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Abstract: Diverse hydroxyarenecarboxylic acids afford stable N-
(hydroxyaroyl)benzotriazoles that react with heteroaryl, alkyl, and
aryl Grignard or lithium reagents to give the corresponding hy-
droxyaryl ketones in 51-94% yields.
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Hydroxyaryl ketones! are precursors for the synthesis of
biologically active chalcones,? flavones,? isoflavones,*
and xanthones.’ Aryl o-hydroxyaryl ketones exhibit
protein kinase B inhibitor,® cyclin-dependent kinase in-
hibitor,” and cysteine protease modulator activities.® Aryl
hydroxyaryl ketone moieties occur in natural products
such as cotoin,” balanol,!° and daunorubicin.!! Many
aryl hydroxyaryl ketones including dioxybenzone,'?
mexenone,”?  oxybenzone,'* benzophenone-6," and
benzoresorcinol'® are used as ultraviolet screens.

The conventional Friedel-Crafts acylation of phenols and
naphthols with acid chlorides in the presence of Lewis
acid catalysts>!7 and Fries-type rearrangement of suitable
aryl esters,'® which are both frequently used for the prep-
aration of hydroxyaryl ketones, are often unselective in
that ortho- and para-acylation of phenols and naphthols
result leading to mixture of products. Moreover, acid
chlorides are sensitive to moisture and hence they are dif-
ficult to handle.'® Alternative, less frequently used, syn-
theses of hydroxyaryl ketones include (i) palladium-
catalyzed coupling of o-hydroxyaryl aldehydes with hy-
pervalent iodonium salts?®® and (ii) intramolecular acyl
radical [1,6]-ipso-substitution reactions.?!

N-Acylbenzotriazoles are easily prepared activated deriv-
atives of carboxylic acids.?? Applications of N-acylbenzo-
triazoles include: (i) N-acylation of amines,?® amides,?>?*
and sulfonamides,? (ii) O-acylation of aldehydes,?® ste-
roids,?” hydroxyterpenes and alcohols,?® (iii) many C-acy-
lations of, for example, pyrroles and indoles,” ketones
and heteroaromatics,*® alkyl sulfones,?' alkyl cyanides,*
alkyl azines,*® o-nitroalkanes,* furan and thiophene;*
syntheses of (iv) peptides,*® (v) oxazolines,?’ (vi) esters,*8
(vii) benzodioxin-4-ones,?® (viii) ketones,* (ix) benzo-
diazepin-2-ones,*' (x) thiol esters,** (xi) alcohols,* (xii)
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acyl azides and hydrazides,** (xiii) heteroaromatics,* and
(xiv) heterocycles.*®

Our approach to a general method for the synthesis of a
variety of ketones involved the use of N-acylbenzotri-
azoles as stable alternatives to the corresponding acid
chlorides. We now report the synthesis of aliphatic or
(hetero)aryl hydroxyaryl ketones in good yields from eas-
ily accessible N-(hydroxylacyl)benzotriazoles 2a—d with
Grignard reagents 3a,b or lithiums reagents 4c—f without
any side reactions.

N-(Hydroxyaroyl)benzotriazoles 2a-d (Figure 1) were
readily prepared from benzotriazole (BtH) and the
corresponding carboxylic acids 1a-d in 72-84% yields
according to a literature procedure.’®* N-(Hydroxy-
aroyl)benzotriazoles 2a—d were previously isolated and
utilized for the direct synthesis of esters and amides.*%*

HO Me HO X HO
(0] (0] OH O
Br
1a (X = OH)
2a (X = Bt)

1b (X = OH)
2b (X = Bt)

1¢ (X = OH)
2¢ (X = BY)

1d (X = OH)
2d (X = Bt)

Figure 1 Carboxylic acids 1a—d and N-acylbenzotriazoles 2a—d
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/
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3a 3b 4c 4d de 4f

Figure 2 Grignard reagents 3a,b and organolithium reagents 4c—f

Grignard and organolithium reagents were freshly pre-
pared in tetrahydrofuran immediately before use
(Figure 2). Reaction of 2-(1H-benzotriazol-1-ylcarbon-
yl)-6-methylphenol (2a, 1 mmol) with freshly prepared 4-
tolylmagnesium bromide (3a, 2.2 mmol) at 25 °C for four
hours gave the corresponding (2-hydroxy-3-methylphe-
nyl)(4-tolyl)methanone (Saa) in 74% yield (Table 1). The
"H NMR spectra of Saa showed the disappearance of the
benzotriazolyl signals in the aromatic region, indicating
the loss of the benzotriazolyl group during the reaction.

Downloaded by: University of lllinois at Chicago. Copyrighted material.



