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The synthesis of esters, amides, pyrrolidinone and succinimide analogs of a new inhibitor of tubulin poly-
merization, methyl N-(3,4,4',5-tetramethoxybenzhydryl)pyroglutamate (HEI 81) was studied.

J. Heterocyclic Chem., 39, 119 (2002).

Podophyllotoxin (1), etoposide (2) and azatoxin (3) are
anticancer agents acting respectively by inhibition of tubu-
lin polymerization [1] or inhibition of topoisomerase |1 [2].
We recently described the synthesis of analogs 4 of these
compounds[3]. Methyl estersand acids 5 [4] which are the
starting material for products 4 where also submitted for
screening of their anticancer properties [5]. Methyl
N-(3,4,4',5-tetramethoxybenzhydryl)pyroglutamate (HEI
81) (6) emerged from these tests (ICsq = 4.1 10-7 M)
(MCF-7 cells) while al the other acids and esters 5 were
devoid of antitumor activity. The structure of HEI 81 is
atypical among the anticancer agents. Nevertheless it can
be related to those of allocolchicine (7) [6], steganacin (8)
[7], combretastatin A-4 (9) [8], phenstatin (10) [9] and
other antitumor agents which interact with tubulin at the
colchicine (11) binding site [10] (Scheme 1).

In this paper, we report some attempts to improve the
biological properties of HEI 81. Because methyl esters and
acids 5, with different substitution pattern of the aromatic
ring are inactive products, we attempted to modify the
nature of the substituent on position 5 of the pyrrolidinone
ring. Thisled usto synthesize some esters, amides, lactams
and imides, which possess a diversity of lipophily and
steric hindrance. In the beginning of this work the exact
configuration of HEI 81 was not known, so the reactions
described in this paper were realized starting from DL-
pyroglutamic acid. It is known now that the biologically
active compound HEI 81 isthe R,R enantiomer [11].

In the published synthesis of HEI 81 (6), methyl
N-trimethylsilylpyroglutamate 12 was reacted with
O-trimethylsilyl 3,4,4',5-tetramethoxybenzhydrol (13)
[4] (Scheme 2). In an improvement of this method, a mix-
ture of esters 14-18 [12], tetramethoxybenzhydrol 19,
hexamethyldisilazane and a catal ytic amount of saccharin
was refluxed for 1-2 hours. After distillation of the hexa-

methyldisilazane excess, an acid catalyst (triflic acid)
was added. Heating the mixture while distilling the hexa-
methyldisiloxane formed gave avery good yield of esters
20-24 formed as a mixture of diastereoisomers that can-
not generally be separated by crystallization (Scheme 2).
The lower yield of benzy! ester 24 mainly reflects purifi-
cation difficulties. It must be noted that hexamethyldisi-
|azane does not reacts with benzhydrols in the absence of
catalyst [13].

Heating of amineswith the mixture 6 of two racemics, in
a melt or in methanol, at 50-80 °C, gave a good yield of
amides 25-28 in the same ratio of diastereoisomers that
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Figure 1. 1H nmr of isomers a and b: 6.2-7.4 ppm 1H nmr spectra of 6a
and 6b.
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generally cannot be separated by crystallization. Because
these reactions were performed at low temperature the
pyrrolidinone rings remained intact. The lower yield of 28
mainly reflects purification difficulties (Scheme 3).
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reaction mixture. Electrochemical oxidation of acid 35 in
methanol or in water [4] did not yield products 33 or 36,
probably because of an oxidative cleavage of the ben-
zhydryl group [15] (Scheme 4).

Scheme 3
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Structural assignment of each isomer was made easy
because of the small but constant differencesin the 6.3-7.3
ppm region of the H nmr spectra, as it is illustrated in
Figure 1 for 6a (HEI 81) and 6b.

