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SCHEME 1. Synthesis ofO-Benzyl-Protected
Diarylmethanol 4 from 6-Bromopiperonal 1
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butyl groups [2tert-butyl-9,10-diphenylanthracene t@t-butyl-
9,10-di(4+ert-butylphenyl)anthracené}1° 9,10-bis(3,5 -diaryl)-
phenylanthracene (JBENH rotaxane of methyéxepyridinean-
thracené?1® 2,3,6,7-tetramethyl-9,10-dinaphthylanthracene
(TMADN), 4 2,6-bis(4-trifluoromethylphenyl)anthracetfeand
2,6-dithienylanthracen®, have been intensely investigated as
light-emitting materials in multilayer electroluminescence di-
odes.

In investigations on materials for molecular electronics, we
needed diarylmethanols with the protected OH function and free
benzaldehyde group starting from 6-bromopiperdn&ecause
an attempt to introduce the 3,4,5-trimethoxyphenyl group in a
one-pot procedure using the Kuroda et al. prottcghve a
complex mixture of unidentified compounds, a protection of
the aldehyde group il with ethylene glycol to give2 was

L)
(0]
OR

i HOCH,CH,OH/4-MeCgH4SO3H (cat.),
benzene, reflux, 26h.
ii 1) n-BulLi, -78°C, 10 min./THF;
2) 3,4,5-CgHy(OMe)3CHO, -78°C --> 0°C
i 1) NaH, r.t., 30 min./THF;
2) CgHsCH,Br (3eq.), KI (5%), 18h, r.t.

3:R=H
4:R=C

10-Benzyloxy-1,2,3-trimethoxy-6, 7-(methylene-1,3-dioxy)anthracene necessary (Scheme 1).

as a potential material for molecular electronics was syn-
thesized from th®-benzyl-protected diarylmethanol deriva-

Because of varying repotts® concerning the reaction time
(from 8 to 48 h for reactions of a similar scale), the protection

tive containing the 1,3-dioxyethylene acetal function via a reaction was monitored wittH NMR. In our hands, it required
one-pot procedure under acidic conditions (1 N HCI, 26 hfor completion to givé on a multigram scale and in almost

for benzene resulted in hydrolysis of the acetal function in
96% yield.

Increasing interest in ultrapure and structurally perfect crystals

and thin layers ofr-conjugated molecular semiconductors, such
as polycyclic aromatic hydrocarbons (anthracene, tetracene, an

pentacene), is connected with their potential application as active
elements in new generations of relatively cheap optoelectronic g .

devices, e.g., the field-effect transistors and light-emitting
diodes!™ Physical properties of these compounds, unlike
traditional inorganic semiconducting materials requiring multiple
processing steps, may be simply tailored through chemical

n-BuLi/n-hexane in a THF solution to give—Li followed by
condensation with 3,4,5-trimethoxybenzaldehyde afforded the

(5) Liu, S. W.; Huang, C. A.; Lee, J. H.; Yang, K. H.; Chen, C. C;
Chang, Y.Thin Solid Films2004 312—313 453-454.

(6) Shi, J.; Tang, C. WAppl. Phys. Lett2002 80, 3201-3203.

(7) Liu, T. H.; Shen, W. J.; Balaganesan, B.; Yen, C. K;; lou, C. Y.;
dChen, H. H.; Chen, C. HSynth. Met2003 137, 1033.
(8) Chen, C. H.; Tang, C. WAppl. Phys. Lett2001, 79, 3711-3713.
(9) Kim, Y. H.; Shin, D. C.; Kim, S. H.; Ko, C. H.; Yu, H. S.; Chea, Y.
Kwon, S. K.Adv. Mater. 2001, 13, 1690-1693.
(10) Balaganesan, B.; Shen, W.-J.; Chen, CTetrahedron Lett2003
44, 5747-5750.
(11) Jiang, X.-Y.; Zhang, Z.-L.; Zheng, X.-Y.; Wu, Y.-Z.; Xu, S.-fhin
lid Films2001, 401, 251—254.
(12) Giro, G.; Cocchi, M.; Fattori, V.; Gadret, G.; Ruani, G.; Cavallini,

