 (100 mL) and brine (100 mL), dried with Mg$@nd evaporated to dryness.
The pure products were obtained by recrystalliratio

1-Methoxychrysene (1):

After 1.5 h of irradiation 1-[2-(2-methoxyphenwiayl]-naphthalene (0.973 g, 3.74
mmol) gave 0.570 g (59%) dfas leaf-formed white crystals upon crystallizatimm
toluene. Melting point 186-187 °C. Lit.: 185-186 (19), 188-190 °C (20)

'H-nmr (acetone) &: 4.11 (s, 3H), 7.18 (d, J=7.8 Hz, 1H), 7.65-7(79 3H), 8.07-8.11 (m,
2H), 8.48 (d, J=9.0 Hz, 2H), 8.83 (d, J=8.7 Hz, 1886 (d, J=9.3 Hz, 1H), 8.94 (dd, J= 8.8,
0.9 Hz, 1H)

2-Methoxychrysene (2) and 4-Methoxychrysene (4):

After 4 h of irradiation 1-[2-(3-methoxyphenyl)nyl]-naphthalene (3.75 g, 14.4
mmol) gave a mixture df and4 in a 1:1 ratio (measured by HPLC). The crude omxivas
recrystallized from hot acetone and p@rdtered off. The filtrate was concentrated and
recrystallized once more to obtain a total of Ig52f 2 as a white powder. The filtrate was
concentrated and purified by flash chromatograptgpfane: Ethyl acetate 7:1) to obtain 1.41
g of 4 for a combined yield of 80%.

2. Melting point 251.5-252.5 °C. Lit.: 250-251 {8), 251-252 °C (11), 246-247 °C (8)
'H-nmr (acetone+) 5: 4.00 (s, 3H), 7.38 (dd, J=9.3, 3.0 Hz, 1H), A&$3)=2.7 Hz, 1H),
7.62-7.76 (m, 2H), 8.03-8.09 (m, 3H), 8.77-8.54 B), 8.89 (d, J=8.4 Hz, 1H)

4. Melting point 113-114 °C. Lit.: 102-103 °C (3)02-104 °C (11)
'H-nmr (acetone)d: 4.18 (s, 3H), 7.31 (dd, J=7.5, 1.2 Hz, 1H), 77574 (m, 4H), 8.00-
8.06 (m, 3H), 8.88 (d, J=8.7 Hz, 1H), 8.89(d, J48# 1H), 9.81 (d, J=9.3 Hz, 1H)



3-Methoxychrysene (3):

After 6 h of irradiation 1-[2-(4-methoxyphenyl)nyl]-naphthalene (3.75 g, 14.4
mmol) gave 1.56 g (42%) &fas white crystals upon double recrystallizatiamnfrheptane.
Melting point 146-147.5 °C. Lit.: 145-146 °C (947.5-148.5 °C (21)

'H-nmr (acetone) &: 4.09 (s, 3H), 7.33 (dd, J=8.7, 2.4 Hz, 1H), 77647 (m, 2H), 7.98-
8.08 (m, 4H), 8.30 (d, J=2.7 Hz, 1H), 8.71 (d, J48z, 1H), 8.84 (d, J=8.7 Hz, 1H), 8.90 (d,
J=7.8 Hz, 1H)

Deprotection with potassium — general procedure

To methoxychrysene (1 mmol) in dry THF (30 mL) vealsled potassium (3 eq.) and
refluxed under Nfor 4 h. The black solution was allowed to reembm temperature before
it was poured into cold ethanol (50 mL) under stgr To the mixture was added 0.1 M HCI
(25 mL) and brine (25 mL) before it was extractathddCM (3x50 mL). The combined
DCM-phases were dried with MgG@nd concentrated under reduced pressure. Thegisod
were purified by flash chromatography (HeptaneyE#icetate from 3:1 to 9:1).

Deprotection with BBg — general procedure

Methoxychrysene (7 mmol) in DCM (125 mL) was stitrunder Nat -25 °C and
added 1.0 M BByin DCM (1.3 eq.) After 30 min. the reaction wdlswed to reach room
temperature and stirred for another 4 h. The i@achixture was then poured over crushed
ice (400 mL). When the ice was melted the mixtuas diluted with DCM (300 mL) and 0.1
M NaOH (200 mL) and extracted. The water phasdyding undissolved matter) was
extracted with ethyl acetate (200 mL). The comtiamanic phases was washed with water
(300 mL) and brine (300 mL), dried with Mg$@nd concentrateith vacuo to yield the crude
product.

2-Chrysenol (6)

The crude product after deprotection of 90% uf#&,2950 g, 5,017 mmol) with BBr
was sublimed at 175 °C, 2xi@nBar, to remove coloured impurities, and subsetiyien
purified by flash chromatography (Heptane: Ethytate 3:1-1:1) to yield 1.0210 g (93%
when subtracting impurities in starting materidlpti-white powder (>99% pure on HPLC).
The solids have to be completely dry before contaitt air to avoid discolouration.

Melting point: Decomposes at 284-287 °C in a seaéglllary tube. Lit: 273-275 °C (3),
265-267 °C (5).