3142

A. R. Katritzky et al.

PAPER

Table 1 Addition of Grignard Reagents 3a,b and Organolithium 4c—f to N-(Hydroxylacyl)benzotriazoles 2a—d

Entry R!ICOBt R*M Temp (°C) Time (h)  Product Yield* (%) Mp (°C)
O OH
1 2a 3a 25 4 Me Saa 74 62-63
Me
O OH
2 2a 3b 25 2 Me\/\/\)J\(j/Me 5ab 53 oil
(o] OH
3 2b 3a 25 4 O O 5ba 66 85-87
Me
Br
(o] OH
4 2d 3a 65 12 O OO 5da 63 111-112
Me
(@] OH
5 2d 3b 25 5 Me 5db 70 53-54
O OH
6 2a 4c 78 0.5 Me\/\)‘\(j/l\/le Sac 94 oil
(o] OH
Me
7 2a de 78 0.5 y O Sae 86 98-100
(@] OH
8 2b de 78 0.5 Vi O 5be 88 84-86
I Br
(@] OH
9 2d de 78 05 = OO Sde 90 110-111
(o] OH
10 2d af 78 0.5 ~ sdf 61 153-155
atiee
O OH
S
11 2¢ 4d -78 0.5 Vo Scd 72 104-105

2 Isolated yields after column purification and determined from a single experiment.
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The '*C NMR spectra of 5aa showed a signal at § = 201.5
corresponding to the carbonyl group of the product and
the disappearance of the signal at & = 168.8 belonging to
the carbonyl group at the a-position of the benzotriazolyl
group in the starting material. We then explored reactions
of N-(hydroxyaroyl)benzotriazoles 2a—d (Figure 1) with a
range of Grignard 3a,b and organolithium reagents 4c—f
(Figure 2) to test the generality of this method. The results
are displayed in Table 1.

Tertiary alcohols were not obtained as side products in the
reaction even in the presence of excess organometallic re-
agent; tetrahedral intermediate 6 probably explains the
preferential formation of ketones over tertiary alcohols
(Scheme 1). The effective chelation of metal ion between
carbonyl oxygen and nitrogen of the benzotriazole moiety
would prevent the collapse of the tetrahedral intermediate
6 until the aqueous acidic work-up.

%

Scheme 1

OHoM OH O

Reaction of N-(hydroxyaroyl)benzotriazoles 2a-d with
Grignard reagents 3a,b at 25-65 °C for 2—12 hours gave
the corresponding ketones Saa—db in 53-74% yields.

Reaction of 2a—d with organolithium reagents 4c—f at —78
°C for 30 minutes gave the corresponding ketones Sac—dd
in 61-94% yield.

Three of the ketones Sdb, 5ac, and Sbhe were reported pre-
viously and prepared by other methods. 1-(1-Hydroxy-2-
naphthyl)heptan-1-one (5db) has been prepared both by
the condensation of 1-naphthol and heptanoic acid in the
presence of zinc chloride in 50% yield*’ and also from 1-
naphthol and heptanoyl chloride in presence of zinc chlo-
ride in nitrobenzene in 40% yield.*® Our method provided
a higher yield of Sdb (70%) and avoids hygroscopic zinc
chloride and toxic nitrobenzene. 1-(2-Hydroxy-3-meth-
ylphenyl)pentan-1-one (5ac) was prepared by Fries-type
rearrangement of the corresponding ester with alumi-
num(III) chloride in 46% yield;* our method gave Sac in
94% yield and is more convenient. 1-(5-Bromo-2-hydro-
xyphenyl)-3-phenylprop-2-yn-1-one (Sbe) was previous-
ly prepared in 89% yield from phenylethynylmagnesium
bromide and 2-hydroxybenzaldehyde in four hours fol-
lowed by oxidation with y-manganese(IV) oxide over a
further four hours.”® Our reaction gave the same yield
(88%) of 5be but took only 30 minutes to reach com-
pletion.

In conclusion, convenient route has been developed for
the preparation of various hydroxyaryl ketones, most of
which are not easily accessible by previous methods.

Melting points are uncorrected. 'H NMR and '3C NMR spectra
were recorded on a FT-Bruker AT-300 instrument using TMS as an
internal standard and CDCl, as solvent. Compounds were character-
ized by elemental analysis using a Carlo-Erba EA1112 instrument.

