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The use of chiral selenium electrophile 6 generated in situ atoms can be generated selectively with diastereo-
selectivities up to 85% when geminal disubstituted alkenesfrom the chiral diselenide 5 in asymmetric ring closure

reactions of unsaturated alcohols, carboxylic acids and are used. The cyclization of vinylic silanes leads to versatile
building blocks for further synthetic transformations.carbamates is presented herein. Tetrasubstituted carbon

Introduction Scheme 1

The synthesis of optically pure heterocyclic compounds
containing stereogenic centers is still of high interest in or-
ganic synthesis. Due to their wide occurence in natural
products and in biologically active compounds cyclic ethers
or lactones as well as N-heterocycles provide interesting tar-
gets for synthetic strategies.

Besides many other approaches, the synthesis of hetero-
cycles via cyclization of alkenes containing internal nucleo-
philes have been performed with a variety of electrophiles
such as H1, Br1, I1, PbIV, HgII, TlI, TlIII, or PhS1. [1a] The
reactions of alkenes with organoselenium reagents gained be essential for the yield as well as for an efficient transfer
increased popularity because the products are β-substituted of chirality. No competition of an intermolecular attack of
selenium derivatives which can be employed in further the seleniranium ion by methanol was observed. [2a] [4b] [7]

transformations. [1] Asymmetric functionalizations of al- Methanol is assumed to stabilize the seleniranium ion
kenes with chiral selenium electrophiles were performed by which is obviously important for the cyclization reaction.
us[2] and by other research groups. [3] [4] [5] [6] The application
of chiral selenium electrophiles in cyclizations of alkenes

Scheme 2bearing an internal nucleophile are described herein.

Results and Discussion

The first step in the cyclization of alkenes 1 is the activation
of the C5C double bond by addition of a selenium elec-
trophile. This results in the formation of a seleniranium ion
2, which is subsequently attacked by the nucleophile from
the anti-side. Depending on the ring size and the substi-
tution pattern, the addition can occur either by an exo or We performed cyclizations with different substituted

homoallylic alcohols 7210. The results presented in Tablean endo pathway leading to the products 3 or 4, respectively
(Scheme 1). 1 show a cyclization in an 5-endo mode.

The stereochemical course of the cyclization reactionThe cyclizations are performed with the chiral selenium
electrophile 6 which is generated from diselenide 5. Initial with diselenide 5 is the same as in the intermolecular meth-

oxyselenenylation reaction which we investigated in de-attempts were carried out under the same reaction con-
ditions as for the asymmetric selenenylation without meth- tail. [8] The cyclization of homoallylic alcohol 7 (R 5 Ph)

leads to a newly formed stereocenter in 2-position of theanol. Methanol was thought to interfere with the internal
nucleophile. But in contrast to the intermolecular reaction, tetrahydrofuran derivative 19 with (R) configuration

formed by re-attack of the selenium electrophile 6. Thethe cyclized products were obtained in low yields and
stereoselectivities. The presence of methanol was found to absolute stereochemistry was assigned after radical cleav-
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Scheme 3Table 1. Cyclization products of homoallylic alcohols 7218

group on the selenium. The attack of the nucleophile leads
then to inverse stereochemistry in product 20.

While a bulkier side chain like R 5 cyclohexyl in 9 leads
to a diastereoselectivity of 49% in the product 21, no selec-
tivity is observed in the cyclization of (E)-3-hexen-1-ol 10.
The cyclization of (Z)-4-phenyl-3-buten-1-ol 33 could not
be achieved with selenium electrophile 6 underlining the re-
duced reactivity of selenium electrophiles towards (Z)-al-
kenes. Even the cyclization of 33 with phenylselenyl triflate
yields the syn-addition product 34 in only 20% yield, while
the cyclization of 7 gave the anti-addition product 35 in
73% yield.

