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Abstract

Beginning with enantiomerically pure L-proline, —}-1-methyl-(354R)-3,4-bis((%)-N-(tert-butyloxy-
carbonyl)pyrrolidin-2-yl)-2-pyrrolidinone was prepared in diastereomerically pure form. Taking advantage of the
chiral induction of the L-proline derivatives, the intermolecular Michael reaction, used to build the pyrrolidinone
ring, was carried out stereoselectively. © 1998 Elsevier Science Ltd. All rights reserved.

1. Introduction

Based upon intra- and intermolecular Michael reactions, used for the preparation of carbazoles and
indolocarbazole$, we had synthesized 3,4-disubstituted pyrrolidin-2-one derivafivBarting with
an intermolecular Michael reaction of a nitroethenyl derivative with a 2-substituted methyl acetate,
subsequent reduction of the nitro group afforded a 2,3-disubstituted methyl butanoate. The following
aminolysis of the butanoate yielded the aspingtéactam. Diastereo- and enantioselective Michael
reactions are well knowf.In most cases, the chiral information is transferred by using chiral amines,
lithium amides as baség;d chiral phase transfer catalysts; chiral crown ethers with complexed
potassium basée¥ transition metal complexes, or chiral Michael dongt©ur method (chiral Michael
donor and chiral Michael acceptor) shows a good chiral induction when using L-proline derivatives, and
yielded a stereoisomeric pure diastereomer.

* Corresponding author. E-mail: siavosh.mahboobi@chemie.uni-regensburg.de

0957-4166/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PIl: S0957-4166(98)00241-9



2370 S. Mahboobi et al./ Tetrahedrossymmetry9 (1998) 2369-2376

2. Results and discussion

Starting fromN-Boc-L-proline 1, we synthesised both the Michael dor&and the Michael acceptor
6. We obtained2 according to the procedure of Ondetti et'dly an Arndt—Eistert-homologisation of
1. According to Casal et &l.this homologisation proceeds with retention of the configuration of the
stereocentre in the pyrrolidine ring. Methyl 2-§2N-tert-butyloxycarbonylpyrrolidin-2-yl)acetat2 is
knowrf but has not been fully characterised.

Compound4 was prepared frorti by known methods! Treatment o# with nitromethane afforded the
nitro-alcohol5, which was converted to the nitroalke@&y a modified route for the dehydration of nitro-
alcohols. In a one-pot reaction, a better leaving group was introduce8 liiytasing CHSO,Cl followed
by the B-elimination with triethylaminé (Scheme 1). The resulting crude mixture was chromatographed
directly without any work-up because otherwise the product underwent rapid decomposition in the
presence of water.
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Scheme 1. (i) 1. CBN,, 2. AgOBz/MeOH; (i) BHs- S(CH)s; (iii) DMSO, C,0,Cly; (iv) CHsNO,, KOH; (v) 1. CHSO,CI, 2.
NEt;

The Michael reaction o and 6 at —78°C with lithium diisopropylamide as a base, followed by
warming of the reaction mixture to room temperature yielded the nitrobutafodtée did not detect
the presence of diastereomers by thin-layer chromatography, developed in various solvent systems.
Furthermore, to be sure that no mixture of diastereomers had been formed, the residue of the reaction
was fractionated by column chromatography. The separated fractions were first analysed by mass
spectrometry (FAB method) to locate proddctFrom those fractions containiri§y we determined the
specific rotationf«]3° and also analysed tHéi-NMR spectra. All fractions showed the same rotation
[0(]%0:—79i2. ThelH-NMR spectra of various fractions showed no significant differences that would
indicate the formation of diastereomers, even when taken at elevated temperatures (T=343, 373, 403
K). Therefore, we assume a diastereomeric excess >95%. Nevertheless, the t.l.c. detected product was
completely processed in this and in all the following purification and work-up steps.