N-(Hydroxyaroyl)benzotriazoles 2a—d; General Procedure
Hydroxy acid 1a-d (10 mmol) was placed in a 100-mL Schlenk
flask and anhyd CH,Cl, (20 mL) was added. Benzotriazole (3.63 g,
30.5 mmol) and CH,Cl, (20 mL) was added followed by SOCI,
(0.77 mL, 10.5 mmol). The solid precipitate was difficult to stir and
so was shaken in a New Brunswick Scientific apparatus at 40 speed
at r.t. overnight. The white precipitate was filtered and the filtrate
was evaporated under reduced pressure to give the crude product,
which was washed with anhyd Et,O to obtain pure 2a—d as yellow
microcrystals.

2-(1H-Benzotriazol-1-ylcarbonyl)-6-methylphenol (2a)
Yellow crystals; yield: 72%; mp 124-126 °C (Lit.3%¢ 124-126 °C).

'HNMR (300 MHz, CDCL,): § = 11.04 (s, 1 H), 8.41 (d, J = 8.4 Hz,
1 H),8.32(d, J=82Hz, 1 H), 8.19 (d, J=8.2 Hz, 1 H), 7.72 (t,
J=7.7Hz, 1 H),7.56 (t,J=7.7Hz, 1 H), 7.48 (d, J = 7.3 Hz, 1 H),
6.96 (t, J = 7.8 Hz, 1 H), 2.35 (s, 3 H).

13C NMR (75 MHz, CDCly): § = 169.9, 162.3, 145.7, 138.2, 132.7,
131.6, 130.7, 127.6, 126.6, 120.6, 119.2, 115.1, 113.0, 16.2.

2-(1H-Benzotriazol-1-ylcarbonyl)-4-bromophenol (2b)
Yellow crystals; yield: 82%; mp 108—109 °C (Lit.3%¢ 108-109 °C).

'HNMR (300 MHz, CDCL,): § = 10.53 (s, 1 H), 8.71 (d, J = 2.5 Hz,
1 H), 821 (d, J=8.4 Hz, 1 H), 8.11 (d, J= 8.2 Hz, 1 H), 7.64 (td,
J=7.3Hz, 1.0 Hz, 1 H), 7.58 (dd, J=9.1, 2.4 Hz, 1 H), 7.49 (td,
J=82Hz, 1.0 Hz, 1 H), 6.94 (d, J = 8.9 Hz, 1 H).

13C NMR (75 MHz, CDCl,): § = 168.3, 162.7, 145.6, 140.0, 135.9,
132.4,131.1, 127.0, 120.7, 120.5, 115.1, 115.0, 111.6.

3-(1H-Benzotriazol-1-ylcarbonyl)-2-naphthol (2¢)
Yellow crystals; yield: 80%; mp 157-158 °C (Lit.>%¢ 157-158 °C).

'H NMR (300 MHz, CDCL,): & =9.95 (s, 1 H), 9.14 (s, 1 H), 8.35
(d,J=8.4Hz, 1H),820(d,J=82Hz 1 H),7.89 (d, /= 8.2 Hz, 1
H), 7.76-7.70 (m, 2 H), 7.60-7.53 (m, 2 H), 7.43 (s, 1 H), 7.36 (td,
J=8.0,0.8 Hz, 1 H).

BC NMR (75 MHz, CDCly): § = 169.2, 156.8, 145.7, 138.2, 137.9,
132.7,130.9, 130.6, 130.4, 127.3, 126.9, 126.4, 124.7, 120.6, 115.6,
1152, 112.7.

2-(1H-Benzotriazol-1-ylcarbonyl)-1-naphthol (2d)
Yellow crystals; yield: 84%; mp 153-155 °C (Lit.3%¢ 150-151 °C).

'HNMR (300 MHz, CDCL,): § = 12.57 (s, 1 H), 8.57 (d, J = 9.3 Hz,
1 H), 8.51 (d, J=8.3 Hz, 1 H), 8.34 (d, J=8.3 Hz, 1 H), 8.18 (d,
J=83 Hz, 1 H), 7.80 (d, J=8.1 Hz, 1 H), 7.73-7.65 (m, 2 H),
7.59-7.52 (m, 2 H), 7.39 (d, J = 9.0 Hz, 1 H).

13C NMR (75 MHz, CDCl,): § = 170.0, 165.2, 145.6, 137.7, 132.8,
131.2,130.6, 127.6, 127.0, 126.6, 126.4, 125.0, 124.7, 120.5, 119.2,
115.2, 107.0.

Aliphatic or (Hetero)aryl Hydroxyaryl Ketones 5; General Pro-
cedure

To a stirred soln of N-acylbenzotriazole 2a—d (1 mmol) in anhyd
THF (5 mL) under N,, a freshly prepared soln of Grignard reagents
3a,b or organolithium reagents 4c—f in THF (2.2 mmol) was added
dropwise at the appropriate temperature. The mixture was stirred
until complete reaction (followed by TLC) and then quenched by
addition of sat. NH,CI soln. After extraction (EtOAc), the organic
layer was washed with brine and H,0O, dried (anhyd MgSO,), and
concentrated under reduced pressure. The crude product was then
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purified by column chromatography (silica gel) with the appropriate
eluent to give hydroxy ketones Saa—dd.