Scheme 4

If the reaction is carried out with α,α-disubstituted al-
kenes, the formation of asymmetric tetrasubstituted carbon
atoms is possible. These are not easily accessible by other
methods. [12] Cyclization of alcohol 12 generates the 2,2-di-
substituted tetrahydrofuran derivative 24 with good dia-
stereomeric excess. The cyclization of the corresponding
carboxylic acid 13 yields the 5,5-disubstituted tetrahydrofu-age[9] of the selenium moiety to give the known (S)-2-phe-

nyl-tetrahydrofuran.[10] ranon derivative 25 in even better yield and selectivity
(85% de).An exception is observed when the tert-butyl-substituted

alkene 8 is used. The stereochemistry of the major product In these examples the cyclization occurs via a 5-exo-path-
way driven by activation of the benzylic position. The20 is opposite to that of 19 with the phenyl substituent

which corresponds to a si-attack of the selenium electro- stereochemical course of the reaction is similar to the one
described for alkene 7 and for the intermolecular methoxy-phile 6 to the alkene 8. [11] Calculations of the dia-

stereomeric seleniranium ions[8] show that the most stable selenenylation reaction.[8] The selenium electrophile 6 at-
tacks the alkene predominantly from the si-face leading tointermediate with a phenyl substituent is likely to have

structure 31. After anti-attack of the nucleophile the prod- a more stable seleniranium ion. Therefore, the subsequent
anti-attack of the nucleophile leads to (R) configuration atuct with (R,R) stereochemistry at the newly formed chiral

centers is obtained. Assuming the same orientation of the the benzylic carbon atom.
Even cyclizations with nitrogen nucleophiles can besubstituent for the tert-butyl case as shown in 32a a great

steric interaction would occur. We assume that the most achieved. A cyclization did not occur when free amines or
acetylated amines are employed as intramolecular nucleo-stable intermediate in the tert-butyl case will be 32b where

the bulky group has a smaller interaction with the aryl philes. The protection of the nitrogen as a carbamate with
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Scheme 6increased nucleophilicity is required for cyclization. This be-

haviour was already observed in the synthesis of the tetra-
hydroisoquinoline alkaloid salsolidine by intramolecular
selenium-mediated cyclization.[13] The cyclization of carba-
mate 14 leads to the pyrrolidine derivative 26.

Although high stereoselectivities are obtained with aro-
matic alkenes, the synthetic potential of the asymmetric ox- The tin-substituted alkene 39 could not be cyclized with

the selenium electrophile 6. Under the reaction conditionsyselenenylation reaction would increase if other alkenes
could be used. Vinylic silanes are interesting precursors and a substitution of the tributyltin moiety by an arylseleno

group takes place.easily accessible. [14] After methoxyselenenylation of the al-
kene 36 the product 37 was obtained in 52% yield and with

Conclusions85% de. The silicon functionality neighboring the selenium
allows further transformations. After oxidation of the selen- The cyclizations of different alkenes bearing internal nucle-
ide to the selenoxide with sodium periodate a Pummerer- ophiles with the chiral selenium electrophile 6 generated
type rearrangement[15] yields the α-methoxy substituted al- from diselenide 5 are presented. Cyclizations leading to chi-
dehyde 38. Compound 38 was shown to have (R) configura- ral tetrasubstituted carbon atoms are performed with good
tion which was confirmed by independent synthesis. [16] diastereoselectivities. By cyclization of silicon-substituted

alkenes chiral building blocks for further synthesis are ob-
tained with good selectivities.

This work was supported by the Stipendienfonds der BaslerScheme 5
Chemischen Industrie (scholarship for G. F.), the Schweizer Nation-
alfonds, the Deutsche Forschungsgemeinschaft, and by the Treubel-
Fonds (scholarship for T. W.). We thank Prof. B. Giese for his con-
tinuous interest and generous support.

Experimental Section
General: All reactions were performed under argon with anhy-

drous solvents. 2 1H- and 13C-NMR spectra were recorded with a
Subsequently we employed vinylic silanes like 15 in cycli- Varian Gemini 300 spectrometer (300 MHz and 75 MHz for 1H

zation reactions. The compound obtained was, however, not and 13C, respectively) or Bruker 600 spectrometer (600 MHz for
1H), chemical shifts are reported in ppm relative to tetramethylsil-the cyclized product. The addition product 27 was isolated
ane as internal standard, coupling constants in Hz. Multiplicitieswhere methanol has added in β-position to the silicon atom
in the 13C-NMR spectra were determined by the APT puls se-because of the β-silicon effect. [17] The attack of the internal
quence. 77Se-NMR spectra were recorded with a Varian Gemininucleophile to the β-carbon atom would occur in a 4-exo-
400 spectrometer (76 MHz) or a Bruker 600 spectrometer (114pathway and is disfavoured. Therefore the methanol present
MHz) with diphenyl diselenide (δ 5 475) as external standard. 2

in the reaction mixture adds to the seleniranium ion yield- IR spectra were measured with a Perkin-Elmer 781 spectrophoto-
ing 27 with 78% de. meter. 2 MS spectra and HRMS measurements were recorded with

