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Abstract

We prepared 2-benzoyl-4-benzoyloxyphehat 93% yield by reacting 1,4-dimethoxybenzene with benzoyl chloride in the presence of
aluminium chloride. Irradiation of with 254 mercury lamps provided 2,5-dibenzoyl-1,4-dihydroxybenZeBe-dibenzoyl-1,4-dihydro-
xybenzenes, and 2-benzoyl-1,4-dihydroxybenze6Bevith 19, 48, and 17% yields, respectively. The structure of the compdumds
confirmed by single crystal X-ray analysis. Photo-Fries reaction of 1,4-dibenzoyloxybehreaealso re-examined. The reported mp
and'H NMR data of1 and4 were corrected.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction 2-benzoyl-4-benzoyloxyphenol and 2,5-dibenzoyl-1,4-
dihydroxybenzend have been reported to be obtained by

Benzoylhydroxybenzene derivatives are useful interme- photo-Fries rearrangement of 1,4-dibenzoyloxybenzéne

diates for the synthesis of benzofurdh} diaroylbiphenyls [6]. We report here simple preparation of 2-benzoyl-4-ben-

[2], drugs[3], and polymers[4]. However, very limited zoyloxyphenoll, and its facile photo-Fries rearrangement to

number of dibenzoyldihydroxybenzene derivatives have 2,5-dibenzoyl-1,4-dihydroxybenzerdg and 2,3-dibenzoyl-

been reported5,6]. The most frequently used method 1,4-dihydroxybenzen®.

for the introduction of acyl group to benzene ring is the

Friedel-Crafts acylatior{7], but this method would not

provide dibenzoyldihydroxybenzene derivatives having two 2. Results and discussion

benzoyl groups ab- or p-positions as the benzoyl group

already present on the benzene ring strongly direct the For the introduction of benzoyl group to the benzene ring
position of the incoming second benzoyl group to the  of 1 4-dimethoxybenzene, Friedel-Crafts acylation reaction
position. Another route for introducing acyl group onto ijth benzoyl chloride was attempted in the presence of
aromatic rings is Fries rearrangement of esters of phenols,a|Cl4 (Scheme ) The reaction of 1,4-dimethoxybenzene
which provideso- andp-acyl-substituted phenol derivatives  ith ca. 1 eq. of benzoyl chloride and AWas reported
[8]. Thus, the choice of methods for the synthesis of diben- to produce almost exclusively 2,5-dimethoxybenzophenone
zoyldinydroxybenzene derivatives would depend on the 3 at 0°C [2]. We found that the same reaction mixture
position of the substituents on the aromatic rings. For ex- at refluxing temperature gave a mixture of 2-benzoyl-4-
ample, the Friedel-Crafts reaction of 1,3-dimeth0xybenzene benzoy'oxypheno”ﬂ 2_hydroxy_5_methoxybenzophenone
with benzoyl chloride in the presence of aluminium chlo- 2 ang 2,5-dimethoxybenzophenoBavith 3, 54, and 36%
ride provides 1,5-dibenzoyl-2,4-dihydroxybenzerig], yields, respectively. The reaction with ca. 2 eq. of benzoyl
while the corresponding reaction of 1,4-dimethoxybenzene chioride and AIC4 at room temperature gave a mixturelof
gives 2,5-dimethoxybenzophenoffd. On the other hand, 2 and3 with 40, 17, and 3% vyields, respectively. By heat-
ing the same reaction mixture at reflux, we could get almost
" Corresponding author. Tek:82-42-821-5479; faxs-82-42-823-1360.  €xclusively the compound: simple washing of the organic
E-mail address: khkoh@cnu.ac.kr (K.K. Park). residue with hexane gave analytically pdran 93% vyield.
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Scheme 1. Reaction of 1,4-dimethoxybenzene with benzoyl chloride in
the presence of aluminium chloride.
yields
solvent 4 5 6
The structure ofl was firmly characterized byH and

