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between ethyl acetate (30 mL) and water (25 mL). The organic 
layer was washed with water (2 X 25 mL) and brine (1 x 25 mL). 
This solution was dried and then spin evaporated in vacuo to give 
a greenish-yellow oil. The oil was triturated with pentane (25 
ml) to give a yellow, amorphous solid that was recrystallized from 
hexane-EtOAc to give crystalline 2s: yield 0.171 g (34%); mp 
117-120 "C; TLC (EtOAc/cyclohexane (1:2)); NMR (MezSO-d6) 
b 7.38 (br s, 1 H, NH), 7.20 (s, 4 H, Ar H), 5.10 (d, J = 1.3 Hz, 
2 H, NCH,N), 4.54 (s, 2 H, CHzAr), 2.30 (s, 3 H, CH,); UV (pH 
7) A,, 310 nm; mass spectrum, m/e 328 (M'), 223 (M+ - C,H9). 
Anal. Calcd for CI4Hl2C1F3N4: C, 51.15; H, 3.68; N, 17.04. Found: 
C, 51.54; H, 3.51; N, 17.27. 
7,8-Dihydro-9-(4-methylbenzyl)-2-( trifluoromethy1)purine 

(2b). Compound 2b was isolated from a remake of 2a in the 
following manner. A solution of 2.81 g (8.60 mmol) of la, 0.651 
g (17.2 mmol) of sodium borohydride, and 60 mL of dry tetra- 
hydrofuran was refluxed with stirring for 1 h. The solvent was 
spin evaporated in vacuo, and the residue was partitioned between 
ethyl acetate (75 mL) and water (50 mL). The organic layer was 
washed with water (1 X 50 mL) and brine (1 X 50 mL). The 
solution was dried over anhydrous sodium sulfate and then spin 
evaporated in vacuo. The crude residue was dissolved in di- 
chloromethane and added to 25 g of silica gel. This mixture was 
spin evaporated in vacuo, and the solids were introduced onto 
a column of silica gel 60. The column was eluted with ethyl 
acetate/hexane (1:2) by the flash chromatography technique." 
The major product 2a was eluted first and collected in 15 50-mL 
fractions. The yield of 2a was 2.40 g (85%). The column was 
then eluted with ethyl acetate/hexane (3:2). The appropriate 
fractions were combined and spin evaporated in vacuo to give a 
white solid. Recrystallization from hexane-ethyl acetate gave 
analytically pure 2b: yield 0.078 g (3.1%); mp 123-125 "C; TLC 
(EtOAc/cyclohexane (19)); NMR (Me2SO-d6) 6 7.18 (s,4 H, Ar 
H), 7.13 (s, 1 H, C-fi), 6.83 (br s, 1 H, NH), 5.02 (8,  2 H, NCH,N), 
4.51 (s, 2 H, CH2Ar), 2.28 (s, 3 H, CH,); UV (pH 7) A,, 310 nm; 
mass spectrum, m/e 294 (M'), 292 (M+ - 2 H). Anal. Calcd for 
C14H13F3N4: C, 57.14; H, 4.45; N, 19.04. Found C, 57.17; H, 4.46; 
N, 19.04. 
9-(4-Methylbenzyl)-2-(trifluoromethyl)purine (3). Base- 

Mediated Dehydrochlorination. To a stirred solution of 0.200 
g (0.608 mmol) of 2a in 3.3 mL of tetrahydrofuran was added 0.61 
mL (0.61 mmol) of 1 N NaOH. The orange solution was stirred 
for 18 h and then spin evaporated in vacuo to a volume of 1 mL. 
The solution was acidified with 1 N HCl and then extracted with 
ethyl acetate (1 X 20 mL). The extract was washed with water 
(1 x 15 mL) and brine (1 x 15 mL), dried (Na2S04), and spin 
evaporated in vacuo. The crude oil was dissolved in dichloro- 
methane and added to 1 g of silica gel. The volatiles were 
evaporated and the residue was introduced onto a column (2 cm 
x 9 cm) of silica gel 60. The column was eluted with ethyl 
acetate/hexane (1:l) by the flash chromatography technique." 
The appropriate fractions were combined and spin evaporated 
in vacuo to give a solid residue. Recrystallization from hexane 
gave 3: yield 0.051 g (29%); mp 107.5-108.5 "C; TLC (ethyl 
acetate/cyclohexane (1:l)); NMR (Me2SO-d,) 6 9.37 (s, 1 H, C-6), 
8.96 (s, 1 H, C-8), 7.21 (AB q, 4 H, Ar H), 5.52 (8, 2 H, CH,), 2.25 
(s, 3 H, CH,); UV (pH 7) X,, 263 nm; mass spectrum, m/e 292 
(M+). Anal. Calcd for C14HllF3N4: C, 57.54; H, 3.79; N, 19.17. 
Found: C, 57.41; H, 3.67; N, 19.08. 

