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Abstract: Proline catalysis of the asymmetric direct al-
dol reaction involves both the secondary amine func-
tion and the carboxyl group of the amino acid. N-Sul-
fonylcarboxamides are known to be of similar acidity
as carboxylic acids, and three N-arylsulfonyl deriva-
tives of L-proline amide were synthesized as function-
alized and versatile derivatives of L-Pro. Their catalyt-
ic performance was evaluated in the direct aldol addi-
tion of acetone to 4-nitrobenzaldehyde. Significantly
improved reactivities and enantioselectivities were
achieved in various solvents at low catalyst loadings
(5-10 mol %) and at room temperature, with ees

ranging up to 98%, whereas L-proline itself afforded
a maximum ee of 80% (in DMSO). Thus, N-arylsul-
fonyl derivatives of proline amide represent a novel
class of highly enantioselective catalysts for direct al-
dol reactions. Furthermore, the N-arylsulfonyl sub-
stituent suggests possibilities for incorporation into
larger catalyst assemblies (including immobilization)
without affecting the catalytically active functional
groups.

Keywords: aldol reaction; amino acids; asymmetric
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Introduction

The aldol reaction is one of the most important C—C
bond forming reactions in organic synthesis. In recent
years, much effort has been spent on developing catalyt-
ic asymmetric versions.!' A number of different ap-
proaches have been taken to solve this synthetically
most important problem, such as the chiral Lewis acid-
catalyzed Mukaiyama reaction of silyl enol ethers,” ca-
talysis by Lewis bases,”! the development of bifunctional
Lewis acid/Brgnsted base catalysts,*! and application of
aldolases or antibodies.”! In the 1970s, the Hajos—Par-
rish—Eder-Sauer—Wiechert reaction was discovered,
i.e., the proline (3)-catalyzed intramolecular asymmet-
ric aldol cyclodehydration of the achiral trione 1 to the
unsaturated Wieland-Miescher ketone 2 (Scheme 1).17)
Surprisingly, the catalytic potential of proline (3) in
asymmetric aldol reactions was not explored further un-
til recent years, when List et al. reported pioneering
studies on intermolecular aldol reactions.’**! For exam-
ple, acetone can be added to a variety of aldehydes, af-
fording the corresponding aldols in good yields and
enantiomeric purities. The case of 4-nitrobenzalde-
hyde as acceptor is shown in Scheme 2. In this example,
the product aldol 4 was obtained in 68% isolated yield
and with 76% ee.®! The remarkable chemo- and enan-
tioselectivities observed by List et al. triggered massive
further research activities in the field of proline-cata-
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lyzed aldol, Mannich, Michael and related reac-
tions. ']

Proline (3) is a very attractive catalyst because it is
readily available in both enantiomeric forms, it is non-
toxic, and typically no stringent reaction conditions
such as low temperatures, inert atmosphere, etc. are re-
quired. On the other hand, fine-tuning of the catalytic
properties of proline by derivatization is difficult: the
five-membered pyrrolidine ring, and both the free car-
boxyl and the secondary amine function proved essen-
tial for effective catalysis.®! However, N-substituted
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proline amides derived from 3-amino alcohols are an ex-
ception because they promote catalytic asymmetric al-
dol reactions with high enantioselectivities.'? By the
same token, diamine catalysts derived from proline, in
conjunction with Brgnsted acids, were found to catalyze
aldol reactions with moderate to good enantioselectivi-
ties and yields, albeit until now with a fairly narrow sub-
strate spectrum.!®) Small peptides harbouring proline
were synthesized and assessed as well, but the enantiose-
lectivities compared to the “simple” proline-catalyzed
reaction could not be improved.!"¥ Very recently, both
Yamamoto et al.l'** and Ley et al.'*" exchanged the car-
boxylic acid function of proline for a tetrazole. The latter
heterocycle is of similar acidity as carboxylic acids, and
has frequently been employed as a “bio-isoster” of car-
boxylic acids."" The pyrrolidinyltetrazole 5 (Scheme 3)
thus obtained was employed in asymmetric Mannich
and aldol reactions quite successfully, with enantiomeric
excesses ranging up to 99% ee.!” However, in the aldol
reaction shown in Scheme 2, Arvidsson and Hartikka
observed only a minor increase in activity, but no im-
provement in enantioselectivity for the tetrazole 5 com-
pared to L-proline (3).l"”!

