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N{a-Benzotriazolylalkyl)arylacetamides, readily available from an arylacetamide, an aldehyde and benzo-
triazole, undergo intramolecular cyclization under acidic conditions to give l-aryl-1,4-dihydro-3(2H}isoqui-
nolinones in good to excellent yields. Similarly, 2-(benzotriazol-1-yl}2-{o-hydroxyphenyl)ethanols, obtained by
lithiation of 2-{benzotriazol-1-ylmethyl)phenols followed by quenching with aldehydes or ketones, eliminate a
molecule of water and a molecule of benzotriazole yielding 2-substituted and 2,3-disubstituted benzofurans.
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Benzotriazole as a synthetic auxiliary has been well in-
vestigated in this laboratory {1]. In particular, N{benzotri-
azol-1-ylalkyl)amides, readily available from an amide, an
aldehyde and benzotriazole {2], have been used as efficient
amidoalkylation reagents with advantages compared to
classical amidoalkylation techniques [3-7]. Thus, they react
smoothly with active aromatic compounds [8], thiols [9],
CH acids [10], and alcohols [11] under mild conditions to
give the corresponding amidoalkylation products by inter-
molecular reactions. We anticipated that for suitable ring
sizes, this type of reaction should occur intramolecularly
thus providing an attractive route to certain heterocycles.
We now report such ring-closures: under acidic condi-
tions, N-(l-benzotriazolylalkyl)arylacetamides eliminate a
molecule of benzotriazole to give l-aryl-1,4-dihydro-
3(2H)-isoquinolinones, and 2-(benzotriazol-1-yl)-2-(o-hy-
droxyphenyl)ethanols cyclize to benzofurans. Almost all
the reactions concerning the use of benzotriazole as a syn-
thetic auxiliary previously reported are intermolecular.
The results in the present work represent the first ex-
amples of intramolecular benzotriazole eliminations to
form useful heterocycles.

1-Aryl-1,4-dihydro-3(2 Hy-isoquinolinones.

Phenylacetamide (la) condensed with benzaldehyde
and benzotriazole to give the derivative 2a in a modifica-
tion of our literature procedure [2]. Treatment of 2a in di-
chloromethane with aluminum chloride under reflux gave
the desired cyclized product 4a in 95% yield. The by-
product benzotriazole was easily removed by alkali during
workup. When benzene was used as the solvent, an inter-
molecular reaction occurred to give 3. We have previously
reported amidoalkylation for activated aromatic com-
pounds [8], but this intermolecular reaction demonstrates
a suitable procedure for unactivated aromatic rings which
should be capable of considerable generalization. Stirring
the benzotriazolyl derivative 2a in concentrated sulfuric
acid at room temperature for 3 hours also gave 4a in 81%
yield. The reactions presumably involve the formation of
N-acyliminium ion 3 after loss of benzotriazole from 2.

The ion 3 then reacts with aromatic rings intra- or inter-
molecularly to give 4 and 5, respectively (Scheme 1).
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We next examined reactions with other aldehydes and
with other amides. Condensation of phenylacetamide (1a)
with 2-methylbenzaldehyde and 4-chlorobenzaldehyde af-
forded the benzotriazolyl derivatives 2b,e. Further cycli-
zation reactions gave good yields of the cyclized products
4b,c. 4-Methoxyphenylacetamide (1b) and 1-naphthalene-
acetamide (6) reacted similarly with benzotriazole and aro-
matic aldehydes to give benzotriazolyl derivatives 2d,e
and 7. These derivatives were then cyclized in dichloro-
methane in the presence of aluminum chloride to yield the
desired products 4d,e and 8 respectively (Schemes 1, 2).
For 4-methoxyphenylacetamide, relatively low yields of the
desired products were obtained because the cyclization
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Table 1
Preparation of N-(a-Benzotriazolylalkyl)arylacetamides 2 and 7

