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A Facile and Efficient Synthesis of (o-Hydroxyaryl)-
glycolic Acid Derivatives'

A. Crrrer1I0*, M. GANDOLF

Dipartimento di Chimica del Politecnico, Piazza L. da Vinei 32,
1-20133 Milano, [taly

0. Piccoro*, L. Fiupeping, L. TiNnuccr, E. VaLoml

Blaschim S.p.A., Via Risorgimento 10, I-20050 Peregallo di Lesmo,
Ttaly

Itis well known that a mixture of products can be obtained in
the reaction of phenols with carbonyl derivatives under aci-
dic conditions, and the aromatic substitution generally

occurs in the para position to the phenolic oxygen atom?~°,

We report here the reaction of a-keto esters 1 with phenols 2
in the presence of a Lewis acid (mainly chlorides of metals in
high oxidation state such as e.g. tetravalent titanium, zir-
conium of tin or, less efficiently, trivalent boron or alumini-
um)®, affording in high yields (o-hydroxyaryl)-glycolic acid
derivatives 3 (Table 1). These compounds are useful inter-
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Table 2. 'H-N. M. R.-Spectral Data of New Compounds 3 prepared

Product 'H-N.M.R. (CDCl;/TMS)

No. o [ppm]

3a 7.70-6.70 (m, 4H,,...); 5.33 (s, 3H, Ar—OH, C—0H4,
COOH); 1.90 (s, 3H, CH3)

3d 8.50 (s, 1 H, Ar—OH); 7.15 (m, 1 H,,); 6.67 (m, 2H,,.);

4.50 (s, 1H, C—OH); 4.25 (q, 2H, CH,); 2.23 (s, 3H,
Ar—CHjy); 1.70 (s, 3H, C—CHj); 1.20 (1, 3H,
CH,—CH3)

3e 8.30 (s, 1H, Ar—OH); 7.03 (m, 1H,,,on); 6.97 (m, 1 H,, )
6.70 (m, 1 H,,o): 4.60 (s, 1H, C—OH);4.22 (q, 2 H, CH,,);
2.23 (s, 3H, Ar—CH,), 1.78 (s, 3H, C—CH3;), 1.20 (¢,
3H, CH,—CH)

3f 7.50 (s, 1H, Ar—OH); 6.55-5.90 (m, 3H,,,.); 4.05-3.55
(m, 3H, CH,, C—OH); 2.30-0.90 (m, 17H, -C¢H,,,
CH,, CH,—CH)

3g 8.32 (s, 1H, Ar—OH); 7.05-6.55 (m, 3H ) 4.30 (s, 1H,
C—OH); 4.10(q, 2H, CH,CH;); 2.30(d, 2H, Ar—CH,);
1.70 (m, 1H, CH); 1.70 (s, 3H, C—CH,); 1.10 (1, 3H,
CH,—CH,), 0.80 [d, 6H. CH(CH;),]

3§ 8.60 (s, 1H, Ar—OH); 7.33 (m, 1 H,,o); 6.45 (m, 2 H, 0n):
435 (s, 1H, C—OH); 4.27 (q, 2H, CH,); 3.95 (s, 3H,
OCH,); 1.80 (s, 3H, C—CH3); 1.20 (t, 3H, CH,—CH;)

3l 9.35 (s, 1H, COOHY; 7.25 (d, 1H,,n); 6.50-6.30 (m,
2H,..); 3.75 (s, 3H, OCH,); 1.78 (s, 3H, C—CHj)
3m 8.20 (s, 1 H, Ar—OH); 7.20 (m, 1 H,0); 6.55 (M, 2H,00);

6.25 (s, 1H, C—OH); 4.20 (q, 2H, CH,); 2.20 (s, 3H,
0—CO—CH,); 1.70 (s, 3H, C—CH,): 1.20 (¢, 3H,
CH,—CH,)

3n 8.10 (s, TH, Ar—OH); 7.20--6.50 (m, 8 H,,,,): 4.45 (s, 1 H,
C—OH); 4.00 (g, 2H, CH,); 1.60 (s, 3H, C—CH,;). 1.15
(t, 3H, CH,—CH3)

30 8.55 (s, 1H, Ar—OH); 7.30-6.70 (m, 3H,,,,,); 4.50-4.00
(m, 3H, CH,—CH,, C—OH); 2.40 (s, 3H, SCH,); 1.93
(s, 3H, C—CH,); 1.24 (t, 3H, CH,—CH,)