Unfortunately, the nature of the tetrazole group pre-
vents further optimization of the catalytic properties
of 5, e.g., by attaching substituents of varying electronic
and steric properties. We reasoned that N-sulfonylation
of proline amide (as in 6, Scheme 3) will as well result in
a functional group of sufficient acidity, and will at the
same time allow electronic and steric fine-tuning of
the resulting catalyst by variation of substituents on
the aryl residue. In fact, the acylsulfonamide group has
frequently been used — just as tetrazole — in medicinal
chemistry as a “bio-isoster” of carboxylic acids.!"s! How-
ever, to the best of our knowledge, there appear to be no
publications on the synthesis and characterization of V-
sulfonylated proline amides. We herein report the syn-
thesis of proline-amide derived acylsulfonamides as a
new, versatile and readily accessible class of catalysts
for the asymmetric direct aldol reaction. As a first test
for catalytic efficiency, the addition of acetone to 4-ni-
trobenzaldehyde was performed, and significantly im-
proved enantiomeric excesses compared to proline (up
to 98% ee) were observed.

COoH
Yamamoto, Ley, H H this work
Arvidsson .
(refs.“s’”]) L-proline (3)
-N
N7
H HH O
tetrazole 5 N-arylsulfonylproline amides 6a - ¢
Scheme 3.
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Results and Discussion

To study the steric and electronic effects of the N-sulfon-
yl substituent, we synthesized N-tosylproline amide
(6a), the 2,4,6-tris(iso-propyl)benzenesulfonamide 6b
and the 4-nitrobenzenesulfonamide 6¢, as summarized
in Scheme 4. The preparation of the catalysts 6a and
6b was easily achieved by treating the 4-nitrophenyl es-
ter 7 of BOC-L-proline 8 with the corresponding sulfo-
namides 9a, b under basic conditions. However, this pro-
cedure failed in the case of 4-nitrobenzenesulfonamide
as nucleophile. Various reaction conditions were tested,
but none of them afforded more than traces of the de-
sired acylsulfonamide 6¢. Finally, by treating a mixture
of BOC-L-proline 8 and 4-nitrobenzenesulfonamide 9¢
with an excess of DMAP and EDCI in 1,2-dichloro-
ethane/tert-butyl alcohol (1:1) as solvent, the product
6¢ was formed in 78% yield.

The N-tosylated proline amide 6a afforded crystals
suitable for X-ray structural analysis. The result is shown
in Figure 1. The pyrrolidine function is protonated
whereas the N-acylsulfonamide group is deprotonated.
This is in accord with the high acidity of the N-acylsulfon-
amide proton which may replace the carboxylic proton
of proline in the catalytic cycle. The partial double
bond character of the carboxamide linkage [CO—N] is
nicely reflected by the almost perfect co-planarity of
C.(proline)—C(O)—N-S. The torsion angle of these
four atoms is 178.2°, and the maximum deviation from
the best plane is 1.3 pm (N atom).

The novel catalysts 6a — ¢ were tested in the direct al-
dol reaction between p-nitrobenzaldehyde and acetone
as shown in Scheme 2. Our initial reaction conditions

N H N H
BOC 7.73% BOC
8
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Di)kuﬁ iPr O)LH*HONOZ
N on R SR

i-Pr
6b, 39 % 6¢c, 78%
(a) DCC, 4-nitrophenol, pyridine; according to ref. 2%
(b) 4-nitrobenzenesulfonamide (9¢), DMAP, EDCI, -BuOH/1,2-dichloroethane;
according to ref 22
(c) p-toluenesulfonamide (%a), NaH, DMF;
(d) 2,4,6-tris(i-propylbenzene)sulfonamide (9b}), NaH, DMF.

Scheme 4.
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Figure 1. X-ray crystal structure of the proline N-sulfonylcar-
boxamide 6a.

were the same as reported for proline catalysis, which
means a large excess of ketone (27 equivalents),
30 mol % of the catalyst relative to the aldehyde, and
stirring at room temperature. The results are summar-
ized in Table 1.

