The “Trividl” Mechanism for the Photo-Fries Reaction

Bull. Kovean Chem. Soc. 2000, Vol. 21, No. 9 90|

The “Trivial” Mechanism for the Photo-Fries
Reaction of Phenyl Acetate and Biphenylyl Acetates

Hyo Jung Yoon, Seung Hye Ko, Mee Kyung Ko, and Woo Ki Chae’

Department of Chemistry Education, Seoul! National Universiny, Kwanak-Ku. Shitim-Dong, Seout 131-742, Korea
Received June 21. 2000

The mechanisin for the photo-Fries rearrangement of phenyl acetate and bipheny Iy] acetates were reinvestigat-
ed in phenol (or phenol derivatives) containing media. The results showed that the phenol (or phenol deriva-
tives) which is the most conunon by-product of Fries reaction reacts with acyl radical to give Fries-product.
These phenol (or phenol derivatives) contributions to the Fries-products were suggested as the Trivial mecha-

nism for the photo-Fries reaction.

Introduction

Many reports’ have appearcd during the last decade in
connection with the mechanism of the photo-Frics reaction.
These contributions have confirmed that photo-Frics rcac-
tion occurs through C-O homolytic cleavage [rom its singlet
excited state. followed by radical recombination, In-cage
rccombination aflords the migration products while hydro-
gcn abstraction by the arvloxy radical Icads (o the formation
of phenol derivatives, However. a few reports™ have been
made concerning to the photochemical reaction of biphenyl
svstem such as biphenvly] acctate which is an active mcta-
bolite of fenbulen.*?

In spilc of the considerable interest attracied by the photo-
chemistry of phenol derivatives not only (rom the funda-
mental but also (rom the applicd point of view.” a little is
known about the photo-Frics reaction process in phenol con-
taining media.*’

Herein we report photo-Frics reaction of phenyl acclalcs
(Ta. 1b. 1¢) and biphenyIvl acclales (1d. 1¢) under presence
of phenol or phenol derivatives which arc the most common
by-product of Frics rcaction to investigale the phenol cilect
on the mechanism of photo-Fries reaction.

OCOCH;

a, Ri~R;=H
R,
Rs 1 b, Ri~Rs=D
R; R ¢ Ri~R=H, Ri=Ry=Me
X d, R;~Rs=H, R,=Ph
e, Ri=R;=R;=Rs=H, R;=Ph
1

Experimental section

Materials and general methods. All solvents were
freshly distilled and dried before use according to standard
procedures. All other reagents were used as received unless
otherwise specified.

Absorption spectra were measured on a Shimadzn UV-
2600 or Varian Cary 300 spectrometer. Gas chromatogra-
phy-mass spectrometry (GC-MS) measurements were made
on a Hewlett-Packard 3980 gas chromatograph with a
Hewlett-Packard 3988 mass spectrometer (EI 70 eV) using
an Ultra-1 (23 m). Ultra-2 (50 m). Pona (30 m) and DB-1

(30 m) capillary column.

'H and '*C nuclear magnetic resonance (NMR) spectra
were recorded on a Bruker DPX-300 or Bruker AMX-500
spectrometer. IR spectra were recorded on a Jasco [R-810 or
Perkin-Elmer 2000 spectrophotomcter. Mass analyses were
carricd out on a Jeol IMX-AX 3035 instrument,

[rradiations werc carried out in quart~ ¢cell with a Hanovia
4350 W. mediun pressure Hg-Are lamp or a Rayonet photo-
rcactor cquipped with 16 RPR 254 nm lamps.

Synthesis of phenyl acctate derivatives (1b, 1¢). Acctyl
chloride (3.2 mL. 0.043 mol) was added dropwisc to phenol-
d; (3.03 g. 0,03 mol) and the mixture was stirred for 1.0 h at
40 °C. Aller addition of 10% hydrochloric acid to make
homogencous solution. the mixture was transferred (o a scp-
aratory funncl and extracted with dicthy] cther.