3p 7.72(s, 1H, Ar—OH); 7.25-6.60 (m, 3 H,o); 5.25 (d, 1 H,
C—OH); 4.50 (d, 1H, CH); 4.20 (g, 2H, CH,); 2.36 (s,
3H, SCH,); 1.18 (1, 3H, CH,—CHj,)

3q 8.70 (s, 1 H, Ar—OH); 7.50-6.80 (m, 8 H,,,,.,); 5.81 (s, 1 H,
C—OH); 4.20 (q, 2H, CH ,); 1.87 (s, 3H, C—CH;); 1.16
(t, 3H, CHZ_CE_{3)

3r 8.60 (s, 1H, Ar—OH); 7.35-6.50 (m, 6H,,,,,); 4.45-3.95
(m, 3H, CH,, C—OH); 1.82 (s, 3H, C—CHS); 1.20 (t,
3H, CH,—CH;)

3s 8.10 (s, 1H, Ar—OH); 7.40-6.70 (m, 3H,0m): 4.25 (q.
2H, CH,—CH,); 3.60 (s, 1H, C—OH); 1.80 (s, 3H,
C—CH,); 1.32 (t, 3H, CH,—CHy3)

3t 8.85(s, 1 H, Ar—OH); 7.40-6.80 (m, 3H,,0,): 4.60 (s, 1 H,
C—OH); 4.23 (g, 2H, CH,); 1.80 (s, 3H, C—CHj,); 1.23
(t, 3H, CH,—CH,)

3v 8.10 (s, 1H, Ar—OH); 7.25 (m, 4 H 0p,); 6.75 (m, 1 H,,):
6.40(m,2H,,,,.); 4.45 (s, tH,C—OH); 3.88(q, 2H, CH,);
1.65 (s, 3H, C—CH,); 1.12 (t. 3H, CH,CH )

3x 8.40 (s, 1H, Ar—OH); 8.40-7.15 (m, 6 H, ,,); 5.48 (5. 1 H,
C—OH); 420 (q+s. 3H, CH,, CH); 1.22 (1, 3H,
CH,—CH,

3y 8.40-7.20 (m, 6H,,.,); 4.72 (s, | H, C—OH); 4.28 (q, 2 H,
CH,—CH,); 2.20 (m, tH, CH); 1.90-1.00 (t + m, 13H,
CH,, CH,)

3z 9.28 (s, 1H, Ar—OH); 8.40-6.90 (m, 11H,0m); 4.90 (5.
1H, C—OH); 3.80 (s, 3H, CHy)

3aa 9.98 (s, 1H, Ar—OH); 8.40-6.68 (m, 11 H,,x); 4.20 (q,
2H, CH,—CH,); 3.70 (s, 1H, C—OH), 3.50 (dd, 2H,
Ar—CH,); 1.20 (t, 3H, CH,—CH;)

3bb 9.30 (s, 1H, Ar—OH); 8.00-7.50 (m, 3H,,,); 7-25-6.80
(m, 3H,,0,): 4.70 (s, 1 H, C-—OH); 3.90(q. 2H, CH,); 1.65
(s, 3H, C—CH,); 1.00 (t, 3H. CH})

SYNTHESIS
Table 2. Continued
Product 'H-N. M. R (CDCl,;/TMS) -
No. J[ppm]
3cc 960 (5, 1H. Ar—OH); 820 (d, 1H,qp): 7.30-7.00 (m.

4H,,..); 4.60 (s, 1H, C—OH); 4.22 (q, 2H, CH,—CH,);
3.83 (s, 3H, OCH,); 1.85 (s, 3H, C—CHj); 1.20 (1, 3H,
CH,—CH,)

3dd 7.52 (s, 1H, Ar—OH); 7.00-6.25 (m, 4 H,, o) 4.85 (s, 1 H,
C—OH); 4.00 (q, 4H, CH,); 1.05 (t, 6H, CH,—CH,)

3ee 7.20-6.40 (m, 3H,,...); 5.40 (s, 2H, Ar—OH, C—OH);
4.30 (q. 4H, CH,); 2.40 (d, 2H, Ar—CH,); 1.95 (m, 1H,
CH); 1.25 (t, 6H, CH,—CH,); 0.90 [d, 6H, CH(CH ),

