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Anthracenes bearing a primary alkyl, w-hydroxyalkyl, aryl or vinyl
substituent at the 2-position are conveniently prepared by a copper-
catalyzed Grignard reaction on 2,3-epoxy-1,2,3,4-tetrahydroan-
thracene, followed by dehydration — dehydrogenation of the result-
ing alcohols with tetrachloro-1,2-benzoquinone (o-chloranil).

Direct alkylation and acylation of anthracene is known
to occur preferentially at the 9 or 9 and 10 positions,
and only under specific conditions have 2-substituted
derivatives been obtained.! Therefore, 2-substituted an-
thracenes are normally prepared by a multistep procedure
starting from phthalic anhydride and a monosubstituted
benzene; a sequence comprising an inter- and intramo-
lecular Friedel-Crafts acylation and reduction of the in-
termediate anthraquinone.? This classical method, how-
ever, suffers from several disadvantages such as the rather
drastic reaction conditions which preclude the introduc-
tion of sensitive functions in the side chain, and the poor
solubility of the intermediates in most organic solvents
makes their purification and characterization difficult.

We have now devised a new method for obtaining 2-
substituted anthracenes which is more general and also
superior to the one mentioned above because it operates
under milder conditions and involves intermediates
that are well soluble. It also allows the incorporation of
functional groups in the side chain.
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Our approach is outlined in Scheme 1 and uses 2,3-epoxy-
1,2,3,4-tetrahydroanthracene (5) as a key synthetic inter-
mediate. This compound is readily prepared by m-chlo-
roperbenzoic acid (MCPBA) epoxidation of 1,4-dihy-
droanthracene (4), which itself is available either from
tetrahydroanthraquinone (1),® or from 1,4-epoxy-1,4-di-
hydronaphthalene (2) and 2,5-dihydrothiophene 1,1-di-
oxide (3).* The latter method proved to be the most
convenient for producing large quantities of 4 (> 10 g).

Nucleophilic ring opening of the epoxide 5 with organo-
metallic reagents furnished the secondary alcohols 6. The
reactions were performed under a variety of conditions
and the results are summarized in Table 1. Whereas the
Grignard reagents gave the alcohols in only moderate
yields (entries 1, 6 and 12), considerable improvement
was achieved by adding 10 % of copper(l) iodide® and
by using an excess of combined organometallic reagent
(compare entries 2 and 3, and 13 and 14). A 6-fold excess
of reagent is sufficient since more equivalents did not
give much higher yields (compare entries 3 and 4). Or-
ganolithium/copper reagents can also be used but are
not superior to the copper-catalyzed Grignard reagents
(compare entries 3 and 5, and 14 and 15).
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Scheme 1. a) NaBH4/EtOH, r.t., 2h; b) HCI, reflux; ¢) toluene, 145 °C/autoclave, 36h;
d) HCI/MeOH, reflux, 15h; ¢) MCPBA/CHCI3, r.t. overnight; t) RMet (see
Table 1); g) o-chloranil/toluene, 110 °C, ‘overnight (see Table 2).
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Table 1. Reactions of Epoxide 5 with Organometallic Reagents

Entry Prod- R Met? Ratio of  Yield®
uct 6: RMet (%)
1 6a Bu MgBr 1:2 40
2 MgBr/Cul 1:1 12
3 MgBr/Cul 1:6 67
4 MgBr/Cul  1:12 70
5 Li/Cul 1:5 47
6 6b Ci6Hss MgBr 1:2.5 32
7 MgBr/Cul 1:6 73
8 6¢ (CH,),OTHP®* MgCl/Cul 1:2.5 80
9 MgCl/Cul  1:6 84
10 6d i-Bu MgBr/Cul 1:6 404
1 6e t-Bu MgBr/Cul 1:6 0
12 6f Ph MgBr 1:2 50
13 MgBr/Cul 1:1 40
14 MgBr/Cul 1:3 84
15 Li/Cul 1:2.5 87
16 6g 1-naphthyl MgBr/Cul 1:4.5 56
17 6h vinyl MgBr/Cul 1:6 62°

2 MgBr/Cul refers to 10% Cul added to the Grignard reagent;
Li/Cul refers to 50% Cul added to the organolithium reagent.
Yields isolated after chromatographic purification and corre-
sponding to trans structures unless otherwise indicated.

¢ THP = tetrahydropyran-2-yl.

Isolated as a 48 : 52 cis-trans mixture.

¢ Isolated as a 56 : 44 cis-trans mixture.