So

modification. Some anthracene derivatives prepared as thinM.; Biscarini, F.; Zamboni, R.; Loontjens, T.; Thies, J.; Leigh, D. A;

layers, such as 9,10-di-(2-naphthyl)anthracene (ABPN)9,-
10-diphenylanthracene (DPA) and its derivatives contaitertgy
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SCHEME 2. Differentiated Reactivity of 4 toward 1 N HCI HchquFl )
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i 1N HCI, benzene, reflux, 18h; ii. 1 N HCI, MeOH, r.t., 60h

diarylmethanol3 in 75—97% yield. Synthesis oB via the
corresponding Grignard reageBt-MgBr in THF® and via
2—Li in ether/THR%21solutions was also described. Protection
of the OH group with benzyl bromide in the presence of KI
(5%) affordedd in 71% yield. Selective hydrolysis of the acetal \
function in the latter was carried out in benzenehnitN HCI H20 H23B
at 80 °C within 18 h to give the required diarylmethanol
derivative5 with the free aldehyde group in 96% yield (Scheme
2).

However, when the hydrolysis was carried outtwitN HCI
in MeOH (room temperature, 18 h), 10-benzyloxy-1,2,3- SCHEME 3. Mechanistic Proposal for the Formation of the
trimethoxy-6,7-(methylene-1,3-dioxy)anthracedas a well- Anthracene 6 from 4
crystallizing solid was unexpectedly formed in nonoptimized HO\/\O Ve HO~G  ome

38% yield accompanied by the substrai83% yield) (Scheme ome oMe
2). Prolongation of the reaction time to 60 h gaivén 60% 4 tHS O (/ an +H@
yield. When MeOH was replaced byPrOH, only4 was present OMe OMe -

in the reaction mixture under the same reaction conditions (60
h, room temperaturel N HCI). In acetone (60 h, room

temperaturel N HCI), the anthracen6, the aldehydé, and M ome H OMe
unidentified impurities were formed in a ratio of 3.7:1:165 ( OMe OMe
59% vyield). The result in THF (60 h, room temperature, 1 N —> O‘O O&é
. H H H OMe — ome| -H
\/Ph

FIGURE 1. Perspective view 06, showing the atomic numbering
scheme. Displacement ellipsoids are drawn at the 30% probability level,
and H atoms are shown as small spheres of arbitrary radii.

HCI) was similar to that obtained in refluxing benzene (Scheme
2): 6/5/4 = 1:8.4:3 6: 67% yield;6: 8% yield). Shortening
of the reaction timed 1 h was possible in refluxing MeOH:( B
50% vyield; no4 and5) ori-PrOH ©: 44% yield; no4 and5). The anthracené crystallizes in the triclinic Pspace group
The compound is the first representative of the 1,2,3,6,7,- Wwith two molecules per unit cell. The anthracene and dioxolane
10-hexahydroxylated anthracene system protected with threerings as a whole are essentially planar with the largest deviations
different protecting groups. Formation of 10-hydroxy-1,2,3- from the best least-squares plane of 0.028(2) A for atom C5
trimethoxy-6,7-(methylene-1,3-dioxy)anthracene, based on the(Figure 1). Methoxy atoms O4, O5, 06, and C23 and also
mass molecular peak only, was postulated by Galletti et al. asbenzyloxy atom O3 are nearly coplanar. The dihedral angle
a possible byproduct in the 80C pyrolysis reaction leading  between the phenyl ring plane and the plane formed by
to an isobenzofuran derivativé. anthracene and dioxolane rings is 51.8(1yhere are two
The plausible explanation of this interesting transformation intramolecular contacts of type-€H---O involving (1) atoms
includes a primary formation of benzyl carbocatidrand its C5-H5 and 06 (C5-H5 = 0.93, H5--06 = 2.50, and C5-
intramolecular FriedetCrafts-type cyclization to give-com- 06 = 2.822(2) A and C5H5:--:06 = 100.4) and (2) atoms
plex 8. In the next step, a new benzyl carbocatihformed C25-H25A and O5 (C25H25A = 0.96, H25A--05 = 2.49,
after removal of the glycol molecule froéwundergoes aroma- ~ and C25--05 = 3.066(3) A and C25H25A:--05 = 118.8).
tization to the new anthracene syst@mvhich was separated  The crystal packing 06 is stabilized by a €H---O intermo-
as a well-crystallizing solid (Scheme 3). The loss of a proton lecular hydrogen bond, with Ct8416A = 0.97, H16A--O50
from 8 can be alternatively effected via 1,4-elimination of = 2.49, and C16-050) = 3.238(3) A and C16H16A---050