Vinylic silanes of type 16 could, however, cyclize via a 5- a Finnigan MAT 312 apparatus. 2 Optical rotations were meas-
endo pathway to 3-substituted tetrahydrofuran derivatives. ured with a Perkin-Elmer 141 polarimeter.
Compound 16 is not an appropriate precursor for an ef- The alkenes were synthesized according to following literature
ficient selenium induced cyclization because of the poor procedures: 7, 8, 9 by selective addition of the corresponding grig-
diastereoselectivities obtained in product 28. nard compound to 2,3-dihydrofuran,[19] 10 by reduction of 2,4-

Therefore, we focussed our interest on vinylic silanes of hexadienoic acid with lithium in liquid ammonia to (E)-3-hexenoic
type 17. The cyclization is also supported by the β-silicon acid and subsequent reduction with LiAlH4,[20] 11 by addition of

malonic acid to phenylacetaldehyde,[21] 13 by Wittig reaction of 3-effect and occurs in a 5-exo-pathway with high stereoselec-
benzoylpropionic acid with methyltriphenylphosphonium bromide,tivities. The Pummerer-reaction could not be performed
12 was synthesized by reduction of 13 with LiAlH4, 14 was synthe-successfully in this case because of the stereochemical la-
sized from 12 by a synthetic sequence of mesylation, reaction withbility of the resulting 1-formyl-tetrahydrofuran.[18] The use
potassium phthalimide, reduction to the amine and Boc-protection,of these products in further synthetic sequences is currently
15, 16, and 17 were synthesized by selective hydrosilylation of 3-

under investigation. butyn-1-ol and 4-pentyn-1-ol respectively, [14] 18 was obtained by
The moderate yield of the cyclization reaction with vi- oxidation of 17 with CrO3,[22] 33 by addition of phenylacetylene to

nylic silanes is probably due to the low reactivity towards oxirane[23] and subsequent hydrogenation with Lindlar catalyst (Z/
the selenium electrophile. No side reactions are observed E 21:1), 36 was synthesized by reduction of 1-phenyl-2-trimethyl-
and after the reactions the vinylic silanes can be recovered. silyl acetylene with DIBAL,[24] and 39 by reaction of tributyltin

hydride with 3-butyn-1-ol (E/Z 1.5:1). Spectroscopic data for theIn all the cyclizations mentioned above the use of a car-
alkenes: 7, [25] 8, [26] 10, [25] 11, [27] 12, [28] 13. [29]boxylic acid instead of a hydroxy group as internal nucleo-

phile did not influence the yields and the stereoselectivities (E)-4-Cyclohexyl-3-buten-1-ol (9): Colorless oil. 2 1H NMR
(CDCl3, 300 MHz): δ 5 1.0021.70 (m, 10 H, 5 3 CH2), 1.8522.00of the reactions (see alkenes 11, 13, 18).
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(m, 1 H, CH), 2.12 (s, 1 H, OH), 2.24 (q, J 5 6.5 Hz, 2 H, at 0°C. The mixture was stirred at room temperature for 24 hours.

After the addition on 1  HCl (2 ml) the mixture was extractedCH2CH2OH), 3.60 (t, J 5 5.8 Hz, 2 H, CH2OH), 5.43 (dtd, J 5

15.4 Hz, J 5 6.8 Hz, J 5 1.1 Hz, 1 H, CHCH5CH), 5.50 (dd, J 5 with tert-butyl methyl ether (3 3 10 ml). The organic phase was
dried (MgSO4), evaporated and the residue purified by flash chro-15.4 Hz, J 5 6.5 Hz, 1 H, CHCH5CH). 2 13C NMR (CDCl3, 75

MHz): δ 5 26.0 (t, 2 C, CH2), 26.1 (t, CH2), 33.0 (t, 2 C, CH2), matography (silica gel, tert-butyl methyl ether) yielding the acetyl
protected amine (175 mg, 0.86 mmol, 86%). Colorless oil. 2 1H35.9 (t, CH2CH2OH), 40.6 (d, CH), 62.0 (t, CH2OH), 123.0 (d,