Product Solvent Time Yield Mp Molecular Analysis
(hours) (%) (°C) Formula Caled./Found
H N
2a toluene 48 61 158-160 Cy1H)gN4O 73.67/73.82 5.30/5.40 16.36/16.46
2b  toluene 48 65 192-194 CyaHyoN4O 74.14/74.51 5.66/5.65 15.72/15.99
2¢  toluene 48 60 173-176 C91H;7CIN,O 66.93/67.29 4.55/4.59 14.87/14.48
2d  benzene 24 63 126-128 CasHagN40g 70.95/71.07  5.41/5.41  15.04/15.20
2¢  benzene 20 63 145-147 CooH) ¢CIN, O, 64.95/64.51 4.71/4.66 13.77/13.35
7 benzene 24 53 162-164 CosHygN4O 76.51/76.78 5.14/5.14 14.28/14.35
Table 11
Preparation of 1-Aryl-1,4-dihydro-3(2H)-isequinolinones 4 and 8
Product Method Time Yield Mp Lit mp or Analysis
hours (%) (°C) Molecular Caled./Found
Formula C H N
4a[a] A(B) 4(3) 95(81) 165-167 164 -165° [18] - - -
4b B 5.5 76 163-165 164°{22] - - - -
4c[a] A(B) 2(4) 95(85) 158-160 Cy5H2CINO 69.51/69.61 4.69/4.76 5.43/5.31
4d A 2.5 47 135-137 Cy6H1sNOy 75.87/76.02 5.97/5.97 5.53/5.36
4e A 2 60 111-113 C16H)4CINOy 66.79/66.01 4.90/5.03 4.87/4.61
8 B 3 56 209-211 CyoH sNO 83.49/83.75 5.53/5.54 5.12/5.07

[a] Included in parenthesis are relative data by method B.

had to occur at the unreactive position meta to the meth-

0Xy group.
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1,4-Dihydro-3(2 Hy-isoquinolinones, which possess sig-
nificant biological activity [12,13] and can easily be re-
duced to the useful tetrahydroisoquinolines [14,15], have
previously been prepared by various methods. Arylaceto-
nitriles and aromatic aldehydes in polyphosphoric acid
form 1-aryl-1,4-dihydro-3(2H)-isoquinolinones [16-20] wvia
arylidenebis(phenylacetamides) which cyclize intramolecu-
larly with loss of a molecule of amide. Alternatively, aryli-
denebisamides are isolated in a two-step sequence from
the reaction of aldehydes and primary amides [12,20-22].

In both cases, a molecule of the by-product amide is gener-
ated which can complicate the isolation of the product and
the yield calculated on the amide or nitrile component can
not exceed 50%. The direct reaction of amides (both pri-
mary and secondary) to l-aryl-1,4-dihydro-3(2H}-isoquino-
linones is reported only with benzaldehyde and in yields of
21-54% [14,18,20]. Reductive amination of o-acylphenyl-
acetic acid gives l-substituted 1,4-dihydro-3(2H)-isoquino-
linones [15] in a three-step procedure and involves the use
of high pressure and temperature (70 atmospheres, 110°).
N-Hydroxymethylarylacetamides are cyclized by polyphos-
phoric acid to give 1,4-dihydro-3(2H)-isoquinolinones [23]
under vigorous conditions, no examples are reported with
other aldehydes. The cyclization of N-(c-alkoxyalkyl)-
amides, obtained by the anodic oxidation of amides [24,25]
requires specialized equipment. Compared to these previ-
ous routes, our two-step sequence for the synthesis of 1-
aryl-1,4-dihydro-3(2H)-isoquinolinones offers comparable
yields, mild reaction conditions, stable intermediates, and
easy workup procedure. A recent paper [26] has reported a
somewhat similar synthesis of tetrahydroisoquinolines by
intramolecular ring-closure of N-alkoxycarbonyl-NV-o-
methoxyalkyl-B-arylethylamines.

Benzofurans.

We previously demonstrated that 2-(benzotriazol-1-yl-
methyl)phenols, easily obtained from condensation of phe-
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nols with l-hydroxymethylbenzotriazole, undergo lithia-
tion at the methylene group a to the benzotriazolyl and
the lithium salt can be trapped with various electrophiles
such as alkyl halides, aldehydes, ketones, and carbon diox-
ide [27]. The benzotriazole group is then displaceable by
carbanions from Grignard reagents or by hydride from
lithium aluminum hydride. We have now found that deriv-
atives 10, obtained by using aldehydes or ketones as elec-
trophiles, undergo intramolecular cyclization and thus
provide a new route to 2-substituted or 2,3-disubstituted
benzofurans.