Catalytic Hydrogenolysis. A mixture of 0.500 g (1.53 mmol) 
of la,  0.208 g (1.53 mmol) of sodium acetate trihydrate, 0.250 g 
of 5% palladium on carbon, and 25 mL of methanol was shaken 
at  2-3 atm of hydrogen for 1.5 h. The reaction was filtered and 
spin evaporated in vacuo. The residue was partitioned between 
ethyl acetate (25 mL) and water (25 mL). The ethyl acetate layer 
was washed with brine (15 mL), dried (Na2S04), and spin evap- 
orated in vacuo to give an oil. The oil was crystallized from 
pentane-hexane to give crystalline 3: yield 0.226 g (50%); mp 
106.5-108 "C identical with that prepared from 2a. 

5-Formamido-6-[ (4-methylbenzyl)amino]-2-(trifluoro- 
methy1)pyrimidine (4). A stirred solution of 0.500 g (1.52 m o l )  
of 2a, 3.0 mL (3.0 mmol) of 1 N NaOH, and 8.2 mL of ethanol 
was stirred at  ambient temperature for 18 h. The solvent was 
spin evaporated in vacuo, and the residue was dissolved in 40 mL 
of ethyl acetate. This solution was washed with water (1 X 25 
mL) and brine (1 X 25 mL). The combined aqueous phases were 
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back-washed with 50 mL of EtOAc. The combined extracts and 
wash were extracted with brine (1 X 50 mL), dried (NaZSO4), and 
spin evaporated in vacuo to give an orange oil. The crude oil was 
preadsorbed onto 3 g of silica gel and purified by flash column 
(3.5 cm X 17 cm) Chromatography" on silica gel 60 using Et- 
OAc/hexane (3:2) as eluant. The appropriate fractions were 
combined and spin evaporated in vacuo to give a light yellow solid. 
Recrystallization from EtOAe-hexane gave 4: yield 0.091 g (19%); 
mp 191.5-192 "C; TLC (EtOAc/cyclohexane (1:l)); NMR 
(Me2SO-d6) b 9.72 (br t, 1 H, NHCHO), 8.53 (s, 1 H, C-4), 8.37 
(s over d, J = 11 Hz, 1 H, CHO, collapsed to s with D20 exchange), 
7.92 (br t, 1 H, NHCH2), 7.20 (4, 4 H, Ar H), 4.57 (d, J = 5 Hz, 
2H, CH,), 2.27 (s, 3 H, CHJ; UV (pH 7) A,, 253 nm; mass 
spectrum, m/e 310 (M'), 295 (M' - CH,), 281 (M+ - CHO). Anal. 
Calcd for C14H13F3N40: C, 54.19; H, 4.22; N, 18.06. Found: C, 
54.22; H, 4.27; N, 18.01. 
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In three recent and independent studies requiring the 
preparation of phenol substrates we have encountered 
difficulties implementing successful Baeyer-Villiger oxi- 
dations of highly substituted, electron-rich acetophenones 
possessing one or two substituents ortho to the aryl acetyl 
groupa2 The combination of steric and electronic features 
of the acetophenone substrates, which slow or preclude the 
formation of the initial tetrahedral peracyl hemiketal, 
could not be addressed effectively by the use of recent 
variants3+ of the peracid Baeyer-Villiger reaction. Fur- 
thermore, under vigorous reaction conditions, substrates 
bearing sensitive functionality or groups susceptible to  
oxidation (e.g., indolines and electron-rich aromatic sys- 
tems) underwent secondary reactions and oxidation pro- 
cesses involving the reaction of substrate or solvent with 
the peracid, at the expense of the desired Baeyer-Villiger 
reaction. 
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cipient, 1981-1985. Alfred P. Sloan Research Fellow, 1985-1989. (b) 
National Institutes of Health Predoctoral fellow, 1984-1985 (No. GM 
07775). David Ross fellow of Purdue University, 1986-1987. 
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corresponding phenol. Oxidation of the indoline to the 
indole prior to rearrangement (Table I, entry 3) did not 
lead to improved yields of phenol 7, and again secondary 
oxidation processes appeared to predominate. 