The high diastereoselectivity in this reaction can be explained by the possible transition state of the
Michael reaction. Assuming that both reactants are represented by low-energy conformations similar
to those shown in Fig. 1, the phenomenon of matched pairs in double diastereoselective reactions can
be used to describe the effects of the steric hindrance by the substituents at the reacting centres on the
course of reactiofi.In Fig. 1 compound? is represented by its lithium enolate intermediate. In the
transition state the two bulky pyrrolidine substituents adopt an antiperiplanar conformation, so pointing
to opposite directions. Only the two small pyrrolidine 2-H atoms point directly to the reaction partner.
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Fig. 1. Newman projection: possible transition state

This configuration of Michael donor and Michael acceptor is the only one that allows an approach of the
reaction centres with a minimum of unfavourable steric interaction. This transition state already preforms
the strans conformation of the two pyrrolidine substituents in compo@nd

The formation of the lactam was accomplished by reduction ofth@érobutanoate’ with Ho/Raney-
Ni and subsequent refluxing of the crude amine in toluene. Purification by column chromatography
afforded the pyrrolidinon® (Scheme 2). The Boc-protecting groupsSofiere removed with trimethyl-
silyliodide (TMSI) and acetic acid; the free baSewas converted into its hydrochloride by ethereal
hydrochloric acid. The reaction of the lactam nitrogerBafith methyl iodide and NaH yielded 80%
of the title compound.0. CompoundL0 forms uniform crystals for X-ray crystal structure analysis. For
8 and9, no mixtures of diastereomers could be detected, either by t.l.c. BiyMR spectroscopy.
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Scheme 2. (vi) LDA, THF~78°C to room temp.; (vii) 1. Raney-Ni&2. A, toluene; (viii) 1. TMSI, CHC}, 2. AcOH, 3.
NaOH, 4. E;O, HCI; (ix) 1. NaH, 2. CH

2.1. X-Ray crystal structure analy3is

The absolute configuration of the stereocentres #)-I-methyl-(F54R)-3,4-bis((Z)-N-(tert-
butyloxycarbonyl)pyrrolidin-2-yl)-2-pyrrolidinond.0 was established by X-ray single crystal structure
analysis. A single crystal 010, crystallising from ether by slow evaporation of the solvent, with
the approximate size of 0.%®.512<0.96 mn? was employed. The compound crystallises in the
orthorhombic space group P22; with a=6.1554(1) A, b=16.7974(3) A andc=23.6797(5) A;
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Fig. 2. X-Ray structure of {)-1-methyl-(354R)-3,4-bis((Z)-N-(tert-butyloxycarbonyl)pyrrolidin-2-yl)-2-pyrrolidinonel0

showing crystallographic numbering scheme

V=2448.33(8) R, Z=4, D.=1.187 g cm?, pu=0.86 mntl. The intensities were measured on an
Enraf—Nonius Turbo-CAD4 diffractometer in the/20 scan mode. The total 5220 (with Friedel Pairs)
reflections in the range of 1.59<75° utilising Cukx radiation A=1.5418 A) and 4622 unique
reflections were used for the structure determination. The structure was solved by direct methods
using SIR92° and refined by full matrix least squares (SHELXL83with anisotropic displacement
parameters for the non-hydrogen atoms. The positions of the hydrogen atoms were obtained from
difference Fourier maps and refined isotropically. The final R1-value is 0.0435 for 4360 reflections
with |>20(l). The absolute configuration was established using the Flack paramre@®91(20)]12

Fig. 2 shows a view (ORTEP plot, thermal ellipsoids for 40% probabfljtpf the molecule with the
numbering system.

We conclude that our method, which uses two chiral parent compounds for Michael reactions with their
stereogenic centres near the reacting centre, is applicable for the introduction of two new stereogenic
centres in a nitrobutanoate. These two new chiral centres preform the stereogenic information for the
3- and 4-position of the desiregilactam. Good overall yields and a high diastereoselective excess in
the main step are promising features of this reaction. We now are exploring further applications for this
highly diastereoselective Michael reaction.

3. Experimental
3.1. General

Melting points were recorded on a Reichert Thermovar 300419 microscope heating stage and are not
corrected. Proton nuclear magnetic resonance spectra were recorded on a Bruker ARX400 (400 MHz), a
Bruker AC250 (250 MHz), or a Varian EM 390 (90 MHz) spectrometer. All chemical shifts are quoted
on the é-scale. The following abbreviations were used to explain multiplicities: s, singlet; d, doublet;
dd, double doublet; m, multiplet; br., broad. Mass spectra were recorded on a Varian MAT 112 S, 70
eV using electron impact ionisation (El) or on a Finnigan MAT 95 for field desorption (FD) or atomic
bombardment (FAB) as stated. Optical rotations were measured on a Perkin—Elmer 241 MC polarimeter.
FT-IR spectroscopy was performed on a Nicolet 510 FT-IR spectrometer. Microanalyses were performed
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by Analytisches Lab. Univ. Regensburg. Thin layer chromatography (t.l.c.) was carried out on Al-sheets
coated with 60F45 silica. Compounds were detected using a spray of 3% w/v vanillin in 96% ethanol
and 5% w/v HSO, in 96% ethanol. Column chromatography was carried out using Merck 60 (70-230
mesh ASTM) silica. Solvents and commercially available reagents were dried and purified before use
according to standard procedures. All reactions were carried out under driedlBime- or oven-dried
vessels.