Compounds 10 are obtained according to our previously
reported procedure [27]. Heating 10 in acetic acid in the
presence of p-toluenesulfonic acid for an appropriate time
gives the 2-substituted or 2,3-disubstituted benzofurans as
shown in Scheme 3. Protonation of the alcoholic hydroxy
group was followed by elimination of a molecule of water
to give cation 11, which was immediately attacked by the
phenolic hydroxy group in an intramolecular reaction to
give 12. For compounds 10 derived from aromatic or ali-
phatic aldehydes, i.e. where R* = H, elimination of a
molecule of benzotriazole and the formation of an aro-
matic benzofuran ring gave 14a-c. For compound 10d de-
rived from quenching the lithiated derivative of 9 with
benzophenone (R = R’ = Ph), scission of the benzotri-
azole group from 12d was followed by the migration of a
phenyl group to give 2,3-diphenylbenzofuran 13 in 63%
yield. Migration of a phenyl group from the 2- to 3-posi-
tion was also observed for compound 10a (derived from
benzaldehyde): heating 10a under the above described
conditions gave a mixture of the expected 2-phenylbenzo-
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furan (14a) and the rearranged product 3-phenylbenzo-
furan (15), in a 48:52 ratio as confirmed by gc/ms data. In
another experiment, compound 10a was heated with a
catalytic amount of p-toluenesulfonic acid without any sol-
vent in a closed sample vial, again, a mixture of compound
14a and compound 15 was obtained in a ratio of 47:53 ac-
cording to ge/ms data.

We also examined a one-pot sequence which employed
two consecutive lithiations. Initial treatment of 9 under
the normal lithiation conditions followed by quenching
with methyl iodide gave compound 16. Further lithiation
and treatment with benzaldehyde afforded compound 17.
Heating 17 under the above described conditions afforded
2-phenyl-3-methylbenzofuran (18) in 55% yield (Scheme
4).
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The benzofuran nucleus is present in natural products
and benzofurans have been widely used, particularly in
pharmacology [28]. Benzofurans are usually prepared by
the cyclodehydration of aryloxy ketones with sulfuric acid
or polyphosphoric acid [29,30]. Le Corre et al. [31,32]
reported the use of o-hydroxybenzyl triphenylphos-
phonium bromide in reaction with acid chlorides or acid
anhydrides, in the presence of triethylamine, to give 2-sub-
stituted benzofurans in moderate to good yields. Chro-
mium(III) complexes have also been used for the synthesis
of 2-substituted benzofurans [33]. Brady [34,35] reported
intramolecular [2+2] cycloaddition reactions of ketene
and carbonyl groups to afford benzofurans. Although our
yields of 2-substituted and 2,3-disubstituted benzofurans
are variable, the alternative approach presented here com-
mences from easily available starting materials and offers
easy purification of the product in the cyclization step.

Structural Characterization.

The structures of all intermediates and products ob-
tained were characterized by their 'H and '*C nmr spec-
tra, by elemental analyses, or where appropriate, by com-
parison with literature data. The benzotriazole derivatives
2 and 7 are all benzotriazol-1-yl isomers as evidenced by
nmr spectra. This is in accordance with the results prev-
iously reported for primary amides [2].
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2a

2b [a]

2¢[a]

2d

2e[a]

7 [a]

ArCHy

3.60 (s, 2 H)

3.62 (AB, 2 H,

J=14.2)

3.62 (AB, 2 H,

J=14.3)

3.50(s,2H)

3.54 (AB, 2 H,

J=14.9)

4.10 (s, 2 H)
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Table III
1H and 13C NMR Spectral Data for N-(a-Benzotriazolylalkylarylacetamides 2and 7

n
Others

7.1-7.3 (m, 10 H), 7.34 (t, 1 H, J = 7.1),
7.42(1,1H, J =6.9), 7.75 (d, 1H, ] = 9.0),
7.88(d, 1 H,J =9.0),8.01(d,1H,J=8.1)
2.21 (s, 3 H), 7.0-7.5 (m, 11 H), 7.64 (d,
1H,J=17.6),8.00(,2H,J)=85),9.73 (d,
1H,]=8.6)

7.15-7.50 (m, 11 H), 7.69 (d, 1 H, ] = 8.3),
7.93(d,1H,J=8.7),8.01(d, 1H, ] =8.2),
9.85(d, 1H, ] =8.5)

3.71(s, 3 H), 6.76 (d, 2 H, J =8.1), 7.07 (d,
2 H, ) =8.3),7.1-7.4 (m, 6 H), 7.55 (d, 1 H,
J=7.6),7.89(d,1H,J=8.8),7.97(d, 1 H,
J=8.2),8.08(d, 1H, J=9.0)

3.72 (s, 3 H), 6.76 (d, 2 H, ] =8.5), 7.15 d,
2H, ] =8.4),7.2-7.5 (m, 6 H), 7.68 (d, 1 H,
J=8.5),7.92(d,1H,J =8.5),8.00(d, 1 H,
J=8.2),9.72(d, 1H, ] =8.8)

7.25-7.45 (m, 11 H), 7.65-7.75 (m, 2 H),
7.79(d, 1H, J=8.1),7.94 (d, 1 H, ] = 4.6),
7.97(d,1H,J=4.2),8.01(d, 1H, ] =8.4),
9.94(d,1H,] =8.4)

C=0

171.0

169.3

170.4

171.5

170.5

170.3

CHBt

64.5

62.2

ArCH,

42.8

41.4

41.8

[a] The nmr spectra were run in solutions of a mixture of deuteriochloroform and DMSO0-dg.