In contrast to the hydroperoxide rearrangement of the 
secondary and tertiary alcohols derived from 1, Baeyer- 
Villiger oxidation (CF,CO,H, Na2HP04, CH2C12), of N- 
acetyl-7-acetylindoline (17) was only modestly successful 
(Table 11, entry l ) ,  providing 20-25% of N,O-diacetyl-7- 
hydroxyindoline (4) and 20-25% recovered starting ma- 
terial under optimal conditions. Additional peracids (m- 
chloroperbenzoic acid? 3,5-dinitroperbenzoic acid,4 per- 
monophosphoric acid5, or 0-alkoxypercarbonic acids6) and 
other methods for effecting Baeyer-Villiger oxidations 
(acidic H20,10) were unsuccessful in providing significant 
yields of 4 from 17. 

Benzylic secondary and tertiary alcohol substrates de- 
rived from hindered, electron-rich acetophenones as well 
as those possessing an oxidizable amino group, which 
consequently fail to effectively participate in the conven- 
tional Baeyer-Villiger rearrangement, appear to be ideally 
suited for use in the benzylic hydroperoxide rearrange- 
ment. Although both secondary and tertiary alcohols 
participated in hydroperoxide formationfrearrangement 
(e.g., compare entries 4 and 5, Table I), in those instances 
where secondary oxidation processes effectively competed 
with the desired rearrangement, the tertiary alcohol sub- 
strate provided consistently higher yields of product phenol 
(e.g., compare entries 1 and 2, Table I). Thus, the benzylic 
hydroperoxide rearrangement provides an effective com- 
plement to the Baeyer-Villiger rearrangement of aceto- 
phenones especially suited for use on occasions in which 
peracid treatment would prove to be expectantly poor. 

Experimental Section12 
7-Acetylindoline (1). A solution of indoline13 (1 g, 8.39 mmol) 

in 17 mL of dry benzene was carefully added to a cooled (0 OC) 
solution of BC1, in CHzClz (9.25 mL of 1 M solution), and the 
resulting solution was warmed to reflux (80 "C bath) under N2 
for 1 h. The reaction mixture was cooled to room temperature, 

In the search for alternatives to the Baeyer-Villiger 
oxidation for the conversion of a substituted acetophenone 
to the corresponding phenol (eq l), we have investigated 

(1) 
c9 RC03H 

X 

L 

the scope and preparative synthetic utility of the benzylic 
hydroperoxide rearrangement' (eq 2). Unexpectantly mild 
conditions that permit the use of either secondary or 
tertiary benzylic alcohols derived from the corresponding 
acetophenone or benzoate esters are detailed in Table I. 
Comparative yields for Baeyer-Villiger oxidation of the 
parent acetophenones are given in Table 11. 

Examination of a series of acid catalysts for promoting 
the formation of benzylic hydroperoxides and their sub- 
sequent rearrangement to phenols led to the observation 
that p-toluenesulfonic acid (p-TsOH) was a suitable acid 
catalyst for providing reasonable rates for these two re- 
action processes. Secondary and tertiary alcohols derived 
from methoxyacetophenones, methoxybenzaldehydes, or 
methyl methoxybenzoates (Table I, entries 4-9) required 
mildly acidic conditions for hydroperoxide formationfre- 
arrangement (10-15 mol % p-TsOH in Et,O or THF, ex- 
cess 30-90% HzOz, room temperature) and provided ex- 
cellent yields of the resulting methoxyphenols. These 
results contrast the moderate yields generally obtained in 
the Baeyer-Villiger oxidations of the corresponding o- 
alkoxyacetophenones (Table 11, entries 2, 3, and 5). 