CHCH5CH), 139.9 (d, CHCH5CH). 2 IR (CHCl3): ν̃ 5 3333, NMR (CDCl3, 300 MHz): δ 5 1.59 (quint., J 5 7.4 Hz, 2 H,
CH2CH2N), 1.93 (s, 3 H, CH3), 2.54 (td, J 5 7.5 Hz, J 5 1.0 Hz,2919, 2850, 1448, 1369, 1349, 1048, 969, 892 cm21. 2 MS (EI): m/z

(%) 5 154 (22) [M1], 136 (66), 121 (61), 107 (77), 94 (80), 81 (100), 2 H, 5CCH2), 3.24 (q, J 5 6.8 Hz, 2 H, CH2N), 5.07 (q, J 5 1.3
Hz, 1 H, C5CHH), 5.28 (d, J 5 1.3 Hz, 1 H, C5CHH), 5.63 (s,67 (87), 55 (32), 41 (44).
br, 1 H, NH), 7.2027.40 (m, 5 H, arom. CH). 2 13C NMR (CDCl3,Methanesulfonic Acid 4-Phenylpent-4-enyl Ester: Triethylamine
75 MHz): δ 5 23.2 (q, CH3), 28.0 (t, CH2CH2N), 32.7 (t, 5CCH2),(6.55 ml, 47 mmol) was added dropwise to a solution of 12 [28] (1.52
39.3 (t, CH2N), 112.8 (t, C5CH2), 126.1 (d, 2 C), 127.5 (d), 128.4g, 9.4 mmol) and methanesulfonyl chloride (0.877 ml, 11.3 mmol)
(d, 2 C), 140.9 (s), 147.6 (s, C5CH2), 170.4 (s, C5O). 2 MS (EI):in methylene chloride (50 ml) at 0°C and stirred for 2 hours. After
m/z (%) 5 203 (6) [M1], 144 (100), 129 (58), 118 (47), 43 (49).the addition of water, the mixture was extracted with methylene

chloride. The organic layer was dried (MgSO4) and evaporated N-tert-Butyloxycarbonyl-4-phenylpent-4-enylamide (14): Di-tert-
butyl dicarbonate (0.44 ml, 2 mmol) and triethylamine (0.28 ml, 2yielding the mesylate (2.15 g, 8.96 mmol, 95%) which was used

without further purification. Colorless oil. 2 1H NMR (CDCl3, mmol) were added to a solution of the amine (161 mg, 1 mmol) in
methylene chloride (2 ml) at 0°C. The mixture was stirred at room300 MHz): δ 5 1.90 (qd, J 5 7.6 Hz, J 5 7.2 Hz, 2 H,

CH2CH2OMs), 2.65 (td, J 5 7.4 Hz, J 5 1.1 Hz, 2 H, 5CCH2), temperature for 24 hours. After the addition on 1  HCl (2 ml) the
mixture was extracted with tert-butyl methyl ether (3 3 10 ml).2.97 (s, 3 H, CH3), 4.43 (t, J 5 6.4 Hz, 2 H, CH2OMs), 5.11 (q,

J 5 1.3 Hz, 1 H, C5CHH), 5.33 (d, J 5 1.3 Hz, 1 H, C5CHH), The organic phase was dried (MgSO4), evaporated, and the residue
purified by flash chromatography (silica gel, tert-butyl methyl7.2027.40 (m, 5 H, arom. CH). 2 13C NMR (CDCl3, 75 MHz):

δ 5 27.6 (t, CH2CH2OMs), 31.1 (t, 5CCH2), 37.4 (q, CH3), 69.3 ether/pentane, 1:10) yielding 14 (127 mg, 0.49 mmol, 49%). Color-
less oil. 2 1H NMR (CDCl3, 300 MHz): δ 5 1.44 [s, 9 H, C(CH3)3],(t, CH2OMs), 113.6 (t, C5CH2), 126.1 (d, 2 C), 127.7 (d), 128.5