'H-nmr (acetone) &: 7,36 (dd, J=2.7, 9.0 Hz, 1H), 7.42(d, J=2.7 H4),T7.60-7.75(m, 2H),
7.94(d, J=8.7Hz, 1H), 8.03-8.07(m, 2H), 8.75-8.808H), 8.86(d, J=8.4 Hz, 1H), 8.87(s,
OH)

3-Chrysenal (7)

Crude(3) (1.5644 g, 6.006 mmol) was, after reaction withr8and mechanical
losses), sublimed at 190 °C, 2X1®Bar and subsequently purified by flash chromatplyy
(Heptane: Ethyl acetate 4:1) to yield 0.8533 g (58%@ (>98 % pure on HPLC) together
with 14% recovere®. Melting point: Decomposes at 268-270 °C in a seadgilllary tube.
Lit: 271-273 °C (21)

'H-nmr (acetone) &: 7.30 (dd, J=9.0, 2.5 Hz, 1H), 7.63-7.75 (m, ZHP4-8.06 (m, 4H),
8.23 (d, J= 2.1 Hz, 1H), 8.64 (d, J=8.7 Hz, 1H§,78d, J=8.4 Hz, 1H), 8.86 (s, OH), 8.88 (d,
J=8.7 Hz, 1H)



Purification by silylation — desilylation

1-tert-Butyl dimethyl silanoxychrysene (9)

Crudel (1.8519q, 7.17 mmol) gave upon deprotection willrsa crude solid (1.7895
g, 7.3247 mmol). This solid and imidazole (1.496@1.97 mmol) was dissolved in DMF
(20 mL) under N at room temperature and added 1.0M TBDMSCI in THEO mL, 11.0
mmol). The mixture was stirred overnight and thdéated with ethyl acetate (200 mL) and
washed with water (100 mL). The water phase waseted with ethyl acetate (100 mL).
The combined organic phases was washed with htd@ L), dried with MgS®and
concentratedn vacuo. The product was purified by flash chromatogra®gtroleum ether:
Ethyl acetate 19:1-9:1) to yield 2.1400 g (82%pofe9. Melting point: 159-161 °C
'H-nmr (acetone) &: 0.37(s, 6H), 1.16(s, 9H), 7.18(dd, J=0.9, 6.9 H4), 7.60-7.79(m,
3H), 8.07-8.12(m, 2H), 8.46(d, J=9.3 Hz, 1H), 8c4(=8.7 Hz, 1H), 8.84(d, J=8.7 Hz, 1H),
8.88(d, J=9.3 Hz, 1H), 8.94(d, J= 8.4 Hz, 1H)

1-Chrysenal (5)

The solution 0B (1.4603 g, 4.073 mmol) in degassed methanol (100was added
6.0 M HCI (15 mL) under N After stirring at 40°C for 2 days, the mixturasvcooled on an
ice bath and filtered under,NThe solids were dried under reduced pressuwyelt 0.8420 g
(85%) of5 as a white powder (Pure on HPLC). Melting poiddes not decompose below
350 °C in a sealed capillary tube. Litt: 281-283(%), decompose at 278-280°C (7)
'H-nmr (acetone) &: 7.14(d, J= 7.5 Hz, 1H), 7.56( dd, J= 7.8, 8.1 H4), 7.65-7.79(m,
2H), 8.07-8.10(m, 2H), 8.40 (d, J=8.4 Hz, 1H), 8@&1J=9.3 Hz, 1H), 8.81(d, J=3.9 Hz, 1H),
8.84(d, J=3.9 Hz, 1H), 8.94(d, J=8.4 Hz, 1H), ql2@ad s, OH) In fair agreement with
literature data (7).

4-tert-Butyl dimethyl silanoxychrysene (10)

Crude8 (0.2793 g, 1.143 mmol) from deprotection with BBand imidazole (0.234 g,
3.44 mmol) was dissolved in DMF (5 mL) under &d added 1.0 M TBDMSCI in THF (1.7
mL, 1.7 mmol) and stirred at room temperature ogétn To the mixture was added ethyl
acetate (50 mL) and extracted with water (30 mLh)e water phase was extracted with ethyl
acetate (15 mL). The combined organic phases vaab&d with brine (15 mL) concentrated
and purified by flash chromatography (Petroleuneetkthyl acetate 19:1) to yield 0.2879 g
(70%) of10 as a pale yellow solid. Melting point: 147-149 °C
'H-NMR(CDCls) &: 0.37 (s, 6H), 1.11(s, 9H), 7.28(dd, J=0.9, 728 HH), 7.55(t, J=7.8 Hz,
1H), 7.64-7.76(m, 3H), 8.00-8.08(m, 3H), 8.86(d8.J-Hz, 1H), 8.92(d, J=8.4 Hz, 1H), 9.85
(d, J=9.0 Hz, 1H)

4-Chrysenol (8)

To a solution 0fl0 (0.1608 g, 0.448 mmol) in degassed ethanol (10under N was
added 6.0 M HCI (1.5 mL). The mixture was stiree@d0°C for 3 days under,Ncooled on
an ice bath, added degassed water (20 mL) anddsfor 1 h before filtration underoN The
solids were dried in vacuo, but contained 10% isigurnaterial. The compound were put on
top of a dry packed flashcolumn and eluted withadsgd solvents undeg KPetroleum ether:
Ethyl acetate 4:1) and yielded 0.096 g (88%3 et a white powder (Pure on HPLC).
Melting point: 172-172.5 °C in a sealed capillanpé. Litt: 152-153 °C (3)

'H-nmr (acetone) &: 7,26 (dd, J=7.5, 1.5 Hz, 1H), 7.48(t, J=8.1 H4), 7.58-7.75(m, 3H),
8.01-8.06(m, 3H), 8.86(d, J=9.0 Hz, 1H), 8.92(d8.1, 0.6 Hz, 1H), 9.64(s, OH), 10.00(dd,
J=9.6, 2.1 Hz, 1H)
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