In the same way as for esters 20-24 (Scheme 2), pyrro-
lidinone (29) and succinimide 30 were formed in a very
good yield by reacting amixture of the lactam 31 or 32 and
benzhydrol 19 first with hexamethyldisilazane and saccha-
rin then with a catalytic amount of triflic acid (Scheme 4).
It was also attempted to obtain the N,O-acetal 33. Not sur-
prisingly, heating compound 34 with silyl ether 13 in the
presence of triflic acid gave only decomposition of the

25 RyRy;N=MeNH 95%

26 RiR;N = >—NH 92%

/N
27 RR,N=N_  N—Me 95%
26 R4R,N =CqgHz7NH

The 3,4,4' 5-tetramethoxybenzhydrol (19) used in the
described reactions was synthesized from 4-bromoanisole
and trimethoxybenzaldehyde [16]. In that Grignard reac-
tion, it was necessary to use an organolithium intermediate
because 4-methoxyphenyl magnesium bromide led to the
corresponding benzophenone [17].

The methods utilized lead to interesting new products
but none of the synthesized compounds possess antitu-
mor properties, so ho more studies were performed in
thisfield.
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Table 1 Table 2
Elemental Anaysis of New Compounds (Calcd./Found) Yields and Physical Properties of New Compounds
Formula C H N o N°  Yield% MP°C (solvent) IR (KBr, v cml)
Cy7H2005 67.09 6.62 26.28 19 90 102-3 (AcOEt) 3490, 1590, 1510, 1435, 1130
66.91 6.59 26.48 20 89 125-7 (AcOEY) 1740, 1690, 1600, 1585, 1510,
Cy4HogNO; 65.00 6.59 3.16 25.25 1500, 1470, 1455, 1125
65.22 6.47 2.76 2591 21 76 109 (AcOEt) 1730, 1690, 1595, 1510, 1465,
CosHgiNO; 6563 683 306 2448 1450, 1130
65.77 6.88 2.80 24.33 22 88 112 (AcOEt) 1750, 1690, 1595, 1510, 1470, 1130
CygHa3NO; 66.23 7.05 297 23.75 23 91  147-8 (AcOEt/ether) 1730, 1680, 1590, 1580, 1500,
66.54 7.12 2.83 23.62 1450, 1120
Cy7HasNO; 66.79 727 288 2306 24 20 70 (ACOE) 1750, 1700, 1615, 1585, 1510, 1500,
66.41 7.16 2.85 22.66 1470, 1455, 1125
CogH3;,NO; 6890 618 277 2215 %5 95 120 (ACOEt) 3640, 1670, 1655, 1625, 1590, 1505,
69.25 6.51 2.78 21.75 1465, 1455, 1120
Cy3HogN2Og 64.47 6.59 6.54 22.40 26 92 168-170 (AcOEt) 3325, 1680, 1620, 1585, 1510, 1465,
64.19 6.67 6.49 22.78 1450, 1120
CygH3gN206°H,0 65.35 7.44 5.44 21.76 27 95 164-166 (AcOEt) 1670, 1615, 1585, 1515, 1470, 1125
65.42 7.46 5.50 21.81 28 33 90-92 (AcOEY) 3325, 1670, 1650, 1580, 1500,
Co7H35N30g 6517 709 844 19.29 1460, 1120
65.38 7.13 8.12 19.61 29 85 ail 1700, 1615, 1580, 1510, 1130
CaoHeaN20g 7204 937 420 1439 30 98 138-9 (ACOEt) 1775, 1705, 1610, 1595, 1515,
72.41 9.72 455 14.01 1470, 1140

CopiHpsNOs05H,0 6630 689 368  23.13
6592 717 337 2351

CoHNOg 6544 602 363 2491
6553 600 391 2482

Table3
NMR Spectra of New Compounds

NMR (CDCl3) & ppm

1H: 2.89 (s, 1H), 3.73 (s, 3H), 3.76 (s, 6H), 3.7 (s, 3H), 5.62 (5, 1H), 6.54 (s, 2H), 6.82 (d, J= 8.7 Hz, 2H), 7.24 (d, J = 8.7 Hz, 2H).