3.2. Methyl 2-((&)-N-tertbutyloxycarbonylpyrrolidin-2-yl)acetat2

tert-Butyloxycarbonyl-L-prolinel (5.00 g, 23.2 mmol) was dissolved in dry diethyl ether (50 ml) and
triethylamine (3.24 ml, 23.2 mmol). The solution was cooled and stirreda€, and ethyl chloroformate
(2.27 ml, 23.2 mmol) was added. After 5 min, the triethylamine hydrochloride precipitate was filtered
off, and an ether solution of diazomethane (prepared from 6.50 g (63.1 mhrodthylN-nitrosourea)
was added to the filtrate. The reaction mixture was stirred for 16 h at 5-20°C, the solvent was removed
vacug the oily, yellow residue was dissolved in ethyl acetate (30 ml) and washed with saturated sodium
hydrogen carbonate solution (20 ml) and water (20 ml). The organic layer was dried of&0ONand
concentrated to drynegs vacua The crude diazomethyl ketone (3.75 g) was dissolved in dry methanol
(16 ml), and 10 drops of a solution of silver benzoate (0.45 g) in dry triethylamine (4.20 ml) were added
with stirring. Evolution of N and an increase of temperature were observed. The mixture was stirred
at room temperature for 10 h, treated with activated charcoal and concentrated to dnweess The
black, oily residue was dissolved in ethyl acetate and washed until neutral. After drying o&0f\a
the solvent was removed vacuoand the residue was purified by column chromatography (GHGI
yield the methyl esteR as a colourless oil (2.46 g, 10.1 mmol, 44%13°=—38.8 (c=16, MeOH);
IR (film): v (cm™1)=2977, 2880 (CH); 1740, 1697 (COY4-NMR (CDCls, 90 MHz): § (ppm)=3.67
(s; 3H, COOCH), 3.27-3.43 (m; 2H, N-C}J, 2.75-2.97 (m; 1H, N—CH), 1.71-2.56 (m; 6H), 1.47 (s;
9H, C(CHb)3); EI-MS: m/z (%)=243 (4) [M"], 187 (9) [M—C4Hsg]™", 170 (8) [187OH]", 142 (35)
[M —C(CHz)3—O-C=0]", 70 (100) [GHgN]*; anal. calcd for @H21NO, (243.30): C 59.24; H 8.70; N
5.76. Found: C 58.45; H 8.68; N 5.70.

3.3. (X5)-N-(tert-Butyloxycarbonyl)-2-(2-nitro-hydroxyethyl)pyrrolidirte

Compound4 (0.50 g, 2.51 mmol) was dissolved in freshly distilled nitromethane (1.50 ml, 28.1 mmol)
and 5 drops of a 3 N solution of KOH in methanol were added. The mixture was stirred for 1 h at
room temperature, 1 drop of conc &0, was added and the resulting mixture was stirred for another
hour until pH 2—-3 was reached. Subsequently, the mixture was transferred directly to a chromatography
column (CHC$) without any previous work-up and the product was separated. Removing the solvent
under reduced pressure gave a colourless oil, which later crystallised at the oil-pump. The nitro alcohol
5(0.63 g, 2.42 mmol, 96%) was isolated as colourless needles melting between 57 and 94°C (mixture
of diastereomers); IR (film)y (cm~1)=3404 (OH); 2979, 2934, 2890 (CH); 1671 (CO); 1557 (NO);
1H-NMR (CDCls, 90 MHz): § (ppm)=4.35-4.53 (m; 2H, CHNO), 3.89-4.09 (m; 2H), 3.13-3.60
(m; 2H), 1.76-2.44 (m; 4H), 1.49 (s; 9H, C(GH); EI-MS: m/z (%)=200 (0.1) [M-CH,NO,]*, 187
(8) [M—C4Hg0]*, 170 (26) [M-CH(OH)-CHNO,]*, 70 (100) [GHgN]*; anal. calcd for GH20N20s
(260.29): C50.76; H 7.74; N 10.76. Found: C 50.69; H 7.64; N 10.68.
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3.4. (X5)-N-(tert-Butyloxycarbonyl)-2-(2-(E)-nitroethenyl)pyrrolidirg