13C NMR and elemental analysis: the observed number of benzene (2.3 mM)* 0% 2% 10%
13C NMR peaks was one less than the expected number methanol (2.3 mM) 9% 48% 17%
due to overlapping. Our literature survi®] for 1 revealed methanol (10 mM) 4%  24%  29%

that its preparation had once been reported, via photo-Fries
rearrangement of 1,4-dibenzoyloxybenzéhewnith mp of
213-214C (in this work, 95-97C) and'H NMR (CDCls)
of § 6.60-6.80 (m, 10H, OCO4Ei5 and COGHs), 6.90 (d,
1H, J = 10Hz), 7.30 (dd, 1H), and 11.20 (s, 1H, —Ofd).
The NMR data are obviously doubtful since there is one less lamps gave the Fries-rearranged produdtand5 together
number of protons and the peaks of benzoyl protons appearwith the debenzoylated compouGdScheme 2
at too high field § 6.60—6.80)10]: in this work, they show Photo-Fries rearrangement is generally believed to be a
ats 7.45-8.16. singlet reaction that occurs through homolytic cleavage of
The large variation of the reaction products depending on the carbonyl-oxygen bond, to give a caged radical pair.
the reaction temperature in the Friedel-Crafts acylation of In-cage recombination affords the acyl migration products,
1,4-dimethoxybenzene reflects the sensitivity of the extent while hydrogen abstraction by the aryloxy radical leads
of demethylation of methyl aryl ether groups on the reaction to the formation of phenols, which are the most common
temperature: both methyl ether groups are stable°&,0  byproducts[13]. Plank[13c] reported that polar solvents
while moderately selective demethylation of 2-methoxy such as methanol favor the rearrangement, and nonpolar sol-
group occurs at room temperature. Such selective demethyvents favor phenol formation, but Pitchumani et [413d]
lation of methoxy grouprtho to carbonyl group had also  found that both methanol and benzene gave almost same
been reported in the reaction of aryl methyl ether with AICI yields of the rearranged products. In our case, the combined
[2] and BeC} [11]. At high temperature both methoxy yields of the photo-rearranged produdtand5 were more
groups are demethylated and select®éenzoylation of than double in methanol than those in benzene. Raising the
5-hydroxy group of 2,5-dihydroxybenzophenone leads to the concentration to 10 mM lowered the yields #fnd5 with
productl: 2-hydroxy group of 2,5-dihydroxybenzophenone increased amount of the debenzoylated produdRegios-
is hydrogen-bonded to carbonyl and less reactive than 5-OHelectivity between twartho-rearrangement products were
[12]. observed in both solvents, favorib@ver4. The clarification
Establishment of the simple and efficient method for of the origin for the favored formation & over4 is beyond
the preparation of 2-benzoyl-4-benzoyloxypherdofrom the scope of this work. However, it would be worthwhile to
1,4-dimethoxybenzene prompted us to utilizefor the mention that energy calculation 1685 Chem 3D Pro shows
synthesis of dibenzoyldihydroxybenzene derivatives via that5is energetically more favorable by 3.7 kcal/mol than
photo-Fries rearrangemefit3]. Separation of the reaction The compoundd and5 have very similar structural fea-
mixture after 8-10h of irradiation with 254 nm mercury tures and theitH and 13C NMR spectral data were not

“In benzene, 20 % of unreacted starting material was recovered.

Scheme 2. Photoreaction @fwith 254 nm lamps.
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Fig. 1. ORTEP drawing of the X-ray structure of 2,5-dibenzoyl-1,4- methanol (2.3 mM) - 8% 13% 40%
dihydroxybenzend. An additional -3’ symbol refers to atoms at equiv- benzene (33 mM)* 24 % — 4% 9%

alent position (2- x, -y, 2—2).
benzene (33 mM)"% % 30%9° 109% 40 -

%18 % of unreacted starting material was recovered.

sufficient to assign their structures: bothand 5 showed
eight13C NMR peaks due to their symmetrical nature. We Scheme 3. Photoreaction @fwith 254 nm lamps.
obtained single crystals of by slow evaporation of its
dichloromethane solution and X-ray diffraction analysis pro-
vided its firm structural assignment. The ORTEP drawing of
4is shown inFig. 1L The compound lies about an inversion
center.