The presence of basic functionality in the substrate, e.g. 
an indoline nitrogen (Table I, entries 1 and 2), necessarily 
required the use of more than 1 mol equiv of p-TsOH, and 
under these conditions substrate nitrogen protonation 
slowed the rate of the desired benzylic hydroperoxide 
formation / rearrangement sufficiently to allow secondary 
processes to effectively compete. Use of 55% aqueous 
sulfuric acid7g provided a satisfactory rate of hydroperoxide 
formation/ rearrangement, but again secondary processes 
were observed and the desired phenol 4 was isolated in an 
optimized yield of 44% after acetylation. Boron trifluoride 
etherate (BF3-Et,0)8 proved to be an ideal catalyst for the 
hydroperoxide rearrangement of the tertiary alcohol 3 
derived from 7-acetylindoline (1; entry 2), providing 4 in 
57 ?Za yield after acetylation. Thus, basic functionality may 
survive the hydroperoxide formation/ rearrangement pro- 
cesses as a consequence of either protic acid protonation 
or Lewis acid coordination during the reaction. Protection 
of the indoline nitrogen as the acetate prior to hydroper- 
oxide rearrangement was unsuccessful in providing the 
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dron Lett. 1981,22, 3451. (h) For application of a hydroperoxide rear- 
rangement in the synthesis of 4-hydroxypyrazoles see: Albrand, M.; 
Gelin, S. Synthesis 1983, 1030. 
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Elmer 1710 Fourier transform spectrophotometer. Melting points were 
determined on a Thomas-Hoover capillary melting point apparatus and 
are uncorrected. Electron-impact mass spectra (EIMS) and chemical 
ionization mass spectra (CIMS) were recorded on a Finnigan 4000 spec- 
trometer. High-resolution mass spectra (HRMS) were recorded on a 
Kratos MS-50 spectrometer. Medium- ressure liquid chromatography 
(MPLC)14a and flash chromatography'"were performed on silica gel 60 
(240-400 mesh). Preparative centrifugal thin-layer chromatography 
(PCTLC)14c was performed on a Harrison Model 7924 chromatotron 
(Harrison Research, Palo Alto, CA) using Merck silica gel 60 PFZb4 con- 
taining CaS04J/,H20 binder. Diethyl ether (Et,O) and tetrahydrofuran 
(THF) were distilled from sodium benzophenone ketyl, methylene chlo- 
ride (CHzClz) was distilled from Pz05, benzene was distilled from CaH,, 
and ethanol (EtOH) was distilled from MgOEt prior to use. All extraction 
and chromatographic solvents (CH2C12, EtZO, EtOAc, hexane) were dis- 
tilled before use. 90% hydrogen peroxide (H20.J was obtained from the 
FMC Corp. All other reagents were used as received from commercial 
sources. 

(13) For use of this urocedure in the ortho acvlation of anilines see: 
Sugasawa, T.; Toyoda,*T.; Adachi, M. Sasakura,i(. J .  Am. Chem. SOC. 
1978. 100. 4842. 
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C.; Kahn, M.; Mitra, A. J.  Org. Chem. 1978, 43, 2923. (c) Stahl, E.; 
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(15) (a) Bretschneider, H.; Hohenlohe-Oehringen, K.; Kaiser, A.; 
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Table I. Benzylic Hydroperoxide Rearrangements 
yield, 

entry substrate conditions product % 

(a) 5 equiv of H202, 10 equiv BF3.Et20, CH,Cl,, 22 O C ,  18-22 h 
(b) AcpO, KZCOS, 100 "C, 6-12 h p 

AcO Ac 
- 4 OH 

R=H 2 
R=CH3 3 

- 6 
OH 

19 
51 
37 

86 
89 
85 

73 

95 

50 

(a) 10 mol % p-TsOH, 3 equiv of H,O,, THF, 23 "C, 24 h 
(b) Ac20, K2C03, 100 "C, 6 h p / NH 

(a) 9-12 mol % p-TsOH, 20 equiv of H20z, Et,O, 22 "C, 5 h (R = CH,) 

(b) PhCH2Br, acetone, KZCO,, catalyst n-Bu4NI, reflux, 14 h 
24 h (R = H) eRoH 

' OCH, 

OCH,Ph 

a O C H ,  

- 10 
R=H 8 
R=CH, 9 

10 mol % p-TsOH, 10 equiv of Hz02, THF, 22 "C, 6 h 

12. 