Compoundb (1.00 g, 3.84 mmol) was dissolved in dry methylene chloride (2 ml) at 0°C, and methane
sulfonylchloride (0.44 ml, 1.73 mmol) was added dropwise over 15 min. Dry triethylamine (1.00 ml, 6.92
mmol) was then added dropwise, and the reaction mixture was stirred for 15 min at 0°C. Without any
previous work-up the mixture was immediately chromatographed (gHThe solvent was evaporated
under reduced pressure and the resulting yellow oil crystallised after several days in the refrigerator,
yielding the nitroethené (0.88 g, 3.63 mmol, 95%) as yellow crystals; m.p. 40P@]2°=—81.7 (c=8,
MeOH); IR (film): v (cm~1)=3108, 2979, 2934, 2882 (CH); 1694 (CO); 1526 (N&J:NMR (CDCls,

250 MHz): § (ppm)=7.13 (dd;J;=13.2 Hz,J,=6.0 Hz, 1H, B=CH-NQ,), 6.97 (d;J=13.2 Hz, 1H,
CH=CH-NO), 4.45-4.57 (m; 1H, N—CH), 3.44 (br. s; 2H, N-@H2.17 (m; 1H), 1.82-1.99 (m; 3H),
1.44 (s; 9H, C(CH)3); EI-MS: m/z (%)=242 (1) [M'], 196 (0.2) [M—NO3]*, 186 (8) [M—C4Hsg]*", 169
(10) [M—C4HgO]*, 70 (11) [GHgN]*, 57 (100) [GHo]*; anal. calcd for @iH1gN204 (242.28): C 54.53;
H 7.49; N 11.56. Found: C 54.53; H 7.33; N 11.61.

3.5. (-)-(2S,3R)-Methyl 4-nitro-2,3-bis((8)-N-(tert-butyloxycarbonyl)pyrrolidin-2-yl)butanoaté

To a solution of dry diisopropylamide (3.80 ml, 26.0 mmol) in dry THF (9.2 ml) in a three-necked
flask, equipped with a deep-temperature thermometer and a septum, wasa®laded(10.2 ml, 16.2
mmol) at —78°C within 30 min. After stirring at 0°C for 30 min and recooling #/8°C, 2 (3.00
g, 2.3 mmol), dissolved in dry THF (40 ml), was added by a syringe within 30 min. The resulting
mixture was stirred for 30 min at78°C and subsequently (3.60 g, 14.9 mmol), dissolved in dry
THF (30 ml), was added by a syringe. The resulting mixture was stirred overnight and allowed to warm
to room temperature. Standard NE solution (100 ml) was added in one portion. The organic layer
was separated and the aqueous layer was extracted with diethyl ether (500 ml). The combined organic
layers were dried over N8Oy, and the solvent was evaporatedvacua Purification of the yellow
residue by column chromatography {§Bthexane=1:1) and recrystallisation from pentane yielded the
pure nitrobutanoat& as a single diastereomer (4.61 g, 9.49 mmol, 77%). Colourless powder; m.p.
52-54°C;[x]3’=-79.0 (c=10.2, MeOH); IR (KBr)v (cm 1)=2977, 2889 (CH); 1737, 1698 (CO);
1553 (NO);1H-NMR (C,D,Cls, 400 MHz, 403 K):8 (ppm)=4.58—-4.94 (m; 2H), 3.99-4.21 (m; 2H),
3.62-3.66 (m; 3H), 3.42-3.48 (m; 2H), 3.09-3.29 (m; 3H), 2.79-2.82 (m; 1H), 1.70-2.04 (m; 8H),
1.43-1.46 (m; 18H); FD-MS: m/z=486 [M]; EI-MS: m/z (%)=485 (0.1) [M'], 439 (0.2) [M—NO-]",

356 (1) [M—C4HgOJ*, 170 (26) [(GH7N)-Boc]", 70 (77) [GHgN]*, 57 (100) [GHo]*; anal. calcd for
Ca3H39N303 (485.58): C 56.89; H 8.10; N 8.65. Found C 56.71; H 7.77; N 8.63.