The combined cxtracts were washed with 5% hydro-
chloric acid. dilute sodium hydroxide solution and distilled
waler. The extracts were dricd over magnesium sulphate and
the solvent was removed i vacto. The residual colorless oil
was chromatographed on silica gel to obtain 2.48 g (38%) of
phenyl-ds acctate (1b): "H NMR (300 MHz CDCly): §2.29
(s. 3H). *C NMR (300 MHz. CDCl3): §21.5. 121.6. 126.0.
129.6. 151.0. 169.9. IR (neat): 1764 cm™ GC-MS: m ¢ 141.
99, 71. HRMS (EI*) Calc. For CsHaDsO:: 141.0838. Found:
141.0836.

To the mixture of 2.6-dimethyIphenol (10.07 g. 0.082 mol)
and acetic anhydride (13.0 g. 0.127 mol) was added a few
drops of concentrated sulphuric acid. The mixture was
stirred for 1.3 h at 60 “°C and cooled to room temperature
with 30 mL of water and then extracted with diethy| ether.
The combined extracts were washed with distilled water and
dried over magnesium sulphate. The solvent was removed in
vacuo and the residnal liquid was chromatographed on silica
gel to afford 10.36 g (78%) of 2.6-dimethyIphnyl acetate
(1c): "H NMR (300 MHz. CDCly): §2.2 (s. 6H). 2.4 (s. 3H).
7.1 (m. 3H). “C (300 MHz. CDCly): § 16.6. 208, 1262,
129.0. 130.5. 148.7. 169.0. IR (neat): 1760 cti™". GC-MS:
me 164,122, 107. 91 77. HRMS (EI") Calc. For C3H;:0::
164 0837. Found 164.0833.

Synthesis of 2-biphenylyl acetate (1d). To the mixture of
2-phenvlphenol (10.2 g. 0.06 mol) and acetic anhydride (9.0
mL. 0.093 mol) was added a few drops of concentrated sul-
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phuric acid. The mixturc was stirred for 1.5 h at 60 °C and
cooled 1o room temperature with 40 mL of watcr. This mix-
turc was transferred to a separatory funnel and extracted
with dicthyv] cther. The combined extracts were washed with
cold water and dricd oyer magnesium sulphate. The solvent
was removed in vacuo and the residual o1l was chromato-
graphed on silica gel to give 11.8 g (93%) of 2-biphenylyl
acctate (1d): 'H NMR (300 MHz. CDCls): 8 2.12 (s. 3H).
7.19(dd../ = 8.0. 1.2 Hz. 1H) 7.35~7.47 (m. 8H). *C NMR
(300 MHz. CDCl5): $21.3.123.2.1269. 1279, 128.7. 129.0.
1293, 131.3. 1353 138.0. 148.2. 169.9. IR (ncat) 1760 cm™.
GC-MS: mre 212, 170, 169, 141, 139, 115. HRMS (E1)
Calc. For Cy4H20-: 212.0837. Found 212.0837

Irradiation of phenyl acetate (1a) with phenol-ds. A
solution of 141 mg (1.04 mmol) of 1a and 38 mg (0.38
mmol) of phenol-ds in methanol (26.0 mL) was translerred
into a quart~ cell and degassed with purilicd nitrogen, The
sample was irradiated with Hg-Arc lamp (430 W. medium
pressure) for 13 h. The solvent was then evaporated i# vacto
1o obtain vellow liquid. Silica gel chromatography gave 15
mg (23%) of phenol. 35 mg of a mixture of 2-hvdroxy-
acctophenone (2) and 2-hydroxyacctophenone-dy (4) (mix-
ture 1). 34 mg of a mixture of 4-hydroxyacclophenonc (3)
and 4-hydroxvacctophenone-ds (5) (mixture [1). and 46 mg
of recovered slarting malerial (67% conversion). Since the
mixtures of deuterated and non-deuteraled photoproducts
were not scparaled by silica gel chromatography. the compo-
sition of (he mixturcs were analvzed by 'H NMR and (or)
mass spectral abundance of a particular peak. Spectral ana-
Ivses showed that the mixture 1 contained 34 mg (33.7%) ol
2 and 0.7 mg (0.7%) ol 4. Mixturc 1l contained 33 mg (34.6
%) of 3 and 1.1 mg (1.1%) of 5. Spcctral data for 4; 'H NMR
(300 MHz. CDCly): §2.53 (s. 3H). 12.17 (s. [H). "C NMR
(300 MHz. CDCly): & 27.0. 1184, 118.8. 120.0. 130.7.
136.0. 162.7. 204.9. GC-MS: m e 140. 125. 97. 69. Spectral
data for 5: "H NMR (300 MH~. CDCl3): §2.50 (s. 3H). 8.30
(s. TH). “C NMR (300 MHz. CDCl3): §26.7. 115.5. 130.1.
130.6. 161.3. 198 4. GC-MS: m e 140. 125, 97. 69,