(d, 2 C), 140.5 (s), 146.7 (s, C5CH2). 1.64 (tt, J 5 7.4 Hz, J 5 7.5, 2 H, CH2CH2N), 2.54 (t, J 5 7.4
Hz, 2 H, 5CCH2), 3.14 (q, J 5 6.3 Hz, 2 H, CH2N), 4.53 (s, br, 1N-(4-Phenyl-4-pentenyl)phthalimide: The mesylate (2.15 g, 8.96
H, NH), 5.08 (d, J 5 1.1 Hz, 1 H, C5CHH), 5.29 (s, 1 H, C5mmol) and potassium phthalimide (1.85 g, 10 mmol), were sus-
CHH), 7.2027.40 (m, 5 H, arom. CH). 2 13C NMR (CDCl3, 75pended in DMF (10 ml) and stirred at 120°C for 75 minutes. After
MHz): δ 5 28.4 [q, 3 C, C(CH3)3], 28.5 (t, CH2CH2N), 32.5 (t, 5the addition of water, the mixture was extracted with tert-butyl
CCH2), 40.1 (t, CH2N), 79.0 [s, C(CH3)3], 112.7 (t, C5CH2), 126.0methyl ether (3 3 20 ml). The organic phase was dried (MgSO4),
(d, 2 C), 127.4 (d), 128.3 (d, 2 C), 140.9 (s), 147.6 (s, C5CH2),evaporated and the residue purified by flash chromatography (silica
155.9 (s, C5O).gel, tert-butyl methyl ether/pentane, 1:3) yielding the phthalimide

(1.91 g, 6.56 mmol, 73%). Colorless oil. 2 1H NMR (CDCl3, 300 (E)-4-(Dimethylphenylsilyl)-3-buten-1-ol (15): Colorless oil. 2
1H NMR (CDCl3, 300 MHz): δ 5 0.33 (s, 6 H, SiCH3), 1.50 (s, 1MHz): δ 5 1.87 (quint., J 5 7.5 Hz, 2 H, CH2CH2N), 2.56 (t, J 5

7.7 Hz, 2 H, 5CCH2), 3.73 (t, J 5 7.3 Hz, 2 H, CH2N), 5.10 (q, H, OH), 2.42 (t, J 5 6.6 Hz, 2 H, CH2CH2OH), 3.70 (t, J 5 7.0
Hz, 2 H, CH2OH), 5.91 (dd, J 5 18.6 Hz, J 5 1.2 Hz, 1 H, SiCH5J 5 1.3 Hz, 1 H, C5CHH), 5.28 (d, J 5 0.9 Hz, 1 H, C5CHH),

7.2027.40 (m, 5 H, arom. CH), 7.6027.90 (m, 4 H, arom. CH). 2 CH), 6.10 (dtd, J 5 18.6 Hz, J 5 6.3 Hz, J 5 1.2 Hz, 1 H, SiCH5

CH), 7.3027.60 (m, 5 H, arom. CH) 2 13C NMR (CDCl3, 7513C NMR (CDCl3, 75 MHz): δ 5 27.1 (t, CH2CH2N), 32.7 (t, 5

CCH2), 37.8 (t, CH2N), 112.8 (t, C5CH2), 123.2 (d, 2 C), 126.1 MHz): δ 5 22.6 (q, 2 C, SiCH3), 40.0 (t, CH2CH2OH), 61.5 (t,
CH2OH), 127.7 (d, 2 C), 128.9 (d), 131.5 (t), 133.7 (d, 2 C), 138.1(d, 2 C), 127.5 (d), 128.4 (d, 2 C), 132.2 (s, 2 C), 133.9 (d, 2 C),

141.0 (s), 147.3 (s, C5CH2), 168.4 (s, 2 C, C5O). 2 MS (EI): m/z (s), 144.6 (s). 2 MS (EI): m/z (%) 5 191 (30) [M1 2 CH3], 163
(71), 137 (79), 121 (59), 105 (32), 91 (28), 75 (100), 43 (58).(%) 5 291 (27) [M1], 160 (41), 144 (100), 129 (53), 118 (72), 77 (29).