10 O

ethylene glycol; however, this mechanistic proposal requires a = 134.2 (symmetry code: (i)-x, =y, 1 — 2) (Figure 2). This
protonation of the glycol moiety oxygen and formation of the intermolecular hydrogen bond forms the’@8) graph-sé
doubly charged intermediate. dimer. The dimeric units are connected via the intermolecular

C—H---w hydrogen bond between C23 and H23A atoms of the
(20) Patil, P. A.; Joshi, R. R.; Narasimhan, N.I&dian J. Chem., Sect. molecule atX, y, 2) and a benzene ring formed by atoms-C4
B 1987 1025-1029. _ _ _ C6/C11-C13 (Cg3) of the molecule at & x, —y, 1 — 2); the
(21) Gokhale, S. M.; Joshi, R. R.; Narasimhan, Nir@lian J. Chem.,
Sect. B1987,1030-1034.
(22) Galletti, C. G.; Ward, R. S.; Pelter, A.; Goubet, D.Anal. Appl. (23) Bernstein, J.; Davis, R. E.; Shimoni, L.; Chang, NAbhgew. Chem.,
Pyrolysis1992 24, 139-146. Int. Ed. Engl.1995 34, 1555-1575.
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FIGURE 2. Part of the crystal structure &, showing the intermolecular hydrogen bond-B:+-O (double dashed line) forming the;®R18)
graph-set dimer, the intramolecular-&---O contacts (bold line), and the intermolecula+8---x interactions (dashed line). The Cg3 and Cg5
centroids of C4C6/C11-C13 and C17#C22 benzene rings, respectively, are denoted by crosslets. H atoms, except for atoms H5, H16A, H23A,
and H25A have been omitted for clarity.

H23A---Cg3 and C23-Cg3 distances are 2.87 and 3.770(3) THF (5 mL) was added a solution & (1.38 g, 3.54 mmol) in

A, respectively, and the €H---Cg angle is 158 THF (10 mL) at room temperature. The resulting mixture was stirred
As a concluding remark, the first isolated representative of for 30 min. Then benzyl bromide (1.82 g, 10.62 mmol) in THF (2

the unknown 1,2,3,6,7,10-hexahydroxylated anthracene systen{L) was added, and stirring was continued for 18 h at the same

was synthesized in a one-pot unexpected transformation fromtemperature. After evaporation of the solvent, the residue was

. L . : .1 diluted with ethyl acetate (100 mL) and washed with watex(2
tmhet drlic':lrlyflrr:er;ha}nol Id?mlla“t\;e'ni-rhls compound is a potential 20 mL). The organic layer was dried (Mg9Cand then filtered,
aterial for molecular electronics. and the solvent was removed to leave a pale yellow oil which was

purified by column chromatography (petroleum ether/EtOAc in a

Experimental Section gradient as an eluent) (yield 71% (1.27 d}).R = 0.45 (-hexane/
. 1

Crystallographic Data of 6: CysH2:0s, M = 418.43, triclinic, ethyl acetate 1.1 vivjiH NMR (CeDs, 200 M';'Z)é 3:23-3.58

P1 a = 7.985(2) A,b = 11.404(2) A,c = 12.996(3) A, = (M 4H), 3.39 (s, 6H), 3.81 (s, 3H), 4.524d “Jy = 12.1 Hz,

113.74(3), § = 02.24(3), 7 = 104 11(3). V = 1038.0(5) AZ = 1H), 4.62 (s, 2un = 12.1 Hz, 1H), 5.175.24 (m, 2H), 5.97 (s,