13C: 55.3, 56.1, 60.9, 75.9, 103.4, 114, 128, 136.1, 137.2, 139.9, 153.3, 159.2

1H: 0.95 (t, J= 7 Hz, 3H), 1.80-2.16 (m, 1H), 2.20-2.54 (m, 2H), 2.54-2.82 (M, 1H), 3.52-3.70 (m, 2H), 3.78 (s, 6H), 3.75 (s, 3H), 3.76 (S, 3H),
412 (dd, J=8.5, 1.1 Hz, 1H), 6.39 (s, 3H), 6.81 (d, J = 8.8 Hz, 2H), 6.98 (d, J= 8.8 Hz, 2H)

1H: 1.04 (t, J= 7.2 Hz, 3H), 1.96-2.19 (m, 1H), 2.19-2.60 (m, 2H), 2.60-2.88 (m, 1H), 3.66-3.75 (m, 2H), 3.78 (s, 6H), 3.79 (s, 3H), 3.84 (s, 3H),
4.21(d, J=8.4 Hz, 1H), 6.35 (s, 2H), 6.43 (s, 1H), 6.82 (d, J= 8.8 Hz, 2H), 7.15 (d, J = 8.8 Hz, 2H)

13C: 13.8, 24.8, 29.8, 55.3, 56.2, 58.7, 58.9, 60.9, 61.2, 104.6, 113.7, 129.9, 131.7, 135.1, 136.9, 153.5, 159.5, 172.2, 175.6

1H: 0.97 (d, J= 5.6 Hz, 3H), 1.0 (d, J= 5.6 Hz, 3H), 1.95-2.10 (m, 1H), 2.30-2.60 (m, 2H), 2.60-2.80 (M, 1H), 3.78 (s, 9H), 3.82 (s, 3H), 4.16 (t,
J=83Hz, 1H), 459 (m, 1H), 6.47 (s, 3H), 6.87 (d, J= 8.9 Hz, 2H), 7.04 (d, J= 8.9 Hz, 2H)

14: 0.97 (d, J= 6.2 Hz, 3H), 1.04 (d, J = 6.2 Hz, 3H), 1.90-2.10 (m, 1H), 2.20-2.60 (m, 2H), 2.60-2.90 (M, 1H), 3.79 (s, 9H), 3.84 (s, 3H), 4.18
(t, J=8.4 Hz, 1H), 457 (m, 1H), 6.34 (s, 2H), 6.42 (s, 1H), 6.81 (d, J = 8.8 Hz, 2H), 7.16 (d, J= 8.8 Hz, 2H)

14: 0.87 (t, J= 7.2 Hz, 3H), L.1-1.5 (m, 4H), 1.9-2.1 (m, 1H), 2.2-2.6 (m, 2H), 2.6-2.8 (m, 1H), 3.5-3.7 (m, 2H), 3.78 (s, 6H), 3.82 (s, 3H), 3.83
(s, 3H), 4.22 (d, J= 8.4 Hz, 1H), 6.46 (s, 3H), 6.87 (d, J= 8.7 Hz, 2H), 7.05 (d, J= 8.7 Hz, 2H)

14: 0.88 (t, J= 7 Hz, 3H), 1.1-1.5 (m, 4H), 1.9-2.2 (m, 1H), 2.2-2.6 (M, 2H), 2.6-2.8 (m, 1H), 3.5-3.7 (m, 2H), 3.78 (s, 9H), 3.84 (s, 3H), 4.22 (d,
J=8.4Hz, 1H), 6.34 (s, 2H), 6.43 (s, 1H), 6.81 (d, J= 8.8 Hz, 2H), 7.15 (d, = 8.8 Hz, 2H)

1H: 0.86 (t, J= 6.7 Hz, 3H), 1.12-1.29 (m, 4H), 1.29-1.48 (m, 2H), 1.95-2.10 (m, 1H), 2.22-2.57 (m, 2H), 2.60-2.85 (m, 1H), 3.54-3.75 (m, 2H),
3.78 (s, 6H), 3.82 (s, 3H), 3.83 (s, 3H), 4.18 (dd, J = 8.1, 1.2 Hz, 1H), 6.46 (s, 3H), 6.87 (d, J = 8.8 Hz, 2H), 7.05 (d, J = 8.8 Hz, 2H)