4-Phenylpent-4-enylamine: The phthalimide (1.38 g, 4.75 mmol) 3-(Diphenylmethylsilyl)-3-buten-1-ol (16): Colorless oil. 2 1H
NMR (CDCl3, 300 MHz): δ 5 0.62 (s, 3 H, SiCH3), 1.31 (s, 1 H,and hydrazine hydrate (2.38 g, 47.5 mmol) in ethanol (20 ml) were

heated under reflux for 15 min. After the addition of 1  HCl (10 OH), 2.47 (t, J 5 6.4 Hz, 2 H, CH2CH2OH), 3.70 (t, J 5 6.3 Hz,
2 H, CH2OH), 6.11 (m, 2 H, C5CH2), 7.3027.40 (m, 6 H, arom.ml) solution the mixture was washed with tert-butyl methyl ether

(3 3 5 ml). The aqueous layer was treated with 1  NaOH, and CH), 7.4527.55 (m, 4 H, arom. CH). 2 13C NMR (CDCl3, 75
MHz): δ 5 2 4.0 (q, SiCH3), 39.4 (t, CH2CH2OH), 61.5 (t,extracted with tert-butyl methyl ether (3 3 5 ml). After drying

(MgSO4), and evaporation of the solvent the pure amine (610 mg, CH2OH), 127.9 (d, 4 C), 129.4 (d, 2 C), 131.1 (t, C5CH2), 135.0
(d, 4 C), 135.5 (s, 2 C), 144.9 (s, C5CH2). 2 MS (EI): m/z (%) 53.79 mmol, 66%) was obtained without further purification. 2 Or-

ange oil. 2 1H NMR (CDCl3, 300 MHz): δ 5 1.17 (s, br, 2 H, 253 (17) [M1 2 CH3], 240 (10), 207 (13), 197 (27), 183 (41), 137
(100), 105 (33).NH2), 1.59 (quint., J 5 7.8 Hz, 2 H, CH2CH2N), 2.55 (td, J 5 7.6

Hz, J 5 1.1 Hz, 2 H, 5CCH2), 2.71 (t, J 5 7.1 Hz, 2 H, CH2N), (E)-4-(Dimethylphenylsilyl)-4-penten-1-ol (17): Colorless oil. 2
5.07 (q, J 5 1.4 Hz, 1 H, C5CHH), 5.27 (d, J 5 1.4 Hz, 1 H, C5 1H NMR (CDCl3, 300 MHz): δ 5 0.32 (s, 6 H, SiCH3), 1.47 (s, 1
CHH), 7.2027.45 (m, 5 H, arom. CH). 2 13C NMR (CDCl3, 75 H, OH), 1.69 (quint., J 5 7.0 Hz, 2 H, 5CHCH2), 2.24 (dq, J 5
MHz): δ 5 32.4 (t, CH2CH2N), 32.7 (t, 5CCH2), 41.9 (t, CH2N), 7.0 Hz, J 5 1.4 Hz, 2 H, CH2CH2OH), 3.65 (t, J 5 6.5 Hz, 2 H,
112.4 (t, C5CH2), 126.2 (d, 2 C), 127.4 (d), 128.3 (d, 2 C), 141.2 CH2OH), 5.81 (dt, J 5 18.5 Hz, J 5 1.5 Hz, 1 H, SiCH5CH),
(s), 148.2 (s, C5CH2). 6.13 (dt, J 5 18.5 Hz, J 5 6.2 Hz, 1 H, SiCH5CH), 7.3027.36

(m, 3 H, arom. CH), 7.4527.55 (m, 2 H, arom. CH). 2 13C NMRN-Acetyl-4-phenylpent-4-enylamide: Acetyl chloride (0.14 ml, 2
mmol) and triethylamine (0.28 ml, 2 mmol) were added to a solu- (CDCl3, 75 MHz): δ 5 22.5 (q, 2 C, SiCH3), 31.5 (t, 5CHCH2),

33.0 (t, CH2CH2OH), 62.5 (t, CH2OH), 127.7 (d, 2 C), 128.2 (d),tion of the amine (161 mg, 1 mmol) in methylene chloride (2 ml)
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128.6 (d, SiCH5CH), 133.8 (d, 2 C), 139.1 (s), 148.2 (d, SiCH5 allowed to stir for 3 hours. After a second addition of NaIO4 (40

mg, 0.19 mmol) the mixture was stirred for another 2 hours. AfterCH). 2 MS (EI): m/z (%) 5 205 (3) [M1 2 CH3], 137 (100), 75
(61). the addition of tert-butyl methyl ether and saturated aqueous