3 7.80 (s, 1H, Ar—OH); 7.18 (d, 1H,,p); 6.74 (5, 1 Hypop):
6.70(d, LH,...); 4.80 (s, 1H, C—OH);4.33(q,4H, CH,);
2.25 (s, 3H, Ar—CH;); 1.28 (t, 6 H, CH,—CHj,)

3gg 7.60 (s, 1H, Ar—OH); 7.20-6.70 (m, 8 H,,,); 5.00 (s, 1H,
C—OH); 4.20 (q, 4H. CH,); 1.20 (t, 6H, CH,—CH,)

3hh 8.73 (s, 1 H, Ar—OH); 7.38-6.73 (m, 3H,,,); 5.69 (s, 1 H.
C—OHJ; 4.30 (q, 4H, CH); 2.40 (s, 3H, SCH,); 1.28 (t.
6H, CH,—CH,)

3ii 9.18 (s, 1 H, Ar—OH); 8.47-7.25 (m, 6 H,,,1); 5.10 (s, 1 H,
C—OH); 4.33 (q, 4H, CH,); 1.28 (t, 6H, CH,—CH3)
3jj 9.10 (s, 1H, Ar—OH); 8.10 (d, 1H,,,,); 7.35-6.90 (m,

4H,,.,); 5.65 (s, 1H, C—OH); 4.35(q, 4H, CH,); 3.90 (s,
3H, O—CH,); 1.32 (t, 6H, CH,—CH,)

mediates’ for the preparation of 2,3-dihydrobenzofuran-2-
ones, a new and interesting class of antiinflammatory
agents® !,

R e
RIO—C—C—R2 + [ Mo,
~
RI'
RS
1 2
M
8 8% B
R'0—C—Ci_A R R'0—-C-C R
R2U R?
R R
RS RS
3

The reaction conditions, temperature and time, are largely
dependent on the susceptibility of the phenol derivate to
electrophilic substitution, varying from to —60°C to
+ 40°C and from few h (or min) to 40 h. The only limitations
for this reaction under the employed conditions, are the pre-
sence of deactivating substituents on the phenol ring and, of
course, the instability of carbonyl derivatives to the acidic
conditions. The high regioselectivity for the ortho-position,
found in this reaction, implies that in the transition state the
metal M is tightly bonded to phenolic and carbonyl oxygen
atoms and probably also to carbonyl of the ester group (de-
pending on the metal).

The metal phenolates, that are obtained in situ by direct reac-
tion of phenols and metal salts’ 2 and the described pericyclic
transition state!'3 are probably involved also in the synthesis
of 3 carried out very recently under unusual Friedel-Crafts
conditions'#. It is noteworthy, however, that in the latter
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case, reaction conditions are reported to be quite strict and
the yield of 3 highly dependent on alkaline salts and on the
nature of Lewis acid'®.

The process described here can be considered as a Lewis acid-
catalysed aldol reaction, where the metal salt of the phenol
functions as the enol form of one of two carbonyl derivatives.
Hence, it will be possible to realise other highly efficient
ortho-selective C—C bond formations of phenol derivatives,
the only limitation being the stability of the reagents and
products to the acidic medium.

(o-Hydroxyaryl)-glycolic Acid Derivatives 3; Typical Procedures:

Method A: To a stirred solution of m-cresol (500 mg, 4.6 mmot)
and ethyl pyruvate (534 mg, 4.6 mmol) in dichloromethane (20 ml)
at 0°C, titanium tetrachloride (873 mg, 4.6 mmol) is added slowly
within 10 min. After 10 min, the reaction is quenched with water
(10 ml) and extracted with ether (3 x 30 ml). The ether phase is
washed with water (3 x 30 ml), dried with sodium sulfate and
evaporated. The oily residue is chromatographed on silica gel with -
hexanc/ethyl acetate (8:2) to give ethyl o-(2-hydroxy-4-
methylphenyl)-lactate (3d); yield: 775 mg (75 %).

Method B: To a solution of m-cresol (500 mg, 4.6 mmol) in dichlo-
romethane (20 ml) maintained at 0°C is added titanium tetrachlori-
de (873 mg, 4.6 mmol) and the mixture is stirred at 0°C for 30 min. A
solution of ethyl pyruvate (534 mg, 4.6 mmol) in dichloromethane
(5ml} is then added slowly (o the mixture. After maintaining the
mixture for 10 min at 0°C, the reaction is worked up as given for
Method A to give 34d; yield: 910 mg (81 %).
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