We were pleased to see that with all of the three new
catalysts 6a — ¢ enantioselectivity was significantly im-
proved relative to the proline-catalyzed reaction (typ-
ically >90% ee, proline: 76% ee®). Almost full conver-
sion was reached after 24 hours. A solvent screening was
performed, and the results are summarized in Table 1.
Best yields and enantiomeric excesses (up to 93%)

Table 1.
I 9
catalyst 6a - c: D}N*S*R
NS

NO, NO,
H3C\H/CH3 . OYQ 6a-c(30mol%) |, CT(\(@
—_— 3
] solvent, r.t., 24 h OHO\\ H 4

ee (Yield) [%] of the Aldol Product 4, Catalyst
Solvent

6a 6b 6c L-proline (3)
DMSO 93 (98) 92 (98) 92 (73) 72 (98)@ 761
methanol 54 (62) 70 (97) 69 (40) 37 (87)@ -
THF 93 (73) 90 (62) 86 (98) 69 (92) gl
acetone 93 (98) 71(98) 90 (98) 67 (97)l3 g7t}
chloroform 85 (58) 76 (95) 88 (54) 59 (97l 10l
1@l This work.

1] Enantiomeric excesses reported in ref [l
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were obtained in polar aprotic solvents such as DMSO,
acetone or THF, whereas protic solvents like methanol
led to a decrease both in enantioselectivity and conver-
sion. Also in chloroform, the enantioselectivity and the
conversion were lower. With the sterically more de-
manding acylsulfonamide 6b, only small changes in the
catalytic properties compared to catalyst 6a were ob-
served. Catalyst 6¢, carrying an electron-withdrawing
p-nitrobenzene group, also showed quite comparable
catalytic properties. In the latter case, conversions in
DMSO and methanol were slower, but the enantioselec-
tivities were almost identical to those observed with cat-
alyst 6a and 6b. Overall, the trends in the solvent effects
observed for the three novel catalysts 6a — ¢ are compa-
rable to those reported for L-proline (3).”) In contrast to
L-proline (3), all three catalysts 6a — ¢ are completely
soluble in the solvents tested. In some cases, this can
be an important factor for achieving practical rates
of substrate conversion, as has been reported for the
soluble tetrazole-derivatized proline catalyst 5 (Sche-
me 3).11%

Next, we studied the influence of catalyst loading (Ta-
ble 2). For this series of experiments, DMSO was used
exclusively as solvent. Besides 30 mol % (as summar-
ized in Table 1 and in line 1, Table 2), the aldol addition
of acetone to p-nitrobenzaldehyde was also studied at
10 mol % and 5 mol % catalyst loading. Under these
conditions, differences in reaction rates became clearly
visible: Even at 5 mol %, the tris(iso-propyl)benzene-
sulfonamide 6b effected almost complete conversion
(91%) after 72 h. The N-tosylated proline amide 6a
was somewhat slower (45% conversion after 72 h,
5mol %), and the nitro-substituted catalyst 6¢ only
gave 10% conversion after this period of time. L-Proline
(3) itself falls in between the sulfonamides 6a and 6c.
However, whereas our sulfonamide catalysts showed
continuous increase in conversion over the entire reac-
tion time, conversion appeared to level off at ca. 40%
(10 mol % 3) and 17% (5 mol % 3) in the case of L-pro-
line (3). We furthermore observed that the enantioselec-
tivity of the aldol reaction generally increased with de-
creasing catalyst concentration. Enantiomeric excesses
up to 98% were achieved by the 4-nitrobenzenesulfona-
mide 6¢, and the fastest catalyst (6b) still afforded 95%
ee at 91% conversion with as little as 5 mol % of cata-
lyst. Finally, it should be pointed out that the enantio-
meric excesses observed for the aldol product 4 did
not change significantly over the entire reaction period
of 72 h (Table 2). As mentioned already, all experiments
were run at room temperature, as no significant im-
provement of enantioselectivity was observed upon low-
ering the reaction temperature to 0 °C.

List and Houk have recently proposed a one-proline
enamine mechanism, in which the carboxylic acid pro-
ton fulfils a number of crucial roles in the catalytic cy-
cle."”! In the transition state (IIla, Scheme 5), the alde-
hyde II is attacked by the intermediate enamine I, gen-
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Table 2.
NO,

HsC-_CHs

T

NO,
/ -
o catalyst (6a - ¢) H3C\H/\(©/
0 DMSO, rt. o"'o‘\ H 4

be explained by a better shielding of one
of the enantiotopic faces of the aldehyde
by the aryl ring (Scheme 5). It may also
be speculated that “tighter” hydrogen
bonding in the transition state IIIb ac-
counts for the better stereoselection ob-

Catalyst Loading Reaction Time

ee (Yield) [%] of the Aldol Product 4, Catalyst

served. However, the evaluation of more

0 and structurally diverse acylsulfon-

[mol %)] [ L-proline (3) . . .
6a 6b 6c profine amides is necessary to shed further light

on the mechanism of enantioselection.