From Table 1 we also note that tert-butylmagnesium
cuprate failed to give any of the alcohol 6e (entry 11);
instead trans-2-bromo-3-hydroxy-1,2,3,4-tetrahydroan-
thracene (8) was obtained (20 %) and much of the starting
epoxide was recovered (35%). The less bulky isobutyl-
magnesium cuprate produced the alcohol 6d (entry 10),
but also the ketone 9 (15%) as a result of proton ab-
straction of the epoxide by the nucleophile. A common
minor side product in all the experiments was 2-hydroxy-
1,2-dihydroanthracene (10) (5-10%).
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The secondary alcohols thus obtained were found by
"HNMR spectroscopy to have the expected trans-con-
figuration (J, , = 10 Hz), except for R = isobutyl and vi-
nyl (entries 10 and 17) where cis-trans mixtures of the
alcohols 6d and 6h were isolated in ratios of 48:52 and
56:44 % respectively. The mechanism of formation of
the cis-isomers is uncertain, but may involve the inter-
mediacy of radicals generated by the copper(l) catalyst.
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The final step in our reaction sequence (Scheme 1) is the
conversion of the alcohols 6 into the 2-substituted an-
thracenes 7. For this purpose two quinones, 2,3-dichloro-
5,6-dicyano-1,4-benzoquinone (DDQ) and tetrachloro-
1,2-benzoquinone (o-chloranil),® in a two-fold excess
were treated with the alcohols 6 in refluxing toluene; the
results are summarized in Table 2. It is apparent that
o-chloranil is the best choice, since DDQ was only effec-
tive for the phenyl and 1-naphthyl substituted alcohols
6f and 6g, and even then gave the anthracenes 7f, g in
lower yields. Both reagents failed to convert the com-
pound 6d into the anthracene derivative 7d; only decom-
position products were observed. In the reaction of com-
pound 6h with o-chloranil, the dioxin 11 was produced
as byproduct and its yield depended on the amount of
reagent used (20 % and 52 % for one and two equivalents
of o-chloranil). Here, the best result was obtained when
p-chloranil was used as the dehydration/dehydrogenation
reagent, affording 2-vinylanthracene (7h) in 61 % yield.
This compound has previously been prepared by a mul-
tistep procedure and is of interest for the synthesis of
high molecular weight polymers.’

2,3-Epoxy-1,2,3,4-tetrahydroanthracene (5):

A mixture of 1,4-epoxy-1,4-dihydronaphthalene (2; 5.6g,
38.9 mmol), 2,5-dihydrothiophene 1,1-dioxide (3; 5.8 g, 49 mmol)
and NaHCO, (1 g) in toluene (50 mL) was heated in a steel autoclave
at 145°C for 36 h. After cooling, the precipitate was filtered and
washed with toluene (2 x 30 mL). The filtrate and combined extracts
were evaporated in vacuo, and the resulting oil was chromato-
graphed on silica gel with CHClj as the eluent to give 9,10-epoxy-
1,4,4a,9,9a,10-hexahydroanthracene (5.43 g, 70 %); mp 64-65°C
(Lit.**mp 64~ 66 °C). This compound was treated with concentrated
HCI1(12.5 mL) in refluxing MeOH (125 mL) for 15 h. After cooling,
the crystalline compound 4 was collected and washed with MeOH
(4.46 g, 91 %); mp 151°C (Lit.** mp 151-153°C).

A solution of compound 4 (4.46 g, 24.8 mmol) in CHCI, (100 mL)
was treated with MCPBA (5.7 g, 31 mmol) and stirred overnight
atr.t. The precipitated m-chlorobenzoic acid was filtered, the filtrate
evaporated, and the resulting residue chromatographed on silica
gel with CHCl, as the eluent to give epoxide 5 as a colourless solid
(3.9¢g, 81%); mp 159-160°C.

'HNMR (CDCl,, 250 MHz): 6 =334 and 3.50 (4H, 2d,
2J =17 Hz), 3.52-3.56 2H, m), 7.3-7.4 2H, m), 7.51 2H, brs),
and 7.15-7.25 2H, m).

Table 2. Conversion of the Alcohols 6 into the Anthracenes 7

Product R Yield (%)*
DDQ Method  o-Chloranil Method
Ta Bu 0 61
b C,eHas 0 63
7d i-Bu 0 0
7f Ph 44 68
g 1-naphthyl 53 74
7h vinyl 0 40°
7i (CH,),0H® - 40

2 The reactions were carried out with 2 equiv of quinone, except
for 7h (1 equiv).

® With 2 equiv of p-chloranil the yield was 61 %.

¢ This compound was obtained from 6c¢ after conversion into 7¢
followed by deprotection of the THP ether with HCI.
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3CNMR (CDCLy): 6 = 30.2 (CH,), 51.6 (CHO, “Jq, = 177 Hz),
125.3, 127.0, and 127.5 (CH,,,,.), 130.5, 132.6 (C,,0.).

MS (EL 70 eV): mjz = 196 (M**, 100), 178 (M** — H,0, 16), 165
(72), 152 (30).

Ci4H;,0 calc. CB8568 H6.16

(196.3) found 85.51 6.22

3-Hydroxy-2-phenyl-1,2,3,4-tetrahydroanthracene (6£); Typical
Procedure:

Method A (Met = MgBr): A solution of phenylmagnesium bro-
mide, prepared from bromobenzene (1.57 g, 10 mmol), Mg turnings
(0.24 g, 10 mmol) and a few crystals of I, in anhyd. Et,O (30 mL)
under N, atmosphere, was cooled to 0°C and treated with epoxide
5(0.98 g, 5 mmol) in anhyd. THF (10 mL). The mixture was stirred
overnight at r.t. and poured into ice-water (300 mL) containing
NH,CI(5 g). After extraction with Et,O (3 x 100 mL), the combined
extracts were dried (MgS0O,), evaporated and the residue chroma-
tographed on silica gel with CHCI,/Et,O (3: 1) as the eluent to give
alcohol 6f (0.7 g, 50 %).