4a

4b

4e

4d

8[a]

ArCH,

3.60 (AB,2 H,
1=19.7)

3.64 (s, 2 H)
3.62 (s, 2 H)
3.53 (AB,2 H,
J=20.0)

3.56 (s, 2 H)

3.99 (AB, 2 H,
J=21.0)
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13¢
Others

109.8,119.7, 124.2, 126.2, 127.2,
127.8,128.7, 128.8, 128.9, 129.2,
132.6, 133.9, 135.9, 145.7

17.3,109.2, 118.0, 122.6, 124.6, 125.1,
126.0, 126.7, 127.5, 127.6, 129.4,
130.8,133.1, 133.9, 134.5, 144.1
109.6, 118.6, 123.3, 125.8, 126.8,
127.4, 127.8,128.1, 131.5, 133.6,
134.1, 134.2, 144.7

55.0,109.8, 114.1, 119.6, 124.2, 125.8,
126.2,127.7, 128.7, 128.9, 130.2,
132.5,135.9, 145.4, 158.6

53.9,109.5, 112.6, 118.4, 123.1, 126.0,
126.5, 127.3, 127.6, 128.9, 131.2,
133.3,133.9, 144.5, 157.2

109.6, 118.5, 123.0, 123.1, 124.4,
124.6,124.9, 125.6, 126.5, 126.8,
127.4,127,7, 127.8, 130.6, 131.0,
131.4,132.5, 135.3, 144.6

1H and 13C NMR Spectral Data for 1-Aryl-1,4-dihydro-3(2H)-isoquinolinones 4 and 8

Table IV
1H

HNCH Others

5.60 (s,br, 6.98(d,1H,]J=1.5),7.1-7.3 (m,

1H) 8 H), 7.67 (s, br, 1 H)

5.84 (s, 1H) 2.31(s,3H),6.72(d,1H,J=17.8),
7.0-7.3 (m, 9 H)

5.61(s,1H) 6.96(d,1H,J=15),7.1-7.3 (m,

7 H), 7.56 (s, 1 H)

5.54 (s, LH) 3.67 (s, 3H),6.52(d, 1 H, J=2.5),
6.7-6.8(m,1H),7.04(d,1H,]J =
8.3), 7.2-7.3 (m, 5 H), 7.80 (s, br,
1H)

5.55(s, 1H) 3.71(s,3H),6.48(d,1H,J=2.5),
6.75-6.85 (m,1H),7.09(d,1H,J =
8.6),7.18(d,2H, J=8.6), 7.30 (d,
2H,J=8.5),7.49 (s, br, 1 H)

5.79(d, 1 H, 3.27(s, 1 H), 7.1-7.3 (m, 6 H), 7.50

J=2.2) (t.1H,)J=8.0),7.58(1,1H,J =

6.6),7.66 (d,1H, J =8.5),7.81 (d,
1H,)=8.0),7.93(d,1H,J=8.5),
8.53 (s, br, 1 H)

C=0

171.4

170.8

171.6

171.7

171.8

167.5

HNCH

59.8

57.2

58.9

59.8

59.3

58.9

[a] The nmr spectra were run in solution of a mixture of deuteriochloroform and DMSO-dg.