30 24 93 (98 92 (98 92 (73 . .

(8) (28) (73) 72(98) The catalysts 6a — ¢ provide high enan-
10 04 95 (29) 95 (70) .97 @) 75 @41) tioselectivities in low-b01}1ng solvents,
10 48 and the use of pure acetone is not necessa-
96 (69) 97(%6) 98 (15) 73(42) ry. Furthermore, there is no need for low
10 72 94 (96) 95(99)  98(25) 76 (43)  temperatures to obtain high enantioselec-
o4 94 (15) 95 (39) -~ 97 3) 80 (14) tivities, as seen in ([)]gler proline amide-cat-
48 94 (30) %4 (72) -~ 97(5) 717 alyged reactions.” Thus,' the sulfon-
a7 amides 6a — ¢ provide practical advantag-
72 95 (45) 95(91)  98(10) 76 (17)  esover L-proline (3) and other proline-de-

erated from the ketone and L-proline (3). In this bimo-
lecular complex, the carboxylic acid proton enables hy-
drogen bonding between the reaction partners. As the
result, the iminium-aldol intermediate is generated ste-
reoselectively (IV, re-facial attack, Scheme 5). The hy-
drolysis of the intermediate I'V releases the aldol adduct
V (Scheme 5).[) We assume that in the sulfonamide-cat-
alyzed reaction, the acidic NH-proton replaces the car-
boxylic proton (transition state IIIb, Scheme 5), and
the same probably holds for the tetrazole-derivatized
proline catalysts.!>!7)

The origin of the improved enantioselectivity ob-
served with the acylsulfonamide catalysts 6a — ¢ may
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rived amides. It is hoped that further opti-
mization of the sulfonamide moiety will
lead to catalysts which are able to pro-
mote reactions in which L-proline (3) itself gives only
modest or poor results, such as Michael additions, or al-
dol reactions with a-non-branched aldehydes.*!

Conclusion

In summary, we have introduced the new class of pro-
line-derived acylsulfonamide catalysts for the asymmet-
ric direct aldol reaction. Compared to L-proline (3), the
enantioselectivity could be improved to 98% ee while
maintaining high activity at low catalyst loadings. The
novel catalysts are readily available and they do not
need inert reaction conditions. The sulfonamide part
can be varied in a broad fashion. It is thus expected
that the catalytic properties can be further tuned for
individual applications. This may be especially interest-
ing in cases where L-proline (3) itself affords only mod-
est results, e.g., in aldol reactions of a-unbranched alde-
hydes, Michael reactions etc. Furthermore, the sulfon-
amide moiety may be employed as a linker for immobi-
lization on solid support, or as an attachment point for
further catalytically competent or stereo-differentiating
groups.

Experimental Section

General

BOC-L-proline (8) was purchased from Novabiochem, 2,4,6-
tris(isopropyl)benzenesulfonamide (9b) was purchased from
Lancaster, tosylamide (9a) and 4-nitrobenzensulfonamide
(9¢) were purchased from Fluka, Amberlyst-15 resin was pur-
chased from Supelco. L-Proline (3) was purchased from EGA
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Chemie. All commercially available chemicals were used with-
out further purification. BOC-proline 4-nitrophenyl ester (7)
was synthesized from BOC-proline and p-nitrophenol in
73% yield according to a literature procedure.”” Solvents
were distilled prior to use and dried, if necessary, using stan-
dard techniques.”’ NMR spectra were recorded on a Bruker
AC300 NMR spectrometer, FT-IR spectra were recorded on
a Perkin Elmer FT-IR 1600 instrument. Melting points were
determined on a Biichi melting point apparatus and are uncor-
rected. Elemental analysis was performed on a Vario EL ele-
mentar CHN-apparatus. HPLC analysis was carried out on
Merck-Hitachi HPLC equipment using HPLC grade solvents
from Fisher Scientific.