Method B (Met = MgBr/Cul): A solution of phenylmagnesium
bromide, prepared from bromobenzene (4.71 g, 30 mmol), Mg
turnings (0.72 g, 30 mmol) and a few crystals of I, in anhyd. THF
(35 mL) under N, atmosphere, was cooled to — 15°C and treated
with a suspension of Cul (0.57 g, 3 mmol) in anhyd. THF (15 mL).
After stirring for 5 min, epoxide 5 (2 g, 10 mmol) was added and
the mixture was stirred for 24 h at r.t. The reaction mixture was
worked up as in Method A to give alcohol 6f (2.3 g, 84 %).

Method C(Met = Li/Cul): A benzene/Et,O solution (3: 1, 6.4 mL)
of PhLi (12.8 mmol) was injected with a syringe into a suspension
of Cul (1.21 g, 6.4 mmol) in Et,O (25 mL) at — 10°C. After stirring
for 20 min at this temperature, a solution of epoxide 5 (0.9 g,
4.6 mmol) in Et,0 (50 mL) was added dropwise over 30 min. The
mixture was stirred at 0°C for 1 h and worked up as in Method A
to give alcohol 6f (1.1g, 87%); mp 118-119°C (from pentane/
Et,0).

IR (XBr): v = 3578, 3547 cm ™! (m, OH).

"HNMR (CDCl,, 400 MHz): § = 1.8 (1 H, br s, OH), 3.045 (1H,
td, 3J,, =10, 3J,,=55Hz, H-2), 3.08 (1H, dd, 2J=17,
3J,, =10Hz, H-4),3.22 1 H, dd, 2J = 17, 3J,, = 10 Hz, H-1), 3.32
(1H, dd, 27 =17, 3J, =5.5Hz, H-1), 346 (1H, dd, 2J = 17,
3J,.=55Hz, H-4), 427 (1H, td, 3J,, =10, 3J,, = 10, 3J, =
5.5Hz, H-3), 7.25-7.42 (7H, m), 7.55, 7.63 QH, 2 s), 7.70-7.77
(2H, m).

I3CNMR (CDCl,): 6 = 36.9, 38.0 (C-1 andjor C-4), 49.5 (C-2),
71.6 (C-3), 125.3, 125.4, 126.1, 127.0, 127.1, 127.2, 128.0, 129.0
(CH, o> 1322 (X 2), 133.4, 1342, 1419 (C,.,..).

MS (EI, 70 eV): mfz = 274 (M*, 1), 196 (M** — Ph — H, 100), 181
(15), 178 (196 — H,0, 42), 165 (64), 152 (178 — C,H,, 25), 63 (17),
51 (C,HY, 13).

C,oH,;30 calc. C87.56 H 6.61

(274.4) found 87.38 6.50
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The following alcohols were similarly prepared (see Table 1 for
methods and yields): 6a (mp 89-90°C), 6b (mp 79—80°C), 6¢ (oil),
6d (as a 48:52 cis-trans mixture), 6g (mp 180°C) and 6h (as a
56:44 cis-trans mixture).

2-Phenylanthracene (7f); Typical Procedure:

A solution of alcohol 6f (260 mg, 0.95mmol) and o-chloranil
(469 mg, 1.9 mmol) in toluene (50 mL) was refluxed overnight under
N, atmosphere. After evaporation of the solvent, the residue was
chromatographed on silica gel with hexane/CHCI; (1:1) as the
eluent to give anthracene 7f as colorless crystals (165 mg, 68 %);
mp 207-208°C (Lit.® mp 208—209°C).

'HNMR (CDCl,, 400 MHz): § = 7.35-7.55 (5H, m, C.Hy,),
7.72-7.80 (3H, m), 7.97-8.04 2H, m), 8.07 (1H, d, 3J =8 Hz,
H-4), 8.20 (1 H, m, H-1), 8.43 and 8.47 (2H, 2 s, H-9, 10).
I3CNMR (CDCly): § = 125.4, 125.5, 125.6, 125.7, 126.0, 126.6,
127.4,128.2,128.3,128.8, 128.9 (CH,, ), 131.0, 132.0 ( x 2), 132.2,
137.9, 141.0 (C,, -

MS (EL, 70 eV): m/z = 254 (M, 100).

The following anthracenes were similarly prepared (see Table 2):
7a (mp 115-117°C), 7b (mp 96—97°C), 7g (mp 67-68°C), 7Th (mp
213-214°C, Lit.” mp 211°C), 7i (mp 115-117°C) prepared by
refluxing 7¢ with HCl in MeOH for 2 h.
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