For compounds 2 and 7, the benzylic methylene groups
resonated in the 'H nmr spectra in the region of 3.50-4.10
ppm as singlets or as AB patterns with coupling constants
of 14.2-14.4 Hz and in the *C nmr spectra in the region of
38.8-42.8 ppm. The benzotriazolyl « methine group

13¢

ArCH, Others

36.3 126.5, 126.6, 127.1, 127.4, 127.7,
127.9, 128.8, 131.2, 134.5, 141.4,

36.3 19.3, 126.0, 126.6, 126.7, 127.4,
127.6, 128.2, 128.5, 131.1, 131.4,
134.3, 136.1, 138.6

36.1 126.4, 126.7, 127.6, 127.8, 128.3,
128.8, 131.0, 133.6, 133.9, 140.0

35.4 55.1,112.6, 113.1, 123.1, 126.9,
127.8, 128.6, 128.7, 135.5, 141.4,
158.1

35.4 55.2,112.1, 113.4, 123.1, 128.5,
128.9, 129.0, 133.8, 135.0, 139.9,
158.3

30.6 121.4, 123.4, 124.2, 124.6, 125.4,

125.7, 125.8, 126.3, 127.0, 127.3.
129.2, 129.6, 130.7, 142.1

showed the expected proton signals in the aromatic region
and the carbons resonated between 62.2-64.5 ppm. The
amide carbonyl carbons appeared between 169.3-171.5

ppm.
For the isoquinolinones 4 and 8, the chemical shifts of
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protons for the benzylic methylene groups and of carbons
for the amide carbonyls were quite similar to their precur-
sors. The benzylic methylene groups, contained in the di-
hydroisoquinolinone six membered ring, displayed their
protons as singlets or as AB patterns with coupling con-
stants of 19.5-21.0 Hz and their carbons in the region
30.6-36.3 ppm. For the methine groups directly attached
to the amide nitrogen, the protons were found at 5.54-5.84
ppm and their carbons at 57.2-59.8 ppm, respectively.
These upfield shifts are due to the loss of the electron
withdrawing benzotriazole group.

The structures of derivatives 10a-d were also confirmed
by their 'H and *C nmr spectra. The nmr spectra of the
benzofurans 13-15 and 18 clearly indicated the disappear-
ance of the benzotriazole signals. The characteristic sig-
nals for the 3 position in 2-substituted benzofurans 14a-c
were their protons in the region 6.32-6.33 ppm as singlets
(at 6.98 ppm for compound 144a) and their carbons in the
region 99.7-101.7 ppm, respectively.

EXPERIMENTAL

Melting points were determined on a Kolfler hot-stage micro-
scope and are uncorrected. The 'H and *C nmr spectra were re-
corded on a Varian VXR 300 spectrometer in deuteriochloro-
form solutions unless otherwise stated. Elemental analyses were
performed on a Carlo Erba 1106 elemental analyzer in this De-
partment. Commercially available reagent grade solvents were
thoroughly dried by standard methods prior to use. Preparative
chromatography was performed by flash column chromatography
with silica gel (Merck silica gel 60, mesh 240-400).

General Procedure for the Preparation of N{o-Benzotriazolyl-
alkylarylacetamides 2 and 7.

A mixture of an arylacetamide (20 mmoles), an aryl aldehyde
(20 mmoles), benzotriazole (2.38 g, 20 mmoles) and 0.19 g of p-tol-
uenesulfonic acid (1 mmole) in toluene (80 ml) or benzene (80 ml)
was heated under reflux for the appropriate time. Water was
removed azeotropically by a Dean-Stark trap. The solvent was
removed under reduced pressure. For 2a-c and 2e, the residue
was triturated with diethyl ether to give the desired product. For
2d and 7, the residue was taken up into chloroform (100 ml),
washed with 5% sodium hydroxide solution (20 ml), and dried
(magnesium sulfate). Evaporation of the solvent gave a residue
which was chromatographed with hexanelethyl acetate (3:1) to
give 2d, or triturated with diethyl ether to give 7. The prepara-
tive data and nmr spectral data are given in Table I and Table

III.

General Procedure for the Preparation of 1-Aryl-1,4-dihydro-
3(2H)isoquinolinones 4 and 8.

Method A.

To a solution of the N{a-benzotriazolylalkyl)arylacetamide (5
mmoles) in dry dichloromethane (30 ml) was added 2.66 g of
anhydrous aluminum chloride (20 mmoles). The resulting solu-
tion was heated under reflux for an appropriate time and poured
into water (30 ml). The mixture was made basic with 20% of
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sodium hydroxide solution and extracted with chloroform (3 x 30
ml). The combined extracts were washed with water (30 ml) and
dried (magnesium sulfate). Evaporation of the solvent gave the
desired product 4a and 4e¢. For 4d-e, the pure products were ob-
tained by column chromatography with hexane/ethyl acetate

(1:1).
Method B.