3.6. (-)-(3S,4R)-3,4-Bis((&)-N-(tertbutyloxycarbonyl)pyrrolidin-2-yl)-2-pyrrolidinon8

A solution of 7 (4.50 g, 9.27 mmol) in dry diethyl ether (25 ml) and dry ethanol (25 ml) was
hydrogenated over Raney-Ni (10 g) with 12 bar. After 48 h the autoclave was flushed with nitrogen,
the reaction mixture was filtered through Céfitand the Celit® pad was washed with warm ethanol.
The solvent was evaporated under reduced pressure, the residue dissolved in toluene (75 ml) and the
mixture refluxed for 2 h. The toluene was removiedvacuo and the residue purified by column
chromatography (CkCly:ethyl acetate:methanol=3:3:0.5) affording the pyrrolidin@é3.48 g, 8.22
mmol, 89%) as a colourless, amorphous powder; m.p. 186-188[5¢150=—90.0 (c=0.33, MeOH);
IR (KBr): v (cm 1)=3397 (NH); 2975 (CH); 1694 (CO}H-NMR (C;D2Cls, 400 MHz, 373 K):8
(ppm)=5.10-5.37 (m; 1H), 3.75-4.56 (m; 2H), 3.07-3.68 (m; 6H), 2.23-3.07 (m; 1H), 1.52-2.07 (m;
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7H), 1.33-1.49 (m; 20 H); FD-MS: m/z=423 [M; anal. calcd for G,H37N3Os (423.55): C 62.39; H
8.80; N 9.92. Found C 62.08; H 8.59; N 9.79.

3.7. (+)-(35,4R)-3,4-Bis((B)-pyrrolidin-2-yl)-2-pyrrolidinonedihydrochlorid®

A solution of8 (0.10 g, 0.22 mmol) in dry chloroform (2.2 ml) was cooled to 0°C, and trimethylsilyl
iodide (TMSI) (0.17 ml) was added dropwise by a syringe. After 10 min stirring at room temperature
methanol (1.2 ml) was added in one portion. After 5 min all volatile components were renmov@clio
and the residue was dissolved in diethyl ether (4 ml) and acetic acid (4 ml, 30%). The aqueous layer
was separated, washed with diethyl ethex%2ml) and evaporated to dryness vacua The brown
residue was stirred with a mixture of 6 N NaOH (10 ml) and methylene chloride (10 ml) for 12 h. The
organic layer was separated, dried over8l@ and concentrated to dryness. The white residue was
dissolved in diethyl ether (3 ml) and a standard ethereal solution of HCI (2 ml) was added dropwise. The
white precipitate was filtered off and recrystallised from methanol, affor@lihgdrochloride (50.3 mg,

0.17 mmol, 75%) as colourless crystals; m.p.: 236—-237°C (decomp]§’=+44.3 (c=0.79, MeOH);

IR (KBr): v (cm 1)=3537, 2761 (NH); 2942 (CH); 1700 (CO}H-NMR (CD30OD, 250 MHz): §
(ppm)=3.64-3.80 (m; 3H), 3.30-3.42 (m; 5H), 2.74-2.85 (m; 1H), 2.60-2.66 (m; 1H), 2.28-2.45 (m;
2H), 1.66-2.20 (m; 6H); FAB-MS: m/z=224 [M+H]; anal. calcd for GH23CI,N30-0.5H,0 (305.25):

C 47.22; H7.90; N 13.77; Found: C 47.23; H 7.20; N 13.79.

3.8. (-)-1-Methyl-(F,4R)-3,4-bis((B)-N-(tert-butyloxycarbonyl)pyrrolidin-2-yl)-2-pyrrolidinon&0

Compound8 (0.30 g, 0.71 mmol) was dissolved in dry THF (30 ml), NaH (27.5 mg, 0.92 mmaol,
80% suspension in oil) was added, and the mixture was refluxed for 1 h. After cooling to room
temperature methyl iodide (8.80 ml, 0.14 mol) was added, and the mixture was refluxed for 1 h.
After cooling, water (5 ml) was added carefully. The organic layer was separated and the aqueous
layer was extracted with diethyl ether (50 ml). The combined organic layers were dried a&ONa
and the solvent was removed under reduced pressure. The resulting brown residue was purified by
column chromatography (ethyl acetate:hexane=1:1) and the product was recrystallised from diethyl ether,
yielding the N-methylpyrrolidinone10 (0.25 g, 0.57 mmol, 80%) as colourless, cubic crystals; m.p.
143-145°C{x]13’=-113.4 (c=1.7, MeOH); IR (KBr)y (cm~1)=2975, 2934, 2884 (CH); 1690 (CO);
1H-NMR (CDClz, 400 MHz): 8 (ppm)=3.70-4.30 (m; 4H), 3.07-3.70 (m; 7H), 2.83 (s; 3H, N=lGH
1.65-2.33 (m; 10H), 1.49 (s; 15H); FD-MS: m/z=4371\) anal. calcd for G3H3gN3Os (437.58): C
63.13; H 8.98; N 9.60. Found: C 63.17; H 8.97; N 9.42.