1H: 0.88 (t, J= 6.7 Hz, 3H), 1.12-1.29 (m, 4H), 1.29-1.47 (m, 2H), 1.99-2.11 (m, 1H), 2.24-2.54 (m, 2H), 2.63-2.83 (M, 1H), 3.52-3.73 (M, 2H),
3.78 (s, 6H), 3.79 (s, 3H), 3.84 (s, 3H), 4.22 (dd, J = 8.4, 1.0 Hz, 1H), 6.34 (s, 2H), 6.43 (s, 1H), 6.81 (d, J= 9.4 Hz, 2H), 7.15 (d, J= 9.4 Hz,
2H)

13C: 13.9, 22.3, 24.9, 28.0, 29.7, 29.9, 55.3, 56.2, 58.7, 58.9, 60.9, 65.5, 104.6, 113.7, 129.9, 131.7, 135.1, 137.4, 153.5, 159.5, 172.3, 175.6

1H: 1.95-2.22 (m, 1H), 2.22-2.57 (m, 2H), 2.6-2.85 (m, 1H), 3.73 (s, 6H), 3.83 (s, 6H), 4.27 (d, J= 8.5 Hz, 1H), 4.62 (d, J= 12.1 Hz, 1H), 4.72
(d, J=12.1 Hz, 1H), 6.48 (s, 3H), 6.85 (d, J= 8.7 Hz, 2H), 7.04 (d, J= 8.7 Hz, 2H), 7.1-7.2 (m, 2H), 7.25-7.35 (m, 3H)

14: 1.95-2.22 (m, 1H), 2.22-2.57 (m, 2H), 2.6-2.85 (m, 1H), 3.74 (s, 6H), 3.75 (s, 3H), 3.78 (s, 3H), 4.23 (d, J= 8.4 Hz, 1H), 4.66 (s, 2H), 6.36
(s, 2H), 6.45 (s, 1H), 6.80 (d, J = 8.6 Hz, 2H), 7.15 (d, J= 8.6 Hz, 2H), 7.08-7.2 (m, 2H), 7.25-7.35 (m, 3H)

13C: 24.58, 24.63, 29.76, 29.82, 55.27, 55.30, 56.06, 58.38, 58.51, 58.98, 59.04, 60.79, 60.86, 104.63, 107.15, 113.74, 114.05, 128.07, 128.27,
128.54, 128.62, 128.71, 128.74, 129.84, 130.35, 131.58, 133.88, 134.94, 137.34, 137.49, 153.14, 153.44, 159.09, 159.47, 172, 172.14, 175.60,
175.71

1H: 2-2.26 (m, 1H), 2.26-2.58 (m, 2H), 2.40 (d, J= 4.9 Hz, 3H), 2.58-2.83 (m, 1H), 3.81 (s, 6H), 3.82 (s, 3H), 3.84 (s, 3H), 4.03 (dd, J= 8.4, 1.4
Hz, 1H), 4.96 (bg, J = 4.9 Hz, 1H), 6.47 (s, 1H), 6.51 (s, 2H), 6.88 (dlt, J= 8.7, 2.4 Hz, 2H), 7.01 (dtt, J= 8.7, 2.4 Hz, 2H)

1H: 2.07-2.25 (m, 1H), 2.27-2.58 (m, 2H), 2.34 (d, J = 4.9 Hz, 3H), 2.58-2.82 (m, 1H), 3.77 (s, 6H), 3.81 (s, 3H), 3.84 (s, 3H), 4.10 (dd, J= 8.5,
1.5 Hz, 1H), 4.90 (by, J= 4.9 Hz, 1H), 6.29 (s, 2H), 6.46 (s, 1H), 6.87 (ctt, J= 8.8, 2.6 Hz, 2H), 7.21 (ct, J= 8.8, 2.6 Hz, 2H)
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Table3
NMR Spectra of New Compounds