11 mol % p-TsOH, 20 equiv of H202, THF, 22 "C, 4 h CH,O 

CH,O' 

- 14 

cH30?20H - 
C H 3 0  OCH, 

B 

PhCH,? 

10 mol % p-TsOH, 10 equiv of H202, THF, 24 "C, 21 h 

40 mol % p-TsOH, 10 equiv of H202, 22 "C, 6 days 

@OH 

CO,CH, 

- 18 T NHCO,CH,Ph 

and CH3CN (2.2 mL, 42 mmol, 5 equiv) was added followed by 
AlCl, (1.5 g, ca. 10 mmol). The mixture was warmed to reflux 
(80 OC bath) for an additional 15 h and was cooled to room 
temperature. 10% HCl (10 mL) was added, and the reaction 
mixture was warmed a t  80 "C for 0.5 h. The reaction mixture 
was cooled, diluted with 100 mL of water, and made basic with 
solid K2C03. The mixture was extracted with CH,C12 (4 X 100 
mL), the combined extracts were dried (MgSO,), and the solvent 
removed in vacuo. Chromatography (MPLC, 1.5 X 100 cm Si02, 
10-30% Et20  in hexane gradient) afforded 948 mg of 1 [1.35 g 
theor., (70%)] as a yellow crystalline solid: mp 85-86 "C (EhO- 
hexane); 'H NMR (CDCl,, 80 MHz, ppm) 7.41 (dd, 1 H, J = 1, 
8 Hz, C6-H), 7.14 (dd, 1 H, J = 1, 7 Hz, C4-H), 6.51 (dd, 1 H, J 
= 7, 8 Hz, C5-H), 3.73 (t, 2 H, J = 8.5 Hz, NCHZCHZ), 3.02 (t, 
2 H , J  = 8.5 Hz, NCH,CH,), 2.49 (s, 3 H, ArCOCH3); IR (KBr) 
u,, 3403,3062, 2993,2904, 2846, 1642, 1580,1504,1479, 1391, 
1307,1290,1264,1226, 1193, 1118,1058,1037,981,741,625 cm-'; 
EIMS, m / e  (relative intensity) 161 (M', base), 146 (69), 118 (56), 
91 (29); CIMS (isobutane), m / e  162 (M+ + H, base). 

Anal. Calcd for CloHIINO: C, 74.51; H, 6.88 N, 8.69. Found: 
C, 74.37; H, 7.06; N, 8.77. 

N,O -Diacetyl-7-hydroxyindoline (4). A solution of 3 (56 
mg, 0.316 mmol) in 1.2 mL of CHPClz was cooled to 0 "C and was 
treated with a 2:l (mol/mol) mixture of BF3.Et20-90% H202' 
(0.43 mL, ca. 1.5 mmol of Hz02, ca. 5 equiv). The reaction mixture 