(2-Hydroxy-3-methylphenyl)(4-tolyl)methanone (5aa)
Eluent: hexanes—EtOAc (10:1); yellow crystals; yield: 74%;
mp 62-63 °C (Lit.* 62-63 °C).

'H NMR (300 MHz, CDCl,): § =7.59 (d, J = 8.0 Hz, 2 H), 7.45 (d,
J=8.0Hz,1H),7.36(d,J=8.0Hz, 1 H),7.30(d,J=8.0Hz,2 H),
6.78 (t, J=8.0 Hz, 1 H), 2.45 (s, 3 H), 2.32 (s, 3 H).

13C NMR (75 MHz, CDCl,): § = 201.5, 161.4, 142.5, 136.8, 135.3,
131.1, 1294, 128.9, 127.2, 118.4, 117.8, 21.5, 15.5.

1-(2-Hydroxy-3-methylphenyl)heptan-1-one (5ab)
Eluent: hexanes—Et,O (100:5); colorless oil; yield: 53%.

'HNMR (300 MHz, CDCL,): § = 11.12 (s, 1 H), 7.70 (d, J = 8.1 Hz,
1 H), 7.31 (d, J=7.2 Hz, | H), 6.78 (t, J=7.7 Hz, 1 H), 4.33 (¢,
J=6.6Hz,2H),2.26 (s, 3 H), 1.79-1.69 (m, 2 H), 1.46-1.29 (m, 6
H), 0. 92 (t, J = Hz, 3 H).

BC NMR (75 MHz, CDCly): § = 207.2, 161.0, 136.9, 127.5, 127.3,
118.4,111.9, 65.4, 38.4, 31.6, 29.0, 24.6, 22.5, 14.0.

HRMS-FAB: m/z [M + HJ* caled for C,,H,,0,: 221.153; found:
221.151.

(5-Bromo-2-hydroxyphenyl)(4-tolyl)methanone (5ba)
Eluent: hexanes—Et,0 (10:1); white crystals; yield: 66%; mp 85-87
°C.

'HNMR (300 MHz, CDCL,): § = 10.49 (s, 1 H), 8.18 (d, J = 2.4 Hz,
1 H), 7.60 (dd, J = 9.0, 2.7 Hz, 1 H), 7.25 (d, J = 8.7 Hz, 2 H), 7.08
(d,J=8.7Hz, 2 H), 6.94 (d, J = 9.0 Hz, 1 H), 2.39 (s, 3 H).

BC NMR (75 MHz, CDCly): § = 168.1, 161.1, 147.6, 139.1, 136.4,
132.5,130.2,121.1, 119.8, 113.4, 111.1, 20.9.

Anal. Calcd for C,,H,,BrO,: C, 57.76; H, 3.81. Found: C, 57.38; H,
3.97.

(1-Hydroxy-2-naphthyl)(4-tolyl) methanone (5da)
Eluent: hexanes—-EtOAc (12:1); white crystals; yield: 63%;
mp 111-112 °C.

'HNMR (300 MHz, CDCL,): § = 11.78 (s, 1 H), 8.44 (d, J = 8.1 Hz,
1 H), 7.98 (d, J= 8.8 Hz, 1 H), 7.81 (d, /= 8.0 Hz, 1 H), 7.65 (td,
J=8.0Hz, 1.2 Hz, 1 H), 7.53 (td, J = 8.0 Hz, 1.2 Hz, 1 H), 7.37 (d,
J=8.8Hz, 1H),7.36(d,J= 8.8 Hz, 2 H), 7.14 (d, J = 8.8 Hz, 2 H),
2.40 (s, 3 H).

13C NMR (75 MHz, CDCl,): § = 170.1, 161.8, 148.0, 137.5, 136.1,
130.1,129.8,127.5, 125.9,124.7,124.3, 124.0, 121.4, 118.9, 105.1,
20.9.

HRMS-FAB: m/z [M + HJ* calcd for C,4H,50,: 263.106; found:
263.104.

1-(1-Hydroxy-2-naphthyl)heptan-1-one (5db)
Eluent: hexanes—Et,O (15:1); white crystals; yield: 70%; mp 53-54
°C (Lit.*® 52 °C).