N° NMR (CDCl3) 6 ppm

26a  1H:0.8-2.05 (m, 10H), 2.07-2.2 (m, 1H), 2.2-2.55 (m, 2H), 2.55-2.81 (m, 1H), 2.81-3.03 (m, 1H), 3.70-3.90 (M, 1H), 3.74 (s, 6H), 3.80 (s, 3H),
3.81 (s, 3H), 4.17 (d, J= 8.1 Hz, 1H), 6.43 (s, 3H), 6.87 (d, J= 8.8 Hz, 2H), 7.03 (d, J = 8.8 Hz, 2H)

26b  1H:0.8-2.5 (m, 10H), 2.05-2.2 (m, 1H), 2.2-2.55 (m, 2H), 2.55-2.80 (M, 1H), 2.80-3.05 (m, 1H), 3.70-3.90 (m, 1H), 3.79 (s, 9H), 3.85 (s, 3H),
414 (d, J=7.8 Hz, 1H), 6.35 (s, 1H), 6.37 (s, 2H), 6.80 (d, J= 8.8 Hz, 2H), 7.20 (d, J = 8.8 Hz, 2H)

28b  1H:0.89 (t, J= 6.1 Hz, 3H), 1-1.5 (m, 32H), 2-2.2 (m, 1H), 2.2-2.6 (m, 2H), 2.6-2.9 (M, 1H), 2.9-3.2 (M, 2H), 3.7 (s, 6H), 3.80 (s, 3H), 3.84 (s,
3H), 4.09 (d, J = 8.1 Hz, 1H), 4.85-5.05 (m, 1H), 6.30 (s, 2H), 6.43 (s, 1H), 6.85 (d, J = 8.7 Hz, 2H), 7.20 (d, J = 8.7 Hz, 2H)
13C: 14.2, 22.7, 26.1, 26.9, 29.1, 29.3, 29.4, 29.5, 29.7, 32, 39.7, 55.3, 56.2, 59.5, 60.7, 61, 104.6, 114.2, 130.2, 131.3, 134.7, 137.5, 1535,

159.7,171.7,176.4

29 1H:2.04(m, J= 7.4 Hz, 2H), 2.50 (t, J= 8.1 Hz, 2H), 3.22 (bt, J= 7 Hz, 2H), 3.78 (s, 6H), 3.82 (5, 3H), 3.85 (5, 3H), 6.39 (5, 2H), 6.49 (s, 1H),

6.88 (d, J= 8.8 Hz, 2H), 7.12 (d, J= 8.8 Hz, 2H)

13C: 18.3, 31.3, 4.4, 55.3, 56.2, 58.2, 60.9, 105.7, 114, 129.8, 130.6, 134.8, 137.4, 153.4, 159.2, 175.2
30 1H:2.75(s, 4H), 3.80 (s, 6H), 3.81 (s, 3H), 3.85 (s, 3H), 6.43 (s, 1H), 6.64 (s, 2H), 6.86 (clt, J= 6.9, 2.7 Hz, 2H), 7.21 (dlt, J= 6.9, 2.6 Hz, 2H)
13C: 28.2, 55.3, 56.2, 58.3, 60.9, 106.4, 113.8, 129.6, 129.7 (2C), 133.8, 137.8, 153.3, 159.2, 177

EXPERIMENTAL

Mélting points are uncorrected. The ir spectra were recorded
on a 'Perkin-Elmer' 700 spectrometer and the nmr spectra on a
Varian 'Gemini 2000' at 200 MHz for 1H and 50 MHz for 13C,
using tetramethylsilane as an internal reference. Elemental analy-
ses were performed by the «Service Central de Microanalyses»
(CNRS, Vernaison, France). Melting points, ir spectra and ele-
mental analyses were not determined for moisture sensitive com-
pounds. Pyroglutamic acid was a gift of UCIB, Ivry-la-Bataille,
France, which can provide this chemical in bulk quantities.

Pentyl N-[(4-Methoxyphenyl)-(3,4,5-trimethoxyphenyl)-
methyl] pyroglutamate (23).