was allowed to warm to 22 "C and was stirred 22 h. The reaction 
mixture was diluted with water and was poured onto 5 mL of cold 
(0 "C) saturated Na2S0,. After 5 min solid Na2C03 was carefully 
added until the mixture was basic. Extraction with EtOAc (8 x 
4 mL), drying the combined extracts (NaSOJ, and removal of 
the solvent in vacuo afforded crude 7-hydroxyindoline as a brown 
solid. This solid was dissolved in 2 mL of Ac20 and treated with 
excess K2C03 and catalytic (N,N-dimethylamino)pyridine, and 
the resulting mixture was warmed at 100 "C for 6 h. The volatiles 
were removed in vacuo and the residue partitioned between 10 
mL of water and 10 mL of CH2C12. The aqueous phase was 
extracted with CH2C12 (2 X 10 mL), the combined organic extracts 
were dried (MgS04), and the solvent was removed in vacuo to 
afford crude 4 as a brown oil. Chromatography (PCTLC, 1 mm 
SO,, EtOAc) afforded 39.6 mg of 4 [69.3 mg theor., (57%)] as 
a white, crystalline solid: mp 125-126 "C (CH2C1,-hexane); 'H 
NMR (CDC13, 80 MHz, ppm) 6.8-7.1 (m, 3 H, ArH), 4.10 (t, 2 
H, J = 8 Hz, NCH2CH,), 3.09 (t, 2 H, J = 8Hz, NCH,CH2), 2.28 
(s, 3 H, acetyl), 2.21 (s, 3 H, acetyl); IR (KBr) u,, 2931, 2879, 
1765,1676, 1608,1477,1460, 1395, 1366,1355,1341,1324,1248, 
1222, 1187, 1019, 879, 851, 781, 740 cm-'; EIMS, m / e  (relative 
intensity) 219 (M', ll), 177 (25), 135 (base), 116 (6), 104 (3); CIMS 
(isobutane), m / e  220 (M+ + H, base), 178 (38). 

Anal. Calcd for CI2Hl3NO3: C, 65.74; H, 5.98; N, 6.39. Found: 
C, 65.62; H, 5.96; N, 6.61. 
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Table 11. Comparative Baeyer-Villiger Reactions 
yield, 

entrv substrate conditions product % 

A. 'AC AcO AC 

2 b  0 CF3COsH, &OAc 60 

U O C H ,  
CHCl,, 
reflux, 5 h 

U O C H ,  

0 m-CPBA, OAc 60 

OCH, 

3' 

CHO m-CPBA, 

OCH, reflux; CH30 
CHzCln 

KOH, OCH, 
MeOH, 

4d 

CH,O 

OCH, 

room temp 

tie P h C H 2 0  0 m-CPBA, PhCH,O 33 
CHC13, 
reflux, 48 h 

C 0 2 C H 3  CO,CH3 

OFor preparation and use of this reagent system see ref 3. *See 
ref 11. cSee ref 2b. dSee ref 9. 'See ref 15b. 

7-Acetoxyindole (7): 'H NMR (CDCI,, 80 MHz, ppm) 8.5 (br 
s, 1 H, NH), 6.4-7.5 (m, 5 H, ArH), 2.37 (s, 3 H, OCOCH,); IR 
(neat) vmax 3368,3110, 3079,2933, 1735,1636,1580,1495,1443, 
1369,1342,1287,1228,1204,1109,1036,907,892,846,791,722 
cm-'; EIMS, m/e (relative intensity) 175 (M', 38), 133 (base), 105 
(25), 104 (29); CIMS (isobutane), m/e 176 (M' + H, base), 134 
(8); HRMS, m/e 175.0635 (CloHBNO2 requires 175.0633). 

0-Benzyl-0-methylcatechol (10). A solution of 90% H202 
in E t20  (14.4 mmol in 2.0 mL) was added to 9 (108.7 mg, 0.654 
mmol) followed by p-TsOH-HzO (11 mg, 0.06 mmol, 9 mol %). 
The resulting solution was stirred 5 h at  22 "C. The reaction 
mixture was poured onto 10 mL of 10% Na2C03, and the mixture 
was extracted with CH2C12 (5 X 10 mL). The combined organic 
extracts were dried (MgS04), and the solvent was removed in 
vacuo (bath temperature C25 "C) to afford crude 2-methoxyphenol 
as a light yellow oil. This crude oil dissolved in 1.5 mL of dry 
acetone was treated with K2C03 (0.46 g, 3.3 m o l ,  5 equiv), benzyl 
bromide (0.25 mL, 2.1 mmol, 3.2 equiv), and n-Bu4NI (catalyst). 
The reaction mixture was warmed to 55 "C under Nz for 14 h, 
cooled to room temperature, and partitioned between 50 mL of 
Et20  and 15 mL of water. The Et20  layer was washed with 20 
mL of brine and was dried over MgS04. Removal of the solvent 
in vacuo followed by chromatography (PCTLC, 2 mm Si02, hexane 
and then 50% Et&-hexane) afforded 124 mg of 10 [140 mg theor., 
(89%)] as a colorless oil: IH NMR (CDCl,, 80 MHz, ppm) 7.2-7.4 
(m,5 H,PhCH2), 6.89 (br s, 4 H, ArH), 5.14 (s,2 H,PhCH,), 3.88 
(s,3 H, OCH,); IR (neat) v,= 3034,2951,2935,2919,2838,1591, 
1508,1456,1290,1258,1220,1185,1125,1022,1010,741,699 cm-'; 
EIMS, m/e (relative intensity) 214 (M', 4), 91 (base); CIMS 
(isobutane), m/e 215 (M' + H, base), 147 (6), 137 (14), 91 (12); 
HRMS, m/e 214.0999 (C14H1402 requires 214.0994). 