References

1. (&) Mahboobi, S.Pharm. uns. Zeitl991 20, 129. (b) Mahboobi, S.; Burgemeister, T.; Kastner, A¢ch. Pharm.
(Weinheim, Ger.)1995 328 29-38. (c) Mahboobi, S.; Kuhr, SArch. Pharm.(Weinheim, Ger.)1995 328 45-52. (d)
Mahboobi, S.; Kuhr, S.; Koller, M.Tetrahedron1996 52, 6373—-6382. (e) Mahboobi, S.; Koller, M5ci. Pharm 1995
63, 328. (f) Mahboobi, S Arch. Pharm (Weinheim, Ger.1992 325 249-250 and literature cited therein.

2. Mahboobi, S.; Popp, A., in preparation.

3. (a) Colonna, S.; Hiemstra, H.; Wynberg, Bl. Chem. Soc., Chem. Comm@878 238-239. (b) Hermann, K.; Wynberg,
H., J. Org. Chem1979 44, 2238-2244. (c) Matsumoto, K.; Uchida, Them. Lett1981, 1673-1676. (d) Juaristi, E.;
Beck, A. K.; Hansen, J.; Matt, T.; Mukhopadhyay, T.; Simon, M.; Seebaclgymthesid993 1271-1290. (e) Annunziata,
R.; Cinquini, M.; Colonna, S.J. Chem. Soc., Perkin Trans.198Q 2422-2424. (f) Colonna, S.; Re, A.; Wynberg, 8.,
Chem. Soc., Perkin Trans. 1981, 547-552. (g) Cram, D. J.; Sogah, G. D. ¥.,Chem. Soc., Chem. Commua98],



2376 S. Mahboobi et al./ Tetrahedrossymmetry9 (1998) 2369-2376

o

10.

11.

12

625-628. (h) Brunner, H.; Hammer, BAngew. Chem1984 96, 305-306. (i) Mukaiyama, T.; Hirako, Y.; Takeda, T.,
Chem. Lett1978 461-464. (j) Blarer, S. J.; Seebach, Ohem. Ber1983 116, 3086—3096. (k) d’Angelo, J.; Desmaele,
D.; Dumas, F.; Guingant, ATetrahedron: Asymmetrd992 3, 459-505.

. Ondetti, M. A.; Engel, S. LJ. Med. Chem1975 7, 761-763.

Cassal, J.; First A.; Meier, WHelv. Chim. Actdl976 59, 1917-1924.

. Leyendecker, F.; Jesser, F.; Laucher,Tetrahedron Lett1983 24, 3513-3516. Leyendecker, F.; Jesser, F.; Laucher, D.;

Ruhland, B.Nouv. J. Chim1985 9, 7-12. Knight, D. W.; Share, A. C.; Gallagher, P. X.Chem. Soc., Perkin Trans. 1
1991 6, 1615-1616. Knight, D. W.; Share, A. C.; Gallagher, PGlazz. Chim. Ital1991, 121, 49-50.

. Melton, J.; McMurry, J. EJ. Org. Chem1975 40, 2138-2139.
. Masamune, S.; Choy, W.; Petersen, J. S.; Sita, RAigew. Cheml985 97, 1-31.Angew. Chem. Int. Ed. Endl985 24,

1-30.

. Crystallographic data (excluding structure factors) for the reported structure have been deposited with the

Fachinformationszentrum Karlsruhe as supplementary publication no. CSD-408739. Copies of the data can be
obtained on application to Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen (e-mail: crysdata@FIZ-
Karlsruhe.de).

Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Burla, M. C.; Polidoni, G.; Camabli, Mpl. Cryst1994

27, 435.

Sheldrick, G. M., SHELXL-93, Program for Crystal Structure Refinement, University of Géttingen, Germany, 1993.

. Flack, H. D. Acta Cryst.1983 A 39, 876-880.
13.

Burnett, M. N.; Johnson, C. K., ORTEP-III: Oak Ridge Thermal Ellipsoid Plot Program for Crystal Structure Illustrations,
Oak Ridge National Laboratory Report ORNL-6895, 1996.