A stirred mixture of pentyl pyroglutamate (17) (3.3 g,
0.016 mal), 3,4,4',5-tetramethoxybenzhydrol (19) (5 g, 0.016
mol), saccharin (10 mg) and hexamethyldisilazane (7 ml, 5.4 g,
0.033 mol) was refluxed for 2 hours giving a mixture of 13 and
N-silylated ester 19 as very water sensitive compounds.
Hexamethyldisilazane excess was distilled under vacuum (water
aspirator). Triflic acid (0.05 ml, 0.1 g, 0.6 mmol) was added and
the mixture was stirred at 130 °C for 1 hour. Methylene dichlo-
ride was added and the solution was washed with water, dried,
then chromatographed (Silica gel, ethyl acetate/heptane (70/30)),
giving a diastereomeric mixture of esters 23a and 23b (50/50).

Esters 20, 21, 22 and 24 were obtained by using the same pro-
cedure.

N-[(4-Methoxyphenyl)-(3,4,5-trimethoxyphenyl)-methyl] pyrog-
lutamic acid methylamide (25).

A methanol (60 ml) solution of ester 6a,b (2.5 g, 5.8 mmol)
was saturated with methyl amine, then the solution was heated at
50 °Cfor 12 hoursin a closed vessel. After evaporation amide 25
crystallized from a mixture ethyl acetate/methanol (90/10).

N-[ (4-Methoxyphenyl)-(3,4,5-trimethoxyphenyl)-methyl] pyrog-
lutamic acid cyclohexylamide (26).

A dtirred solution of ester 6a,b (2g, 4.7 mmol) in cyclohexy-
lamine (2 ml, 1.7 g, 17.5 mmol) was heated at 135 °C for 12
hours. Methylene dichloride was added and the solution was
washed with a dilute hydrochloric acid solution then with water.
The solution was dried (sodium sulfate) then evaporated, giving
an oil which crystallized from ethyl acetate/methanol (95/5).

1-[(4-Methoxyphenyl)-(3,4,5-trimethoxyphenyl)-methyl]-5-(4-
methy|pi perazine-1-carbonyl)-pyrrolidin-2-one (27).

A stirred solution of ester 6a,b (2 g, 4.7 mmol) and N-methyl-
piperazine (2 ml, 1.7 g, 17.3 mmol) in methanol (10 ml) was
refluxed for 3 days. Solvents were evaporated, methylene dichlo-
ride was added and the solution was washed with water. The
solution was dried (sodium sulfate) then evaporated, giving an oil
which crystallized from ethyl acetate/methanol (95/5).

N-[(4-Methoxyphenyl)-(3,4,5-trimethoxyphenyl)-methyl]pyrog-
lutamic acid octadecylamide (28).

This product was obtained in the same way asfor compound 26.

N-[(4-Methoxyphenyl)-(3,4,5-trimethoxyphenyl)-methyl] pyrro-
lidin-2-one (29).

This product was obtained in the same way as for compound
23, starting from pyrrolidinone 31 (chromatography : ethyl
acetate/heptane 70/30).

N-[(4-M ethoxyphenyl)-(3,4,5-trimethoxyphenyl)-methyl]-pyrro-
lidine-2,5-dione (30).

This product was synthesized in the same way as for com-
pound 23, starting from succinimide 32. The oil obtained crystal-
lized from ethyl acetate.

Acknowledgments.

We wish to thank the Norbert Segard Foundation for financial
grants.

REFERENCES AND NOTES

[1] I. Jardine, Anticancer Agents Based on Natural Products
Models, Academic Press, Inc., New York, NY, 1980, p. 319.

[2] H. Stahelin, Eur. J. Cancer, 6, 303 (1970); F. Leteurtre, J.
Madalengoitia, A. Orr, T. J. Cuzi, E. Lehnert, T. McDonald and Y.
Pommier, Cancer Res., 52, 4478 (1992); F. Leteurtre, D. L. Sackett, J.
Madalengoitia, G. Kohlhagen, T. McDonald, E. Hamel, K. D. Paull and
Y. Pommier, Biochem. Pharmacol., 49, 1283 (1995).