To concentrated sulfuric acid (3 ml) cooled to 0° was added the
appropriate N{o-benzotriazolylalkyl)arylacetamide (1.5 mmoles)
portionwise. The resulting mixture was then stirred at 0° for 4b
and 8 or at room temperature for 4a and 4c for the time given in
Table II. It was poured onto ice (30 g), rendered basic with 50%
sodium hydroxide solution and extracted with chloroform (3 x 20
ml). The combined extracts were dried (magnesium sulfate) and
evaporated to give the desired products. The preparative data
and the nmr spectral data are given in Table II and Table IV.

N-Diphenylmethylphenylacetamide (5).

To a solution of N{a-benzotriazol-1-ylmethyl)phenylacetamide
(2a) (0.66 g, 1.93 mmoles) in dry benzene (15 ml) under nitrogen
was added 0.54 g of anhydrous aluminum chloride (4 mmoles).
The mixture was heated under reflux for 1.5 hours, cooled and
poured into water (30 ml). The resulting solution was rendered
basic with 10% sodium hydroxide solution, extracted with chloro-
form (3 x 30 ml) and dried (magnesium sulfate). Evaporation of
the solvent gave the desired product 5 (0.47 g, 81%), mp
161-163° (lit [36] mp 162-163°); 'H nmr: 3.57 (s, 2 H), 6.2-6.3 (m, 2
H), 7.0-7.1 (m, 4 H), 7.2-7.4 (m, 11 H); **C nmr: 43.6, 56.7, 127.2,
127.3, 128.5, 128.9, 129.2, 129.3, 134.8, 141.3, 170.0.

General Procedure for the Preparation of 2{(Benzotriazol-1-yl)-
2{o-hydroxyphenyl)ethanols 10a-d.

To a stirred solution of 2-(benzotriazol-1-ylmethyl)phenol (9)
(2.26 g, 10 mmoles) in dry THF (60 ml) under nitrogen at —78°
was added n-BuLi (2.5 M in hexane, 4.0 ml, 10 mmoles). The solu-
tion was stirred at —78° for 1 hour, then trimethylsilyl chloride
(1.26 ml, 10 mmoles) was added. The resulting solution was stir-
red at —78° for 0.5 hour and at room temperature for 0.5 hour.
It was then cooled to —78° and n-BuLi (2.5 M in hexane, 4.0 ml,
10 mmoles) was added. After stirring at —78° for 2 hours, the ap-
propriate aldehyde or ketone (10 mmoles) was added. The result-
ing solution was allowed to warm to room temperature and stir-
red overnight. The THF was evaporated and to the residue was
added 95% ethanol (45 ml) and concentrated hydrochloric acid
(0.5 ml). The solution was stirred at room temperature for 0.5
hour and the ethanol was evaporated. The residue was taken up
into chloroform (50 ml) and water (40 ml) and the mixture was
rendered acidic with 2 NV hydrochloric acid. The organic layer
was separated and the aqueous layer was extracted with chloro-
form (2 x 40 ml). The combined extracts were washed with water
(40 ml) and dried (magnesium sulfate), and the solvent evapo-
rated to give the crude product. The crude products were chro-
matographed with hexanelethyl acetate (4:1) to give the pure
compounds 10a-c. For 10d, trituration of the crude product with
chloroform afforded the pure product.

2-(Benzotriazol-1-yl)}-2-(o-hydroxyphenyl)-1-phenylethanol (10a)
was prepared as previously reported [27].

1-(Benzotriazol-1-yl)-1-(o-hydroxyphenyl)-3-methyl-2-butanol
(10b).

This compound was prepared (74%) by quenching with iso-
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butyraldehyde, mp 199-200°; ‘H nmr (DMS0-de): 0.94-0.99 (m, 6
H), 1.64-1.69 (m, 1 H), 4.80-4.84 (m, 1 H), 5.01 (d, 1 H,J = 6.1),
6.33(d, 1 H,J] = 9.8), 6.80-6.90 (m, 2 H), 7.09 (1, 1 H, ] = 7.4),
7.32(t,1H,J = 7.0),7.48(t,1 H,J = 8.1),7.60(d, 1 H,J = 7.6),
7.84(d,1 H,J = 8.0),8.00(d, ! H,J = 7.7), 10.05 (s, br, 1 H); **C
nmr (DMSO-d¢): 14.4, 20.6, 29.0, 58.8, 74.8, 110.9, 115.6, 118.9,
119.4, 123.5, 123.7, 126.9, 129.0, 129.2, 133.8, 144.9, 154.7.

Anal. Caled. for C,H,N,0,; C, 68.67; H, 6.44; N, 14.13.
Found: C, 68.68; H, 6.49; N, 13.92.