Inspection oftH NMR data of4 and5 shows interesting
features. Benzoyl protons & which appears at 7.03 (dd,
4H, 0-), 7.16 (t, 4Hm) and 7.39-7.43 (m, 2Hy-), are quite
up-field shifted compared to benzoyl protonsdfvhose
chemical shifts are in the normal rang®], 7.74-7.77 (m,
4H, 0-), 7.52-7.56 (m, 4HM) and 7.62-7.67 (m, 2Hy-).
This can be ascribed to the fact that two phenyl groups of
5 are in close proximity to each other and shielded due to

ring current effect of the neighboring one. The compodnd | .
has been prepared previougj, but mp and-H NMR data NMR spectra were obtained at 400/100 MHz using tetram-

are considerably different from this work: the reported mp ethylsilane as an internal standard. NMR measurements and
is 172-173C (in this work, 203—205C) and the chemical elemental analyses were performed at the Central Research

shifts of benzoyl protons were reported &6.90-7.15 (in Facilities of Chungnam National University.
this work, 8 7.52—7.77).

Sharma and Khannd6] reported that photo-Fries 3-2. Synthesis of 2-benzoyl-4-benzoyloxyphenol 1
rearrangement of 1,4-dibenzoyloxybenzeh@rovided 2-
benzoyl-4-benzoyloxyphenoll and 2,5-dibenzoyl-1,4- A solution of dimethoxybenzene (3.0g, 21.7 mmol)
dihydroxybenzend, of which mp and'H NMR data are ~ and benzoyl chloride (6.7g, 47.7mmol) in 50ml of
doubtful (vide supra). Thus, we reexamined the reaction dichloromethane was added slowly to a suspension of
(Scheme R In addition to the compoundsand4 [6], we aluminium chloride (7.0g, 52.4mmol) in 130ml of
obtained two more productsandé. It is naturally expected ~ dichloromethane, and the reaction mixture was heated at
that Fries rearrangement of one of the two benzoy|oxy reflux for 26 h. The resulting mixture was poured over a
groups of7 would producel and further reaction of gives mixture of cold water (90 ml) and conc. HCI (30 ml). The
the productsg}, 5, and6 (vide supra)t Lowering the concen-  organic layer was separated and the aqueous layer was ex-
tration and changing the solvent from benzene to methanoltracted with dichloromethane (3 nd 100 ml). The organic
increased the yields of the doubly Fries-rearranged productslayers were combined, dried with B8O, and concen-
4 andb. trated under reduced pressure. The residue was washed

In summary, we found that 2-benzoyl-4-benzoyloxy- with hexane three times to provide 6.45g (93% yieldLof
phenol 1 can be prepared in excellent yield by reacting Mmp 95-97°C; *H NMR (CDCl3) § 7.14 (d, 1H,J = 9Hz,

ArH ortho to OH), 7.36-7.39 (m, 1H, ArHneta to OH),

Tecompouncﬁ may also be produced by photo-Fries reaction of 7'45_7'6.3 (m, 7H, ArH), 7.70-7.73 (m, 2H, Arertho
4-benzoyloxyphenol which can be a product of photochemical reaction to C=0 in CgHsCO-), 8.14-8.16 (m, 2H, Artbrtho to

of 7. This could be a reason of high yield 6ffrom 7, compared to that COO0 in PhCOO-), 11.95 (s, 1H, OHPC NMR § 118.77,
from 1. 119.34, 125.63, 128.49, 128.58, 129.10, 129.17, 130.12,

1,4-dimethoxybenzene with benzoyl chloride in the pres-
ence of aluminium chloride, andprovides, via photo-Fries
rearrangement, dibenzoyldihydroxybenzentsand 5 in
much better yields than 1,4-dibenzoyloxybenzérdoes.

3. Experimental
3.1. General

All reagents were purchased from Aldrich and used as
received. Melting points are uncorrectétt NMR and3C
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132.19, 133.75, 137.41, 141.96, 160.94, 165.31, 200.81.2, 1 (Mo Ka) = 0.098 mnT%, 1515 reflections measured,

Anal. Found: C, 75.08; H, 4.47. Calcd forp§H1404: C,
75.46; H, 4.43.

1397 unique Rint = 0.092; R[F? > 20(F?)] = 0.071).
The finalwR(F?) was 0.169 (all data).