'H NMR (300 MHz, CDCL,): & = 8.46 (d, J = 8.2 Hz, 1 H), 7.75 (d,
J=8.0Hz, 1 H),7.67(d,J=9.0Hz 1 H),7.62(td,J=8.1, 1.2 Hz,
1 H),7.53(d, td,J=8.1, 1.2 Hz, 1 H), 7.26 (d, J = 9.0 Hz, 1 H), 3.05
(t,J=7.2 Hz, 2 H), 1.79 (quintet, J = 7.5 Hz, 2 H), 1.46-1.31 (m, 6
H), 0.91 (t, J = 6.9 Hz, 3 H).

3C NMR (75 MHz, CDCly): § = 206.8, 162.6, 137.2, 129.9, 127.3,
125.9, 1254, 124.4, 1244, 118.2, 112.8, 38.7, 31.6, 29.0, 24.7,
22.5,14.1.

1-(2-Hydroxy-3-methylphenyl)pentan-1-one (5ac)*
Eluent: hexanes—Et,O (12:1); colorless oil; yield: 94%.
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'HNMR (300 MHz, CDCl,): 6 = 11.11 (s, 1 H), 7.69 (d, J = 8.0 Hz,
1 H), 7.31 (d, J=7.2 Hz, 1 H), 6.77 (t, J=8.0 Hz, 1 H), 4.34 (t,
J=6.6 Hz, 2 H), 2.26 (s, 3 H), 1.76 (quintet, J = 6.8 Hz, 2 H), 1.50
(sextet, J=7.3 Hz, 2 H), 0.98 (t, J = 7.4 Hz, 3 H).

3C NMR (75 MHz, CDCl5): § = 170.7, 160.1, 136.3, 127.3, 126.5,
118.4,111.9,65.1, 30.6, 19.2, 15.6, 13.7.

1-(2-Hydroxy-3-methylphenyl)-3-phenylprop-2-yn-1-one (5ae)
Eluent: hexanes—EtOAc (4:1); yellow crystals; yield: 86%; mp 98—
100 °C.

'HNMR (300 MHz, CDCL,): § = 12.04 (s, 1 H), 7.99 (d, J = 7.0 Hz,
1 H), 7.71-7.68 (m, 2 H), 7.50 (d, J = 7.0 Hz, 1 H), 7.49-7.39 (m, 3
H), 6.89 (t, J = 7.7 Hz, 1 H), 2.29 (s, 3 H).

BC NMR (75 MHz, CDCly): § = 182.4, 161.3, 137.9, 133.1, 131.1,
130.6, 128.7, 127.2, 120.1, 119.8, 118.8, 95.7, 85.9, 15.3.

Anal. Calcd for C,¢H,,0,: C, 81.34; H, 5.12. Found: C, 81.43; H,
5.12.

1-(5-Bromo-2-hydroxyphenyl)-3-phenylprop-2-yn-1-one (Sbe)
Eluent: hexanes—EtOAc (10:1); yellow crystals; yield: 88%;
mp 84-86 °C (Lit.>* 84-85 °C).

'HNMR (300 MHz, CDCL,): § = 11.69 (s, 1 H), 8.20 (d, J = 1.4 Hz,
1 H), 7.72-7.70 (m, 2 H), 7.61-7.43 (m, 4 H), 6.92 (d, J = 7.4, Hz 1
H).

13C NMR (75 MHz, CDClLy): § = 181.1, 161.7, 139.7, 134.9, 133.3,
131.5,128.8,121.9, 120.2, 119.2, 110.9, 97.1, 85.3.

1-(1-Hydroxy-2-naphthyl)-3-phenylprop-2-yn-1-one (5de)
Eluent: hexanes—Et,O (10:1); yellow crystals; yield: 90%; mp 110—
111 °C.

'H NMR (300 MHz, CDCL,): & = 8.48 (d, J = 8.2 Hz, 1 H), 8.02 (d,
J=8.8Hz, 1 H),7.79 (d,J = 8.1 Hz, 1 H), 7.75-7.72 (m, 2 H), 7.67
(td, J = 6.9, 1.2 Hz, 1 H), 7.58-7.43 (m, 4 H), 7.34 (d, J = 8.9 Hz, 1
H).

BC NMR (75 MHz, CDCl,): § = 181.6, 163.4, 137.5, 133.3, 131.0,
130.5, 128.6, 127.5, 126.2,126.0, 124.7, 124.4, 119.7, 118.8, 114.6,
96.6, 86.0.

Anal. Calcd for C,(H,,0,: C, 83.80; H, 4.44. Found: C, 83.61; H,
4.18.

(1-Hydroxy-2-naphthyl)(1H-indol-2-yl)methanone (5df)
Eluent: hexanes—Et,0 (10:1); yellow crystals; yield: 61%; mp 153—
155 °C.