1{Benzotriazol-1-yl)-1{o-hydroxyphenyl)}-2-decanol (10c).

This compound was prepared (35%) by quenching with 1-non-
anal, mp 99-100°; 'H nmr: 0.85 (t, 3 H,J = 7.0), 1.17-1.40 (m, 10
H), 1.40-1.70 (m, 4 H), 4.80 (s, br, 1 H), 5.09(q, 1 H),J = 4.5),5.97
(t,1HJ =44),687( 1H,J =74),694(d, 1H,] =80,
7.2:7.4 (m, 5 H), 794 (d, 1 H,J = 7.7), 9.0 (s, br, 1 H), **C nmr:
14.0, 22.6, 25.7, 29.2, 29.4, 29.5, 31.8, 33.3, 63.9, 72.9, 110.5,
117.4,119.3, 120.4, 121.5, 124.5, 127.6, 130.3, 130.9, 133.3, 145.0,
155.0.

Anal. Caled. for C,,H,N,0; C, 71.90; H, 7.95; N, 11.43.
Found: C, 72.10; H, 8.08; N, 11.19.

I

2-(Benzotriazol-1-yl)-2-(o-hydroxyphenyl)-1,1-diphenylethanol
(104).

This compound was prepared (85%) by quenching with benzo-
phenone, mp 221-223°; 'H nmr (DMSO-d¢): 6.51 (s, 1 H),
6.66-6.98 (m, 2 H), 7.0-7.4 (m, 14 H), 7.49 (s, 1 H), 7.61(d,2H,] =
7.6),7.82(d,1H,] = 86),7.89(d,1 H,J = 8.3),808(d,1 H,] =
7.8), 9.89 (s, 1 H); *C nmr (DMSO-d¢): 61.0, 81.2, 111.7, 114.9,
118.5,118.8, 122.3,123.7,125.5, 126.1, 126.6, 126.7, 126.9, 127.7,
129.1, 131.5, 133.4, 144.3, 144.5, 145.9, 155.2.

Anal. Caled. for C,H,N,0,; C, 76.64; H, 5.19; N, 10.31.
Found: C, 76.30; H, 5.17; N, 10.27.

2-(Benzotriazol-1-yl)-2-(o-hydroxyphenyl)-1-phenyl-1-propanol
2.

To a stirred solution of 2{benzotriazol-1-ylmethyl)phenol (9)
{3.39 g, 15 mmoles) in dry THF (90 ml) under nitrogen at —78°
was added n-BuLi (2.5 M in hexane, 6.0 ml, 15 mmoles). The solu-
tion was stirred at —78° for 1 hour, then trimethylsilyl chloride
(1.89 ml, 15 mmoles) was added. The resulting solution was
stirred at —78° for 0.5 hour and at room temperature for 0.5
hour. It was re-cooled to —78° and r-BuLi (2.5 M in hexane, 6.0
ml, 15 mmoles) was added. After stirring at —78° for 2 hours,
methyl iodide (2.13 g, 15 mmoles) was added and the mixture
stirred at —78° for 2 hours and at room temperature for a fur-
ther 2 hours. It was again cooled to —78° and n-BuLi (2.5 M in
hexane, 6.0 ml, 15 mmoles) was added. After stirring at —78° for
2 hours, benzaldehyde (1.61 g, 15 mmoles) was added. The solu-
tion was allowed to warm to room temperature and stirred over-
night. The reaction was worked up similarly to those for the
preparation of compounds 10. The crude product was purified by
trituration with hexane/diethyl ether to give 0.76 g of the pure
product (15%), mp 198-199°; 'H nmr (DMSO-d,): 2.18 (s, 3 H),
3.45 (s, 1 H), 5.92 (s, 1 H), 6.63-7.23 (m, 11 H), 7.88-7.96 (m, 2 H),
9.19 (s, 1 H); *C nmr (DMSO-d¢): 19.4, 69.1, 75.7, 111.4, 116.9,
118.9,119.1, 123.0, 126.0, 127.2, 127.3, 127.5, 128.7, 129.3, 132.6,
140.5, 145.7, 156.0.

Anal. Caled. for C, H ,N,0,; C, 73.03; H, 5.54; N, 12.17.
Found: C, 73.05; H, 5.64; N, 12.05.
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General Procedure for the Preparation of 2-Substituted 14 or 2,3-
Disubstituted benzofurans 13 and 18.