[3] A. Legrand, B. Rigo, P. Gautret, J.-P. Hénichart and D.
Couturier, J. Heterocyclic Chem., 36, 1263 (1999); A. Legrand, B. Rigo,
J-P. Hénichart, B. Norberg, F. Camus, F. Durant and D. Couturier, J.
Heterocyclic Chem., 37, 215 (2000).



124 A. Bourry, B. Rigo, G. Sanz and D. Couturier

[4 B. Rigo, P. Gautret, A. Legrand, J.-P. Hénichart and D.
Couturier, Synlett, 998 (1997); B. Rigo, P. Gautret, A. Legrand, J.-P.
Hénichart and D. Couturier, J. Heterocyclic Chem., 35, 567 (1998).

[5] Developmental Therapeutic Program, Division of Cancer
Treatment, National Cancer Ingtitute, Bethesda, Maryland.

[6] J. Deinum and P. Lincoln, Biochim. Biophys. Acta, 870, 226
(1986).

[71 R.W.-J Wang, L. |. Rebhun and S. M. Kupcham, Cancer
Research, 37, 3071 (1977).

[8] J. A. Hadfield and A. T. McGown, Synthetic Commun., 28,
1421 (1998).

[9] G.R. Pettit, B. Toki, D. L. Herald, P. Verdier-Pinard, M. R.
Boyd, E. Hamel and R. K. Pettit, J. Med. Chem., 41, 1688 (1998).

[10] L. Wilson and M. Friedkin, Biochemistry, 6, 3126 (1967); L.
Wilson, Biochemistry, 9, 4999 (1970); L. Wilson and J. Bryan, Adv. Cell.
Moal. Biol., 3, 21 (1974); J. D. Loike, C.F. Brewer, H. Sternlich, W. J.
Gendler and S. B. Horwith, Cancer Res. 38, 2688 (1978).

[11] Separation of the four isomers obtained from the reaction of
DL-methyl N-trimethylsilylpyroglutamate with O-trimethylsilyl 3,4,4',5-
tetramethoxybenzhydrol [4] was realized by Janssen Research
Foundation, by using chiral chromatography.

Vol. 39

[12] B. Rigo, C. Lespagnol and M. Pauly, J. Heterocyclic Chem.,,
25, 49 (1988).

[13] P Gautret, S. El Ghammarti, A. Legrand, D. Couturier and B.
Rigo, Synthetic Commun., 26, 707 (1996).

[14] T. lwasaki, H. Horikawa, K. Matsumoto and M. Miyoshi, J.
Org. Chem,, 44, 1552 (1979); B. Rigo, J. P. Lelieur and N. Kolocouris,
Synthetic Commun., 16, 1587 (1986); D. Fasseur, B. Rigo, P. Cauliez, M.
Debacker and D. Couturier, Tetrahedron Lett., 31, 1713 (1990); B. Rigo,
S. El Ghammarti and D. Couturier, Tetrahedron Lett., 37, 485 (1996); S.
El Ghammarti, B. Rigo, H. Mejdi, J-P. Hénichart and D. Couturier, J.
Heterocyclic Chem., 37, 143 (2000).

[15] J. Yoshimura, M. Yamaura, T. Susuki and H. Hashimoto,
Chem. Lett., 1001 (1983); A. Van Aerschat, L. Jie and P. Herdewijn,
Tetrahedron Lett., 32, 1905 (1991); W. F. Huffman, K. G. Holden, T. F.
Buckley, J. G. Gleason and L. Wu, J. Am. Chem. Soc., 99, 2352 (1977).

[16] Benzhydrol 19 can aso be obtained by a Friedel-Crafts reac-
tion of trimethoxybenzoyl chloride and anisole followed by a sodium
borohydride reduction: M. Cushman, D. Nagarathnan, D. Gopal, H. M.
He, C. M. Linand E. Hamel, J. Med. Chem., 35, 2293 (1992).

[17] C.L.Kao, S. Y. Yen and J. W. Chern, Tetrahedron Lett., 41,
2207 (2000).