'H NMR (300 MHz, CDCLy): § = 11.65 (br s, 1 H), 8.48 (d, J = 8.4
Hz, 1 H), 8.24 (d, J=8.1 Hz, 1 H), 7.80 (d, J = 7.8 Hz, 1 H), 7.68—
7.51 (m, 5 H), 7.41-7.31 (m, 3 H), 6.69 (d, J = 3.6 Hz, 1 H).

13C NMR (75 MHz, CDCly): § = 171.5, 161.8, 136.6, 136.0, 130.5,
130.0, 127.8, 127.5,126.2,125.5, 125.1, 124.7, 124.1, 123.9, 121.0,
118.5,115.9, 108.8, 108.3.

Anal. Calcd for C(H3NO,: C, 79.43; H, 4.56; N, 4.87. Found: C,
79.20; H, 4.78; N, 4.57.

(3-Hydroxy-2-naphthyl)(2-thienyl)methanone (5cd)

Eluent: hexanes—Et,0 (10:1); dark green crystals; yield: 72%;
mp 104-105 °C.

'H NMR (300 MHz, CDCl,): 6 = 10.61 (br s, 1 H), 8.49 (s, 1 H),
7.84-7.80 (m, 3 H), 7.72 (d, J=8.3 Hz, 1 H), 7.54 (t, J=7.6 Hz, 1
H), 7.38-7.33 (m, 2 H), 7.27-7.24 (m 1 H).

3C NMR (75 MHz, CDCly): § = 191.3, 156.5, 143.3, 142.5, 137.6,
135.2,134.6,129.6, 129.4,128.1, 126.9, 126.3, 124.2, 121.6, 112.4.

Anal. Calcd for C,sH,,0,S: C, 70.84; H, 3.96. Found: C, 70.44; H,
4.38.

Downloaded by: University of lllinois at Chicago. Copyrighted material.



PAPER

Aliphatic or (Hetero)aryl Hydroxyaryl Ketones

3145

Acknowledgment

We thank Dr. C. D. Hall for checking the manuscript.

References

6]
@

3
C)

&)
(6)

@)
®)

)

10)
(1)
12)
13)
(14)
s)
16)

an

18)

19)

(20)
@n

(22)

Kotali, A.; Harris, P. A. Org. Prep. Proced. Int. 1994, 26,
159.

(a) Smith, J.; Thomson, R. H. J. Chem. Soc. 1960, 346.

(b) Choudary, B. M.; Ranganath, K. V. S.; Yadav, J.;
Kantam, M. L. Tetrahedron Lett. 2005, 46, 1369.

Dao, T. T.; Chi, Y. S.; Kim, H. P.; Kim, S.; Park, H. Bioorg.
Med. Chem. Lett. 2004, 14, 1165.

Pinkey; Jain, P. K.; Grover, S. K. Gazz. Chim. Ital. 1984,
114, 355.

Zhang, L.; Zhang, J. Y. J. Comb. Chem. 2006, 8, 361.
Breitenlechner, C. B.; Friebe, W.-G.; Brunet, E.; Werner, G.;
Graul, K.; Thomas, U.; Kunkele, K.-P.; Schafer, W.; Gassel,
M.; Bossemeyer, D.; Huber, R.; Engh, R. A.; Masjost, B. J.
Med. Chem. 2005, 48, 163.

Takada, Y.; Aggarwal, B. B. J. Biol. Chem. 2004, 279, 4750.

Arad, D.; Elias, Y. W0 9,930,699, 1999; Chem. Abstr. 1999,
131, 58409.

Merza, J.; Aumond, M.-C.; Rondeau, D.; Dumontet, V.; Le
Ray, A.-M.; Seraphin, D.; Richomme, P. Phytochemistry
2004, 65, 2915.

Denieul, M. P.; Laursen, B.; Hazell, R.; Skrydstrup, T. J.
Org. Chem. 2000, 65, 6052.

Zhu, L.; Cao, X.; Chen, W.; Zhang, G.; Sun, D.; Wang, P. G.
Bioorg. Med. Chem. 2008, 13, 6381.

Stiefel, C. W. US 2006,239,944, 2006; Chem. Abstr. 2006,
145, 460503.

Deckner, G.E. US 4,781,914,1988; Chem. Abstr. 1988, 111,
120630.

Patel, M.; Jain, S. K.; Yadav, A. K.; Gogna, D.; Agrawal, G.
P. Drug Delivery 2006, 13, 323.

Harichian, B.; Rosa, J. G.; Bajor, J. S. US 2006,210,497,
2006; Chem. Abstr. 2006, 145, 362872.