A solution of the appropriate 2{benzotriazol-1-yl)-2-(o-hydroxy-
phenyl)ethanol 10 or 17 (3 mmoles) and a catalytic amount of
p-toluenesulfonic acid in acetic acid (15 ml) was refluxed for 24
hours. The residue obtained after evaporation of acetic acid was
taken into diethyl ether (30 ml) which was washed with saturated
sodium bicarbonate solution (15 ml). The aqueous solution was
extracted with diethyl ether (2 x 20 ml) and the combined extracts
washed with water (20 ml) and dried (magnesium sulfate). Evapo-
ration of the solvent gave the crude product which was passed
through a silica gel column with hexane to give the pure product.

2,3-Diphenylbenzofuran (13).

This compound was obtained (63%) from compound 10d, mp
124-125° (lit [37] mp 121-122°); 'H nmr: 7.20-7.55 (m, 12 H),
7.63-7.66 (m, 2 H); **C nmr: 111.1, 117.5, 120.0, 122.9, 124.7,
126.9,127.6,128.3,128.4, 128.9, 129.7, 130.2, 130.6, 132.8, 150.5,
153.9.

2-Phenylbenzofuran (14a) and 3-Phenylbenzofuran (15).

These two compounds were obtained (52% total yield) by the
general procedure as a mixture of compound 14a and compound
15 with a ratio of 48:52 by gc/ms. The same mixture of compound
14a and compound 15 was obtained in a total yield of 52% with a
ratio of 47:53 according to gc/ms data when compound 10a was
heated with a catalytic amount of p-toluenesulfonic acid in a
closed sample vial at 156° for 22 hours. The mixture has a very
low melting point and appears as a semi-solid, (lit [35] mp
120-121° for compound 14a and lit [38] mp 41-43° for compound
15); 'H nmr: 6.97 (s, 1 H), 7.20-7.65 (m, 15 H), 7.74 (s, 1 H), 7.8-7.9
(m, 3 H); *C nmr: 101.2, 101.3, 111.1, 111.7, 120.4, 120.9, 122.2,
122.89, 122.94, 124.2, 124.5, 124.9, 126.4, 127.4, 127.5, 128.5,
128.7, 128.9, 129.2, 130.4, 132.0, 141.3, 154.9, 155.8, 155.9. Re-
crystallization of the mixture from hexane gave the pure 2-phen-
ylbenzofuran, mp 120-121° (lit [35] mp 120-121°); 'H nmr: 6.98 (s,
1 H), 7.18-7.57 (m, 7 H), 7.83-7.86 (m, 2 H); *C nmr; 101.25
(101.29), 111.1, 120.9, 122.9, 124.2, 124.9, 128.5, 128.7, 129.1,
130.4, 154.9, 155.9. The filtrate from the recrystallization was
concentrated to give again a mixture of compound 14a and com-
pound 15 as indicated by the nmr spectra.

2-Isopropylbenzofuran (14b).

This compound was obtained (37%) from compound 10b as an
oil (lit [32] bp 104-105°/15 mm); 'H nmr: 1.32(d, 6 H, ] = 3.6),
3.02-3.04 (m, 1 H), 6.32 (s, 1 H), 7.14-7.18 (m, 2 H), 7.38-7.41 {(m, 2
H); *C nmr: 20.9, 28.2, 99.7, 110.7, 120.3, 122.3, 123.0, 128.9,
154.6, 164.9.

2-Octylbenzofuran (14c).

This compound was obtained (32%) from compound 10c as an
oil; 'H nmr: 0.87 (1, 3 H, ] = 6.6), 1.26-1.35 (m, 10 H), 1.69-1.74
(m, 2 H), 2.72 (, 2 H, ] = 7.5), 6.33 (s, 1 H), 7.13-7.17 (m, 2 H),
7.37-7.46 (m, 2 H); *C nmr: 14.1, 22.7,27.7, 28.4, 29.2, 29.3, 31.8,
101.7, 110.6, 120.1, 122.3, 123.0, 129.0, 154.6, 159.7.

Anal. Caled. for C, H,,0: C, 83.43; H, 9.63. Found: C, 83.25; H,
9.61.

2-Phenyl-3-methylbenzofuran (18).

This compound was obtained (55%) from compound 17 as an
oil (lit [35] mp 34-34.5°); *H nmr: 2.38 (s, 3 H), 7.21-7.45 (m, 7 H),
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7.75-7.78 (m, 2 H); *C nmr: 9.36,110.8,111.2,119.2, 122.3, 124.2,
126.6, 127.7, 128.5, 131.1, 131.3, 150.3, 153.9.
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