Irradiation of phenyl-ds acetate (1h) with phenol. A
solution of 78 mg (0.53 mmol) of Th and 21 mg (0.22 mmol)
of phenol in mcthanol (18.0 mL) was (ransferred mto a
quartz cell and degassed with purificd nitrogen. The sample
was irradiated with Hg-Arc lamp for 13 h. The solvent was
then removed in vacuo 1o oblan a pale vellow oil. Silica gel
chromatography and quantitative spectral analysces gave 11
mg (27%) of phenol-ds. 0.9 mg (1.7%) of 2. 1.4 mg (2.6%)
of 3. 18 mg (32%) of 4. 17 mg (30%) of 5 and 22 mg of
recovered starting material (72% conversion),

Irradiation of 2,6-dimcthylphenyl acetate (1¢) with
phenol. A solution of 71 mg (0.43 mmol) of 1¢ and 15.0 mg
(0.16 mmol) of phenol in methanol (17 mL) was transferred
into a quarlz cell and degassced with purificd nitrogen. The
sample was irradialed with Hg-Arc lamp for 12 h, Aficr
cvaporation of the solvent. silica gel chromatography and
quantitative spectral analvses gave 6.8 mg (23%) of 2.6-
dimcthylphenol. 7.0 mg (18%) of 3.5-dimcthyvl-4-hydroxy-
acclophenone. trace (0.3%) of 2. trace (2.1%) of 3 and 31
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mg of starting material (56% conversion). Spectral data for
3.5-dimethy1-4-hydroxvacetophenone: 'H NMR (300 MHz.,
CDCl3): 6 2.3 (s. 6H). 2.6 (s. 3H). 3.2 (s. 1H). 7.7 (s. 2H).
3C NMR (300 MHz CDCly): & 16.3. 26.7. 123.3. 130.0.
130.1. 1537.2. 197.9. IR (ncat) 3600. 1670 cm™. MS: m ¢
164. 149, 121. 91. 77.

Irradiation of 2-biphenylyl acetate (1d). A solution of
283 mg of 1d in 106 mL of cthanol was transferred into 3
quartz ¢clls and degassed with purilicd nitrogen. The sample
was irradiated with 16 RPR 254 nm lamps for 3 h. Aficr
cvaporation ol the solvent. silica gel chromatography gase
38 mg (13.4%) ol 2-hydroxv-3-phenyl acctophenone (6), 20
mg (7.1%) of 4-hydroxy-3-pheny] acctophenone (7) and +8
mg (21%) ol 2-phenylphenol. Spectral data for 6 - 'H NMR
(300 MH~z. CDCl5): 62.71 (s. 3H). 7.0~7.8 (m. 8H). 2.9 (s.
1H). “C NMR (300 MHz. CDCL3): §274. 119.2. 120.2. 1279,
128.6. 1298, 130,35, 131.6. 1374, 137.7. 1602, 2054, IR
(ncat) 3200. 1640 cm™'. MS: m e 212, 197, 141, 115. 98, 63.
43. Spectral data for 7; 'H NMR (300 MHz. CDCL3): §2.60
(s. 3H). 3.85 (s. IH). 7.05~7.94 (m. 8H). *C NMR (300
MHz. CDCls): 6 26.9. 1163, 128.5. 1289, 1295, 129.9.
130,53, 1309, 131.7. 136.3. 1537.3. 1974, IR (CCLs): 3550.
3300, 1680 cm™  MS: m e 212, 197,168, [41. 115.98.43.