The same reaction was also carried out at room tempera-
ture for 50 h, and worked up as described above. The residuez 5 photoreaction of 1,4-dibenzoyloxybenzene 7
was subjected to silica gel column chromatography (eluent,
1:1 CHCly:hexane). 2-Hydroxy-5-methoxybenzophenone
2 (mp 82-84C: 82-84C (lit.) [11], 83.5°C (lit.) [2])
and 2,5-dimethoxybenzophenoB8gmp 51°C: 51°C (lit.)
[2,11]) were obtained with 17 and 3% vyields, respectively,
in addition tol with 40% vyield.

The diester7 [16,17] was prepared by reacting hy-
droquinone in 10% aq NaOH solution with benzoyl
chloride: mp 206-207C (207°C (lit.) [16]), *H NMR
(CD2Clp) § 7.21 (s, 4H), 7.46 (t, 4HJ = 8Hz), 7.59
(t, 2H, J = 8Hz), 8.12 (dd, 4HJ = 8, 1Hz). A ben-
zene solution (800ml) of7 (0.600g, 1.88 mmol) was
photo-irradiated in the same manner as described for the
. photoreaction ofl. Silica gel column chromatography

A methanol solution (800ml) of (0.600g, 1.88mmol)  (gyent, 1:1 CHCl,:hexane) of the concentrated reaction
contained in quartz vessel was purged with nitrogen for ...+ re afforded 3-benzoyl-4-hydroxyphenyl benzoate
1h and then irradiated under nitrogen with 254 nm mer- 1,4-dibenzoyl-2,5-dihydroxybenzeng 2,3-dibenzoyl-1,4-

cury lamp for 6-7 h using RPR-_lOO photochemical reactor dihydroxybenzenés, and 1-benzoyl-2,5-dihydroxybenzene
(Southern New England Ultraviolet Company). After the 6 with 26, 7, 10, and 15% vyields, respectively. The same
reaction was complete, the solvent was removed under asction in methanol gavé, 5, and6 in 8, 13, and 40%

reduced pressure and the residue was subjected to Si”C%/ields, respectively. The reaction of 33mM benzene solu-

3.3. Photoreaction of 2-benzoyl-4-benzoyloxyphenol 1

gel column chromatography (eluent, 1:1 &H,:hexane)
to afford 2,5-dibenzoyl-1,4-dihydroxybenzent 2,3-di-
benzoyl-1,4-dihydroxybenzeng and 2-benzoyl-1,4-dihy-
droxybenzené with 19, 48, and 17% vyields, respectively.
4. mp 203-205C, 'H NMR (CDCls) § 7.33 (s, 2H,
ArH ortho to OH), 7.52-7.56 (m, 4H, ArHmeta to
C=0 in GsH5CO), 7.62—7.67 (m, 2H, ArHpara to C=O
in CgHsCO), 7.74-7.77 (m, 4H, ArHortho to C=0 in
CsHsCO), 10.87 (s, 2H, OH)!3C NMR § 121.84, 124.28,

128.58, 129.43, 132.76, 137.11, 153.34, 200.73. Anal.

Found: C, 75.50; H, 4.53. Calcd forygH1404: C, 75.46;
H, 4.43.

5. mp 189-190C, *H NMR (CDCl3) § 7.03 (dd, 4H,J =
8, 1Hz, ArHortho to C=0O in CgHsCO), 7.16 (t, 4H,J =
8Hz, ArHmetato C=0 in CgHsCO), 7.31 (s, 2H, Artbrtho
to OH), 7.39-7.43 (m, 2H, Arhpara to C=0 in CzHsCO),
10.29 (s, 2H, OH);’3C NMR § 118.47, 125.82, 128.33,

128.70, 132.70, 139.61, 153.58, 198.24. Anal. Found: C,

75.15; H, 4.63. Calcd for §H1404: C, 75.46; H, 4.43.

6. mp 122-124C (mp 121-123C (lit.) [14], 122-124C
(lit.) [15]), TH NMR (CDCl3) 8 5.37 (s, 1H), 6.93-7.07 (m,
3H), 7.44-7.65 (m, 5H), 11.57 (s, 1H).

tion resulted in the formation df, 5, and6 with 24, 4, and
9% vyields, respectively.