2 molecules per unit celD. = 1.339 g/cm, F(000)= 440, crystal %?6 6.071I(—|S"1132)’l\1(|3\)|9R7 (é' Zgl) ' 75327,\/3_'7 (rg, S%H%’ ég% (36’515'7),
size of 0.40x 0.30 x 0.28 mm. Diffraction data were collected at 36 (s, 1H); (CDLl, 2) (o DR el

i i i i 65.42,70.8, 77.3,101.1, 101.7, 104.2, 106.5, 107.4, 127.8, 128.1
293(2) K, using a diffractometer with graphite-monochromated Cu ' : P i o ' '
Ko radiation ¢ = 1.54178 A) and @/26 scan mode t6 = 67.90. 128.6, 128.8, 129.7; 135.3; 137.8; 138.8 147.4; 148.8; 153.5. MS

The structure was solved by direct methods and refined by full- (El. 70 V)= m/z(%): 389 (M(~PhCH), 40); 372 (M(-PhCH-
matrix least-squares dh? with SHELXL-97 24 Carbon and oxygen OH), 56), 344 (M-PhCHOH, —CH,CH,), 75), 327 (M(PhCH-
atoms were refined anisotropically, and hydrogen atoms were OH, —CH,CH,0H), 35), 313 (M-CeH(OCHy)s), 19), 221 (ME-
introduced at calculated positions as riding atoms, withHC CeHa(OCHg)s, —PhCH), 47), ;77 (MECeH2(OCHg)s, —PhCH,
distances in the range 0.98.97 A. The three free variables for ~_CH:CHOH), 100); MS (CI, isobutaney m/z (%) 481 (M+ 1,
Uiso(H) were refined according to SHELXLF#R1 = 0.055, wR2 6), 420 (M+ 1(—OCH,CH,OH), 9), 374 (M+ 1(—PhCH0), 100),
=0.149,S= 1.057 for 3161 with > 20(1) unique reflections and 314 (M + 1(~PhCHO, —OCH,CH,0), 3); HR MS (El, 70 eV)
287 parameters. Further details on the crystal structure investigation—480 (M, 24); calcd for GH2g0g 480.17842, found 480.17872.
have been deposited with the Cambridge Crystallographic Data 6-[Benzyloxy-(3,4,5-trimethoxyphenyl)-methyl]-benzo[1,3]-
Centre as supplementary publication number CCDC 289080. dioxole-5-carbaldehyde 5The compound! (0.617 g, 1.285 mmol)
5-[Benzyloxy(3,4,5-trimethoxyphenyl)-methyl]-6-[1,3]dioxolan- was dissolved in benzene (35 mL), and then an aqueous solution
2-yl-benzo[1,3]dioxole 4.To a suspension of NaH (0.155 g, 3.89 of 1 N HCI (15 mL) was added. The mixture was vigorously stirred
mmol, 60% in mineral oil) and Kl (0.181 mmol, 30 mg) in dry in a Schlenk tube at 88%C in an inert atmosphere (argon) for 18 h.
After addition of additional an amount of benzene (50 mL), the
(24) Sheldrick, G. MSHELXL97 University of Gadtingen: Germany, solution was washed with water (3 10 mL). The organic layer
1997. was dried, and the benzene was removed in vacuo. Column
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chromatographyri-hexane/ethyl acetate) of the residue gave 0.54
g (96%) of the aldehyd® as a pale yellow oil5: R = 0.55
(hexane/ethyl acetate 2:1 vIMg = 0.75 (petroleum ether/ethyl
acetate 1:1 v/v in a gradient as an eluefit);NMR (CgDe, 200
MHz) 6 3.38 (s, 6H), 3.79 (s, 3H), 4.461.47 (m, 2H), 5.145.18