Irradiation of 4-biphenylyl acctate (1¢). A solution of
123 mg of 1¢ in 46 mL of cthanol was transfcrred into 2
quartz cclls and degassed with purified nitrogen. The sam-
ples were irradiated with 16 RPR 254 nm lamps for 4 h. The
solvent was then cvaporated in vacuo and the residue was
scparated by silica gel chromatography to give 73 mg (61%)
ol 2-hydroxy-3-phenyl acctophenone (9) and 35 mg (35%)
of 4-phenyIphenol. Spectral data for 9: 'H NMR (300 MHz.
CDCly): §2.72 (s. 3H). 7.07~7.94 (m. 8H). 12.3 (s. 1H). 1°C
NMR (300 MHz. CDCI3): §27.0. 1193, 120.2. 127.1. 127.7.
129.4.132.6. 133.6. 140.3. 1623, 205.1. IR (CCLy): 3500~2804).
1640 cm™. MS: m e 212, 197. 169, 141, 139, 115, 99. 84.
63. 43,

Acid catalyzed Fries reaction of 4-biphenylyl acctate
(1¢). A mixture of 1¢ (2.1g. 10 mmol) and aluminum tn-
chloride (1.5 g) in 1.1.2.2-tctrachlorocthane (13 mL) was
stirred at 140 “C for 2h. The rcaction was quenched with
L0%-hyvdrochloric acid (20 mL) and extracted with ¢hloro-
form scyeral times. The combined chloroform solution was
extracted with 10%-aqucous sodium hydroxide. The extracts
werg acidified by 10%-hyvdrochloric acid and cxtracted with
dictylcther. The cther layer was dricd over magnesium sul-
phatc and the solvent was removed /n vacuo. The residual
liquid was chromatographed on silica gel (o oblam 03 g
(1.42 mmol. 14%) of' 9. 0.13¢g (0.76 mmol. 7.6%) ol 4-phcenyl-
phenol and 9 mg (0.035 mmol. 0.35%) of 11: 'H NMR (300
MHz. CDCI;): 8 2.66 (s. 3H). 2.74 (s. 3H). 7.12~8.05 (m.
7H). 12.35 (s. LH). IR (neat): 3600~3100. 1690, 1650 cm™.
GC-MS: m/c 254, 239, 168. 139, 112. 98, 84. 63.

Irradiation of 2-biphenylyl acetate (1d) with 4-phenyl-
phenol. A solution of 631 mg of 1d and [31 mg of 4-
phenylpnenol in 152 mL of cthanol was transferred into 10
quartz cclls and degassed with purified mitrogen. The sam-
ples were rradiated with 16 RPR 234 nm lamps for 12 h,
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The solvent was evaporated in vacuo and the residuc was
scparated by silica gel chromatography 1o obtain 66 mg
(10.3%) of 6. 38 mg (6%0) of 7. 173 mg (34.3%) of 2-phenyl-
phenol and 3 mg of starting material (99% conversion). The
crossoyer products. 8 (6 mg. 1%) and 1e (1 mg. 0.16%) were
also obtained.

Results and Discussion

Phenol effect on the photochemistry of phenyl acetates
(1a, 1¢). Since the phenol which is the most common
by-product of photo-Frics rcaction might react with acyl
radical to give crossover Frics-product. phenyl acctate
(Ta) was irradiated under presence of phenol-ds 1o distin-
guish the crossover products from the common Frics-rear-
ranged products (Eq. (1)), As expected. crossover products 4
and 5 were obtained as minor product under presence of
phenol-ds,

common
[ 1
OCOCH; OH OH OH OH
e COCH;
+ —_— + +
X CH;0H
ds
COCH,
Ia 2(35.7%) 3(347%)  (23%)
OH OH ( ! )
COCH;
.
d, dy
COCH;
4(0.7 %) 5(1.1%)
e — |

frossover

Irradiation of phenyl-ds acctate (1h) under presence off
phenel alse gave the crossover products (2. 3). and the rcla-
tive vields of the crossover products were slightly increased
(Eq. (2)) (Table 1),

common
I 1
OCOCH; oH OH
@ . @ 4 . s .
N CH;0H
5
1b (32 %) (30 %) 27 %) (2)
2 + 3
A7 %) 2.6 %)
— ]

crossover

Recently Haruo Shizuka 8 reported that |.3-sigmatropic
hydrogen shill of photo-Fries reaction by Laser Flash photo-
Ivsis showed kinctic 1sotope cffect (A/hn = 3.8). This 1so-
tope cllcct was thought to increase the relative vields of the
crossover products. 2 and 3.