N-Toluenesulfonyl-L-proline Amide 6a

To a solution of p-toluenesulfonamide (9a, 1.00 g, 5.8 mmol) in
20 mL of absolute DMF was added sodium hydride (268 mg,
60% dispersion in mineral oil, 6.69 mmol). After stirring for
0.5 h at ambient temperature, L-proline (4-nitrophenyl) ester,
(7, 1.50 g, 4.46 mmol), dissolved in 5 mL of absolute DMF,
was added. The yellow solution was stirred overnight at ambi-
ent temperature and then poured onto crushed ice. The pH was
adjusted to 3 by addition of citric acid. The aqueous layer was
extracted with ethyl acetate (3 x 20 mL). The organic layer was
washed with water (5 x 20 mL), dried over magnesium sulfate
and concentrated under vacuum. The semi-solid residue was
triturated with ether (10 mL), and the resulting colourless solid
was collected by filtration to afford the BOC-protected N-sul-
fonylcarboxamide; yield: 1.00 g (61%). Deprotection was per-
formed using 50% TFA in dichloromethane (10 mL) for one
hour at room temperature. After rotary evaporation, TFA salts
were removed by triturating the residue with 10 mL of metha-
nol (saturated with ammonia). The acylsulfonamide 6a was ob-
tained as a colourless powder; yield: 693 mg (42% overall); mp
217°C. Recrystallization from methanol gave colourless crys-
tals suitable for X-ray analysis. 'HNMR (DMSO-dq,
300 MHz): 6=1.64-1.86, 2.06-2.16 (m, 4H), 2.30 (s, 3H),
2.99-3.07, 3.11-3.19 (m, 2H), 3.78-3.83 (m, 1H), 7.17-7.20
(m, 2H), 7.65-7.67 (m, 2 H), NH-protons not visible;
BC NMR (DMSO-d,, 75 MHz): §=20.87 (q), 23.36 (t), 29.08
(1), 45.31 (t), 61.88 (d), 126.84 (d), 128.16 (d), 139.97 (s),
142.42 (s), 171.27 (s); IR (CsI): ¥v=3088 1619, 1586 1403,
1326, 1241, 1128, 1085, 1046 947, 872, 811, 709, 646, 555 cm ™ ';
elemental analysis: calcd. for C;,H;(N,O;S: C 53.71, H 6.01,
N 10.44; found: C 53.37, H 6.05, N 10.30.

N-2,4,6-Tris-(isopropylbenzene)sulfonyl-L-proline
Amide 6b

In analogy to the preparation of 6a, 2,4,6-tris(isopropylbenz-
ene)sulfonamide (9b, 2.00 g, 7.06 mmol) was reacted with so-
dium hydride (325 mg, 60% dispersion in mineral oil,
8.14 mmol) and vr-proline 4-nitrophenyl ester (7, 1.83 g,
5.43 mmol). Work-up as described above afforded the BOC-
protected N-sulfonylcarboxamide; yield: 1.45 g (55%). Depro-
tection and removal of TFA salts as described for 6a afforded
6b as a colourless powder; yield: 1.45 mg (39% overall); mp
220°C; '"H NMR (DMSO-d,, 300 MHz): 8 =1.13 (br. s, 18H),
1.70-1.90, 2.11-2.18 (both m, 4H), 2.77-2.86 (m, 1H), 3.01-
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3.18 (m, 2H), 3.76-3.81 (m, 1H), 4.49-4.58 (m, 2H), 7.01 (s, 2
H), NH protons not visible; *C NMR (DMSO-d;, 75 MHz):
0=23.52 (1), 23.62 (t), 24.70 (q), 24.76 (q), 28.08 (d), 29.02
(1), 33.30 (d), 45.19 (t), 61.82 (d), 122.12 (d), 139.30 (s),
148.60 (s), 149.07 (s), 170.92 (s), (number of signals higher
than expected due to amide rotamers); IR (CsI): ¥=2961,
1586, 1464, 1379, 1323, 1276, 1126, 1043, 996, 881, 822, 765,
688, 655, 556, 463 cm ™ '; an analytically pure sample was ob-
tained by recrystallization from methanol; elemental analysis:
calcd. for C;H,N,05S: C63.12, H 8.48, N 7.36; found: C 62.80,
H 8.45,N 7.28.

N-4-Nitrobenzenesulfonyl-L-proline Amide 6¢'**!