Tamarkin, D.; Friedman, D.; Eini, M. US 2006,193,789,
2006; Chem. Abstr. 2006, 145, 298800.

(a) Naeimi, H.; Moradi, L. Catal. Commun. 2006, 7, 1067.
(b) Naeimi, H.; Moradi, L. J. Mol. Catal. A: Chem. 2006,
256, 242. (c) Dehmlow, H.; Aebi, J. D.; Jolidon, S.; Ji,
Y.-H.; von der Mark, E. M.; Himber, J.; Morand, O. H.

J. Med. Chem. 2003, 46, 3354. (d) Bensari, A.; Zaveri, N. T.
Synthesis 2003, 267. (e) Piccolo, O.; Filippini, L.; Tinucci,
L.; Valoti, E.; Citterio, A. Tetrahedron 1986, 42, 885.

(a) Ollevier, T.; Desyroy, V.; Asim, M.; Brochu, M.-C.
Synlett 2004, 2794. (b) Rozenberg, V.; Danilova, T.;
Sergeeva, E.; Vorontzov, E.; Starikova, Z.; Lysenko, K.;
Belokon, Y. Eur. J. Org. Chem. 2000, 3295. (c) Sharghi,
H.; Kaboudin, B. J. Chem. Res., Synop. 1998, 628.

(d) Kobayashi, S.; Moriwaki, M.; Hachiya, 1. Bull. Chem.
Soc. Jpn. 1997, 70, 267. (e) Harroweven, D. C.; Dainty, R.
F. Tetrahedron Lett. 1996, 37, 7659. (f) Martin, R. Org.
Prep. Proced. Int. 1992, 24, 369.

Aldabbagh, F. Comprehensive Organic Functional Group
Transformations I, Vol. 5; Katritzky, A. R.; Taylor,R.J. K.,
Eds.; Elsevier: Oxford, 2005, 1.

Xia, M.; Chen, Z. Synth. Commun. 2000, 30, 531.
Motherwell, W. B.; Vazqez, S. Tetrahedron Lett. 2000, 41,
9667.

(a) Katritzky, A. R.; Suzuki, K.; Wang, Z. Synlett 2005,
1656. (b) Katritzky, A. R.; Zhang, Y.; Singh, S. K. Synthesis
2003, 2795. (c) Katritzky, A. R.; Meher, N. K.; Cai, C,;
Singh, S. K. Rev. Soc. Quim. Mex. 2004, 48, 275.

(23)

(24)
(25)
(26)
@n

(28)
(29)

(30)

(3D
(32)
(33)
(34)
(35)

(36)

(37N
(33)
(39)

(40)

(41
42)

(43)
(44)

(45)

Synthesis 2007, No. 20, 3141-3146 © Thieme Stuttgart - New York

(a) Katritzky, A. R.; He, H.-Y.; Suzuki, K. J. Org. Chem.
2000, 65, 8210. (b) Katritzky, A. R.; Yang, H.; Zhang, S.;
Wang, M. ARKIVOC 2002, (xi), 39. (c) Katritzky, A. R.;
Rogovoy, B. V.; Kirichenko, N.; Vvedensky, V. Bioorg.
Med. Chem. Lett. 2002, 12, 1809.

Katritzky, A. R.; Yang, H.; Zhang, S.; Wang, M. ARKIVOC
2002, (xi), 39.

Katritzky, A. R.; Hoffmann, S.; Suzuki, K. ARKIVOC 2004,
(xii), 14.

Katritzky, A. R.; Pastor, A.; Voronkov, M. V. J. Heterocycl.
Chem. 1999, 36, 777.

Katritzky, A. R.; Angrish, P. Steroids 2006, 71, 660.
Katritzky, A. R.; Angrish, P. Synthesis 2006, 4135.

(a) Katritzky, A. R.; Suzuki, K.; Singh, S. K.; He, H.-Y. J.
Org. Chem. 2003, 68, 5720. (b) Zou, X.; Wang, X.; Cheng,
C.; Kong, L.; Mao, H. Tetrahedron Lett. 2006, 47, 3767.
(a) Katritzky, A. R.; Pastor, A. J. Org. Chem. 2000, 65,
3679. (b) Katritzky, A. R.; Jiang, R.; Suzuki, K. J. Org.
Chem. 2005, 70, 4993. (c) Katritzky, A. R.; Meher, N. K.;
Singh, S. K. J. Org. Chem. 2005, 70, 7792.

Katritzky, A. R.; Abdel-Fattah, A. A. A.; Wang, M. J. Org.
Chem. 2003, 68, 1443.

Katritzky, A. R.; Abdel-Fattah, A. A. A.; Wang, M. J. Org.
Chem. 2003, 68, 4932.