Acknowledgements

This work was supported by grants from Korea Science &
Engineering Foundation (R04-2000-000-00015-0) and from
Chungnam National University (2002).

References

[1] (@) K.K. Park, H. Lim, S.-H. Kim, D.H. Bae, J. Chem. Soc. Perkin
Trans. 1 (2002) 310;
(b) K.K. Park, H. Lim, Heterocycles 57 (2002) 657;
(c) K.K. Park, I.K. Han, J.W. Park, J. Org. Chem. 66 (2001) 6800.

[2] V. Percec, J.-Y. Bae, M. Zhao, D.H. Hill, J. Org. Chem. 60 (1995)
1066.

[3] G. Jaouen, S. Top, A. Vessieres, P. Pigeon, G. Leclercq, |. Laios,
Chem. Commun. (2001) 383.

[4] V. Bojinov, |. Grabchev, J. Photochem. Photobiol. A: Chem. 146
(2002) 199.

The same reaction was carried out in benzene and it gave [5] M. Abdul-Aziz, J.V. Auping, M.A. Meador, J. Org. Chem. 60 (1995)

4,5, and6in 10, 22, and 10% yields, respectively, with 20%
of the starting material recovered.

3.4. Crystal structure determination of compound 4

Single crystals oft suitable for X-ray diffraction were ob-
tained by slow evaporation of its dichloromethane solution.

3.4.1. Crystal data

CooH1404, M = 31831, monoclinic,a = 5.77897) A,
b = 209944 A, ¢ = 6.738519) A, B = 11277518)°,
U = 7538(3) A3, T = 293(2) K, space groufP21/n, Z =

1303.

[6] P.K. Sharma, R.N. Khanna, Monatsh. Chem. 116 (1985) 353.

[7] F.A. Carey, R.L. Sundberg, Advanced Organic Chemistry, Part B,
third ed., Plenum Press, New York, 1990, pp. 575-585.

[8] T. Laird, in: J.F. Stoddart (Ed.), Comprehensive Organic Chemistry,
vol. 1, Pergamon Press, New York, 1979, pp. 1170-1173.

[9] We searched it through SciFinderScholar, American Chemical
Society.

[10] R.M. Silverstein, G.C. Bassler, T.C. Morrill, Spectrometric
Identification of Organic Compounds, fifth ed., Wiley, New York,
1991, p. 175.

[11] H. Sharghi, F. Tamaddon, Tetrahedron 52 (1996) 13623.

[12] K.K. Park, H. Seo, J.-G. Kim, I.-H. Suh, Tetrahedron Lett. 41 (2000)
1393.



K.K. Park et al./Journal of Photochemistry and Photobiology A: Chemistry 159 (2003) 17-21 21

[13] (a) D. Bellus, Adv. Photochem. 8 (1971) 109; [14] G.A. Kraus, M. Kirihara, J. Org. Chem. 57 (1992) 3256.
(b) M.A. Miranda, in: W.M. Horspool (Ed.), CRC Handbook of [15] J. Herzig, B. Hoffmann, Chem. Ber. 41 (1908) 143.
Organic Photochemistry and Photobiology, CRC Press, Boca Raton, [16] J.P. Schroeder, D.W. Bristol, J. Org. Chem. 38 (1973) 3160.
1994, pp. 570-578; [17] K. Ishihara, M. Kubota, H. Kurihara, H. Yamamoto, J. Org. Chem.
(c) D.A. Plank, Tetrahedron Lett. (1968) 5423; 61 (1996) 4560.
(d) K. Pitchumani, M. Warrier, V. Ramamurthy, J. Am. Chem. Soc.
118 (1996) 9428.



	Facile synthesis and photo-Fries rearrangement of 2-benzoyl-4-benzoyloxyphenol leading to dibenzoyldihydroxybenzene derivatives
	Introduction
	Results and discussion
	Experimental
	General
	Synthesis of 2-benzoyl-4-benzoyloxyphenol 1
	Photoreaction of 2-benzoyl-4-benzoyloxyphenol 1
	Crystal structure determination of compound 4
	Crystal data

	Photoreaction of 1,4-dibenzoyloxybenzene 7

	Acknowledgements
	References