BOC-r-proline (8, 472mg, 2.19 mmol), DMAP (803 mg,
6.57 mmol), EDCI (850 mg, 5.48 mmol), and 4-nitrobenzene-
sulfonamide (9¢, 307 mg, 1.52 mmol) were dissolved in 20 mL
of a 1:1 mixture of fert-butyl alcohol and 1,2-dichloroethane.
The solution was stirred overnight at ambient temperature.
Ethyl acetate (5ml) and Amberlyst-15 (protonated form,
2.0 g) were added, and stirring was continued for 2 h. The mix-
ture was passed through a plug of silica gel (1 cm) and washed
with ethyl acetate. The filtrate was concentrated under vac-
uum, and the residue was purified by flash chromatography
onsilica gel (dichloromethane/methanol, 40: 1) to give protect-
ed 6¢ as a brown solid; yield: 400 mg (78%). Deprotection was
performed using 50% TFA in dichloromethane (10 mL) for
one hour at room temperature. After rotary evaporation,
TFA salts were removed by triturating the residue with
10 mL of methanol (saturated with ammonia). The acylsulfon-
amide 6¢ was obtained as a colourless solid; yield: 300 mg (66%
overall); mp 198°C; 'H NMR (DMSO-dj, 300 MHz): 6 =1.67—
1.87 (m, 3H), 2.09-2.18 (m, 1H), 2.98-3.07 (m, 2H), 3.83-3.87
(m, 1H), 7.98-8.01 (m, 2H), 8.24-8.27 (m, 2H), NH-protons
not visible; *C NMR (DMSO-d;, 75 MHz): 6=23.31 (1),
29.00 (t), 45.27 (t), 61.89 (d), 123.29 (d), 128.38 (d), 148.36
(s), 151.08 (s), 172.09 (s); IR (CsI): ¥=3114, 1680, 1606, 1529,
1354, 1268, 1203, 1148, 836, 740, 614 cm~'; an analytically
pure sample was obtained by recrystallization from methanol;
elemental analysis: calcd. for C;;H;N,0;S: C44.14, H, 438, N
14.04; found: C 44.02, H 4.34, N 13.97.

General Procedure for Aldol Reactions between 4-
Nitrobenzaldehyde and Acetone

In a 10 mL test tube, 4-nitrobenzaldehyde (76 mg, 0.5 mmol)
was dissolved in 5 mL of a 4:1 mixture of the solvent stated
in Table 1 and acetone. Then the catalysts 6a — ¢ (30 mol %:
6a: 40.3 mg; 6b: 57.1 mg, 6¢: 44.9 mg) were added, and the re-
sulting homogeneous solutions were stirred at 20°C for 24 h.
Samples of 100 pL were withdrawn, diluted with 1 mL di-
chloromethane, and conversion and enantiomeric excess was
determined immediately by HPLC (Chiralcel-OJ, n-hexane/
isopropanol, 9:1, 1.0 mL/min). Quantification was performed
using integrated wavelengths from 240-261 nm. Conversion
was determined by comparison to the peak areas of stock so-
lutions of 4-nitrobenzaldehyde and the racemic aldol adduct
4 in dichloromethane (8.27 mmol/L each). Retention times:
tg [min]: 19.73 4-nitrobenzaldehyde; 31.52 (R)-4-hydroxy-4-
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(4-nitrophenyl)butan-2-one 4, 36.99 (S)-4-hydroxy-4-(4-nitro-
phenyl)butan-2-one ent-4.

X-Ray Crystal Structure of the Acylsulfonamide 6a

Crystals suitable for X-ray structural analysis were obtained by
recrystallization from methanol. Crystal data for 6a: C;,H;sN,
0O5S, M =268.33, colourless platelet, 0.25 x 0.15 x 0.15 mm, or-
thorhombic, a=6.123(1), b=7.402 (1), c=27.465(1) A, V=
1244.8(3) A?, space group P2,2,2,, Z=4, peuea=1.432 g-cm >,
pw=0.262 mm !, T=293(2) K. 6188 reflections were measured,
2619 unique, 228 parameters, final residuals were R1=0.034
and ®R2=0.079 for 2368 observed reflections with I >20(1).
Data were collected on a Nonius KappaCCD diffractometer
(20,,... = 54°), Moy, radiation (A=0.71073 A), graphite mono-
chromator, @/m-scans. The structure was solved using direct
methods (SHELXS-97: G. M. Sheldrick, Program for the Solu-
tion of Crystal Structures. University of Gottingen, Germany,
1997), followed by full-matrix least squares refinement (using
all unique reflections) with anisotropic thermal parameters
for C, N, O and S and isotropic parameters for H (SHELXL-
97: G. M. Sheldrick, Program for the Refinement of Crystal
Structures. University of Gottingen, Germany, 1997).
Crystallographic data (excluding structure factors) for the
structure reported in this paper have been deposited with the
Cambridge Crystallographic Data Centre as supplementary
publication no. CCDC-237138. Copies of the data can be ob-
tained free of charge on application to CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK [Fax: int. code+
44(1223)336-033; E-mail: deposit@ccdc.cam.ac.uk].
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