A solution of 30% H20z (0.8 mL, 7.8 mmol, 10.0 equiv) was 
added to a solution of 9 (129 mg, 0.78 mmol) in 0.8 mL of THF. 
p-TsOH.HzO (15 mg, 0.08 mmol, 10 mol %) was added and the 
reaction mixture was stirred 24 h at  22 OC. Workup, benzylation, 
and purification as described above afforded 132 mg of 10 [166 
mg theor., (80%) ] .  
3-Methoxy-5,6,7,8-tetrahydro-2-naphthalenol (12): mp 

80-81 "C (hexane); 'H NMR (CDCl,, 470 MHz, ppm) 6.62 (s, 1 

OCH,), 2.67 (m, 4 H, C5-H and C8-H), 1.74 (m, 4 H, C6-H and 
H, C1-H), 6.54 (s, 1 H, C4-H), 5.40 (5, 1 H, OH), 3.84 (s, 3 H, 

C7-H); IR (KBr) vmar 3413, 2927, 2837,1518, 1450, 1433, 1373, 
1322,1291,1266,1249,1209,1109,1020,865,846,808 cm-'; EIMS, 
m/e (relative intensity) 178 (M', base), 163 (15), 150 (36), 135 
(31), 117 (12), 107 (24), 91 (18); CIMS (isobutane), m/e 179 (M' 
+ H, base), 177 (6); HRMS, m/e 178.0993 (CllH1402 requires 
178.0994). 

N-(Carbobenzyloxy)-4-0 -benzyl-3-hydroxy-~-tyrosine 
methyl ester (19): 'H NMR (CDCl,, 200 MHz, ppm) 7.39 (br 
s, 5 H, PhCH20), 7.34 (br s, 5 H, PhCH20), 6.81 (d, 1 H, J = 8.2 
Hz, C5-H), 6.69 (d, 1 H, J = 2.0 Hz, C2-H), 6.54 (dd, 1 H, J = 
8, 2 Hz, C6-H), 5.64 (8,  1 H, OH), 5.22 (d, 1 H, J = 7.7 Hz, NH), 
5.10 (s, 2 H, PhCH20), 5.06 (s, 2 H, PhCH,O), 4.60 (m, 1 H, 
NHCHCH,), 3.72 (s, 3 H, OCH,), 3.01 (d, 2 H, J = 5.6 Hz, 
CHCH,); IR (neat) Y, 3518,3364,3064,3033,2952,1718,1592, 
1510,1455,1438,1382,1343,1275,1215,1129,1061,1025,738, 
698 cm-'; EIMS, m/e (relative intensity) 435 ( M', l), 392, 374, 
332,303,284,268,241,224,213,211,204,195,181,91 (base); CIMS 
(isobutane), m/e 436 (M' + H, 14), 392 (base). 
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The  metabolism of olefins and arenes in plants, animals, 
and fungi often proceeds via epoxide and arene oxide in- 
termediates1y2 which are frequently formed in high optical 
yields. Earlier studies from these laboratories have been 
concerned with the synthesis and determination of optical 
purity and absolute configuration of epoxides3" and arene 
oxides2 using a wide range of methods. Chiral shift reag- 
ents have been used previously t o  estimate the  optical 
purity of acyclic epoxideP13 including keto epoxides13 but  
have not been used in the  determination of absolute con- 
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