Irradiation of 2.6-dimethy] acctate (1¢) under presence of
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phenol did not increase the relative vields of the crossover
products (2. 3) as much as ¢xpected even though two ortho-

common
| I — |
OCOCH; OH OH OH
hy
+ —_— +
1c COCH; (3 )
(18 %) (23 %)
2 + 3
0.5 %) @.1 %)
e — |

crossover

positions were blocked by methyl groups (Table 1).

The photo-Frics reaction ol phenyl acctate is known to
afTord both ortho- and para- hydroxyacetophenone in addi-
tion to phenol. This is a singlet reaction that occurs through
homolyvtic cleavage of the carbon-oxyvgen bond 1o give a
caged radical pair. [ncage recombination affords the acyl
migration products. while hydrogen abstraction by phenoxy
radical lcads to the formation of phenol. As the reaction pro-
ceeds. the concentration of phenol increases (~50%. depends
on the reaction condition.) and this phenol can be attacked
by acyl radical Lo give the crossover products.

Photo-Frics reaction of biphenylyl acetates (1d, 1e¢).
The photolysis of biphenylyl acctates were undertaken in
ordcr 1o investigale the possibility of acyl transfer not only to
ortho- and para-position but also to carbon-2' and 4' position.
[rradiation ol 2-biphenylyl acctate (1d) gave the common
Frics-product 6 (13.4%) and 7 (7.1%) in addition to 2-
phenyiphenol (1%). The products 8 from acyl transfer to
carbon-2' or (and) 4' position. however. were not obtaned
(Eq. ().

@ 2 oH oH
0COCH, v Ph COCH;  pp
2 S — +
CH;0H
¥ COCH;3
1d 6 7
s )
: ©
+ OH
“cocH,
8

Irradiation of 4-biphenylvl acctate (1¢) produced a com-
mon Frics-product 8 (61%) and 4-phenylphenol (33%). The
product. 10 from acyl transfer to carbon-2' or (and) 4’ posi-
tion was not obtained (Eq. (5)) presumably duc to restricied
geometry of an intermediate 12 at the irradiation (empgeraturc
(40 °C). However. rcaction of 1¢ with aluminum trichloride
at 140 °C produced 11,
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OH OH OH
COCH;
NeolNe
Ph Ph @
OCOCH; hy, 2
4 Cn,on COCH;3
2 61 %) (35 %) (not obtained)
@ AlCl (3)
4 140°C OH
1e OH COCH;
9 + + @
Ph
“cocH,
11

14%) (7.6 %)

<=2

12

(0.35 %)

In thermal Frics-reaction of 1¢. high (emperature (140 °C)
of the reaction media might overcome the unfavorabole
geometry of 12,

Phenol cffect on the photochemistry of 2-biphenylyl
acetate (1d). Irradiation of 1d under presence of 4-phenyl-
phenel afforded the common Frics-products 6 and 7 in addi-
tion (o crossover product 9 (Eq. (6)).

H common H
v
1d + W 6 + 7 + + 9 (6)
Ph

Ph

(10.3%) (6%) {34.5 %) {1%)

crossover

The “Trivial” mechanism for the photo-Fries reac-
tion. Simce the photo-Frics reaction is always accompanicd
by the formation of phenol or phenol dervatives. these phe-
nol cifects on the photo-Frics reaction were examined with
added phenol which gives crossover product.

As Frics rcaction proceeds. the concentration of phenol
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Table 1. Relative vields of photo-Fries products (common vs.
CTOSSOVET)

Relative vields (%)
Entry | Starting artho- para-
- Compounds
CONUNON  CTOSSOVCT  CONUNION  CIOSSOver
1 1a 98 2 97 3
2 1b 947 3.3 91.3 8.7
3 lc 945 3.5 88.3 1.7
4 1d 939 0.1 - -

mereases and this phenol reacts intermolecularly with acyl
radical to alford Frics-product which cannot be distin-
guished from the common Frics-product. This undistin-
guishable crossover products arc not negligible cven though
the contribution 1s small. because the crossover products are
produccd by mechanistically dilferent process from the com-
mon Frics-rcaction mcchanim. This minor contribution
(2~12%) (Tablc 1) to the photo-Frics reaction is suggested as
the “Trivial” mcchanism,
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