Katritzky, A. R.; Abdel-Fattah, A. A. A.; Akhmedova, R. G.
ARKIVOC 2005, (vi), 329.

Katritzky, A. R.; Abdel-Fattah, A. A. A.; Gromova, A. V.;
Witek, R.; Steel, P. J. J. Org. Chem. 2005, 70, 9211.
Katritzky, A. R.; Suzuki, K.; Singh, S. K. Croat. Chem. Acta
2004, 77, 175.

(a) Katritzky, A. R.; Suzuki, K.; Singh, S. K. Synthesis 2004,
2645. (b) Katritzky, A. R.; Angrish, P.; Hiir, D.; Suzuki, K.
Synthesis 2005, 397. (c) Katritzky, A. R.; Angrish, P.;
Suzuki, K. Synthesis 2006, 411. (d) Katritzky, A. R.;
Todadze, E.; Cusido, J.; Angrish, P.; Shestopalov, A. A.
Chem. Biol. Drug Des. 2006, 68, 37. (e) Katritzky, A. R.;
Todadze, E.; Shestopalov, A. A.; Cusido, J.; Angrish, P.
Chem. Biol. Drug Des. 2006, 68, 42. (f) Katritzky, A. R.;
Meher, G.; Angrish, P. Chem. Biol. Drug Des. 2006, 68,
326. (g) Katritzky, A. R.; Tao, H.; Jiang, R.; Suzuki, K.;
Kirichenko, K. J. Org. Chem. 2007, 72, 407. (h) Katritzky,
A. R.; Mohapatra, P. P.; Fedoseyenko, D.; Duncton, M.;
Steel, P. J. J. Org. Chem. 2007, 72, 4268. (i) Katritzky, A.
R.; Angrish, P.; Narindoshvili, T. Bioconjugate Chem. 2007,
18, 994. (j) Katritzky, A. R.; Todadze, E.; Angrish, P.;
Draghici, B. J. Org. Chem. 2007, 72, 5794.

Katritzky, A. R.; Cai, C.; Suzuki, K.; Singh, S. K. J. Org.
Chem. 2004, 69, 811.

Katritzky, A. R.; Singh, S. K.; Cai, C.; Bobrov, S. J. Org.
Chem. 2006, 71, 3364.

Katritzky, A. R.; Singh, S. K.; Akhmedova, R.; Cai, C.;
Bobrov, S. ARKIVOC 2007, (vi), 6.

(a) Katritzky, A. R.; Le, K. N. B.; Khelashvili, L.;
Mohapatra, P. P. J. Org. Chem. 2006, 71, 9861. (b) Wang,
X.; Zhang, Y. Tetrahedron 2003, 59, 4201. (c) Wang, X.;
Zhang, Y. Tetrahedron Lett. 2002, 43, 5431.

Wang, X.; Zou, X.; Li, J.; Hu, Q. Synlett 2005, 3042.

(a) Wang, X.; Zou, X.; Du, J. J. Chem. Res. 2006, 64.

(b) Katritzky, A. R.; Shestopalov, A. A.; Suzuki, K.
Synthesis 2004, 1806.

Singh, K. N.; Kaur, A. Synth. Commun. 2005, 35, 2935.

(a) Katritzky, A. R.; Widyan, K.; Kirichenko, K. J. Org.
Chem. 2007, 72, 5802. (b) Katritzky, A. R.; Wang, M.;
Zhang, S. ARKIVOC 2001, (ix), 19.

Katritzky, A. R.; Huang, T.-B.; Voronkov, M. V_; Steel, P. J.
J. Org. Chem. 2000, 65, 8069.

Downloaded by: University of lllinois at Chicago. Copyrighted material.



3146 A. R. Katritzky et al.

PAPER

(46) Katritzky, A. R.; Singh, S. K.; Bobrov, S. J. Org. Chem.
2004, 69, 9313.

(47) Burmistrov, S. L; Belykh, V. S.; Dovgalyuk, N. V. Zh. Khim.

1978, 7Zh228; Chem. Abstr. 1978, 89, 43232.
(48) Jorand, J. Oleagineux 1960, 15, 183.

Synthesis 2007, No. 20, 3141-3146 © Thieme Stuttgart - New York

(49) Coulthard, C. E.; Marshall, J.; Payman, F. L. J. Chem. Soc.
1930, 280.

(50) Korshunov, S. P.; Korzhova, N. V.; Kazantseva, V. M.;
Krasnov, V. L.; Utekhina, N. V.; Bodrikov, L. V. Zh. Org.
Khim. 1986, 22, 1847.

Downloaded by: University of lllinois at Chicago. Copyrighted material.