(m, 2H), 6.44 (s, 1H), 6.83 (s, 2H), 7.64.38 (m, 5H), 7.19 (s,
1H), 7.35 (s, 1H), 10.08 (s,1H}H NMR (CDCl;, 200 MHz) 6
3.81 (s, 6H), 3.83 (s, 3H), 4.53 Al 2Juy = 11.7 Hz, 1H), 4.60
(dag, 2Jpn = 11.7 Hz, 1H), 6.056.06 (M, 2H), 6.22 (s, 1H), 6.62
(s, 2H), 7.10 (s, 1H), 7.267.35 (m, 6H), 10.11 (s, 1H}3C NMR
(CeDe, 50 MHZz) 6 56.5, 61.1, 71.9, 78.6, 102.7, 105.7, 109.0, 111.2,

mL), and the organic layer was washed with water (5 mL), NakICO
ag (5 mL), and again with water (5 mL) and then dried over
anhydrous MgSQ After filtration, the solvents were removed in
vacuo to give a pale orange solid. The crude product was purified
with column chromatographyyhexane/ethyl acetate or petroleum
ether/acetone) to give 26 mg of pure anthrac@gield 60%).6:

R = 0.55 (petroleum ether/ethyl acetate 3:1 v/®; = 0.85
(petroleum ether/ethyl acetate 1:1 v/v); mp146-148 °C; H
NMR (CgDg, 200 MHz)6 3.40 (s, 3H), 3.86 (s, 3H), 3.96 (s, 3H),
4.98 (s, 2H), 5.26 (s, 2H), 7.667.45 (m, 5H), 7.32 (s, 1H), 7.77
(s, 1H), 8.51 (s, 1H)*H NMR (CDsCN, 200 MHz)6 3.86 (s, 3H),

129.0, 129.4, 129.7, 138.0, 139.3, 139.6, 142.6, 148.6, 153.3, 155.03.90 (s, 3H), 4.04 (s, 3H), 5.10 (s, 2H), 6.04 (s, 2H), 7.17 (s, 1H),

190.2;3C NMR (CDCl,, 50 MHz) 6 56.2, 60.6, 71.3, 78.0, 102.7,

7.26 (s, 1H), 7.36.7.64 (m, 5H), 8.17 (s, 1H):3C NMR (CDCk,

104.5,108.4, 109.6, 128.0, 128.1, 128.7, 128.8, 137.2, 138.3, 141.550 MHz) ¢ 55.7, 61.2, 61.4, 76.4, 95.4, 97.0, 101.0, 103.3, 115.0,

147.9, 152.8, 153.7; the signal due to @e&CHO is covered by

signals of the OCKCsHs group both in CRCI, and GDe; MS (Cl,

isobutane)m/z(%) 437 (M+1, 1), 419 (M+ 1(—H:0), 5), 345

(M(—PhCH,), 30), 329 (MEPhCHOH), 100); MS (ClI, isobutane)

m/z(%) 437 (M+ 1, 1), 419 (M+ 1(—H,0), 5), 345 (ME-PhCH),

30), 329 (M(PhCHOH), 100); HR MS (Cl, isobutane) 437 (M

+1,1), 436 (M, 1); calcd for gH»507 (M + H) 437.16002, found

437.15840.
10-Benzyloxy-1,2,3-trimethoxy-6,7-(methylene-1,3-dioxy)an-

thracene 6.The compoundt (0.05 g, 0.104 mmol) was dissolved

in MeOH (5 mL), and then an aqueous solutiohloN HCI (1

mL) was added. The mixture was stirred at ambient temperature

for 60 h. The reaction mixture was extracted with ethyl acetate (20

2902 J. Org. Chem.Vol. 71, No. 7, 2006

121.7,122.4,124.0,127.9, 128.2, 128.7, 128.9, 137.6, 140.3, 147.2,
147.4, 148.0, 148.9, 152.5; MS (ClI, isobutarejn/'z (%) 419 (M

+ 1, 100), 327 (MEPhCH,), 79); HR MS (Cl, isobutane) 419 (M

+ 1, 100); calcd for GH230s (M + H) 419.14946, found
419.149109.

Supporting Information Available: Characterization data for
compounds2 and 3, 1H/3C NMR spectra of compounda—6,
crystallographic data @ (CIF), and full crystallographic discussion
on 6. This material is available free of charge via the Internet at
http://pubs.acs.org.
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