NaHCO3 solution the organic layer was washed with water, dried(E)-4-(Dimethylphenylsilyl)-4-pentenoic Acid (18): A solution of
(MgSO4) and evaporated. The residue was purified by flash chro-CrO3 (100 mg, 1 mmol) in sulfuric acid (30%, 1 ml) was added to
matography (silica gel, tert-butyl methyl ether/pentane, 1:10).a solution of alcohol 17 (110 mg, 0.5 mmol) in acetone (3 ml) and

allowed to stir for 18 hours. After the addition of 1  NaOH the (2S,3S)-3-[2-((S)-1-Hydroxypropyl)phenyl]selenyl-2-phenyl-
mixture was washed with tert-butyl methyl ether (3 3 5 ml). The tetrahydrofuran (19): GP1, 5 (86 mg, 0.2 mmol) and 7 (30 mg, 0.2
aqueous layer was treated with 1  HCl solution, and extracted mmol) yields 19 (63 mg, 0.17 mmol, 87%) with 84% de. Colorless
with tert-butyl methyl ether (3 3 5 ml). After drying (MgSO4), and oil. 2 [α]D

25 5 2 23.2 (c 5 0.31, CHCl3). 2 1H NMR (CDCl3,
evaporation of the solvent the pure acid 18 (77 mg, 0.33 mmol, 300 MHz): δ 5 0.93 (t, J 5 7.3 Hz, 3 H, CH3), 1.71 (quint., J 5
66%) was obtained without further purification. Colorless oil. 2 7.3 Hz, 2 H, CH2CH3), 1.95 (s, 1 H, OH), 2.13 (m, 1 H, CHH-4),
1H NMR (CDCl3, 300 MHz): δ 5 0.36 (s, 6 H, SiCH3), 2.4022.60 2.49 (dq, J 5 13.1 Hz, J 5 7.5 Hz, 1 H, CHH-4), 3.62 (td, J 5 7.7
(m, 4 H, 2 3 CH2), 5.87 (d, J 5 18.6 Hz, 1 H, SiCH5CH), 6.18 Hz, J 5 5.8 Hz, 1 H, CHSe), 4.03 (td, J 5 8.4 Hz, J 5 4.9 Hz, 1
(dt, J 5 18.5 Hz, J 5 6.2 Hz, 1 H, SiCH5CH), 7.3027.40 (m, 3 H, CHHO), 4.16 (td, J 5 8.3 Hz, J 5 7.4 Hz, 1 H, CHHO), 4.87
H, arom. CH), 7.5027.60 (m, 2 H, arom. CH), 11.20 (s, br, 1 H, (d, J 5 6.0 Hz, 1 H, CHO), 5.08 (t, J 5 6.5 Hz, 1 H, CHOH),
COOH). 2 13C NMR (CDCl3, 75 MHz): δ 5 22.5 (q, SiCH3), 7.0527.45 (m, 9 H, arom. CH). 2 13C NMR (CDCl3, 75 MHz):
31.3 (t, 5CHCH2), 33.1 (t, CH2C5O), 127.8 (d, 2 C), 129.0 (d, δ 5 10.4 (q, CH3), 31.4 (t, CH2CH3), 34.3 (t, CH2-4), 48.0 (d,
SiCH5CH), 129.1 (d), 133.9 (d, 2 C), 138.8 (s), 146.0 (d, SiCH5 CHSe), 68.0 (t, CH2O), 74.7 (d, CHOH), 86.2 (d, CHO), 125.9 (d,
CH), 179.7 (s, COOH). 2 MS (EI): m/z (%) 5 233 (8) [M1 2 H], 2 C), 126.5 (d), 127.9 (d, 2 C), 128.26 (s), 128.34 (d) 128.5 (d, 2 C),
207 (7), 137 (100), 75 (21). 2 HRMS calcd. for C13H17OSi [M1 2 135.2 (d), 141.3 (s), 146.9 (s). 2 77Se NMR (CDCl3, 76 MHz): δ 5
H]: 233.0996, found 233.0999. 314.0. 2 IR (CHCl3): ν̃ 5 3684, 3062, 3005, 2931, 1603, 1463, 1361,

1160, 1073, 970 cm21. 2 MS (EI): m/z (%) 5 362 (7) [M1], 2144-(Tributylstannyl)-3-buten-1-ol (39): 3-Butyn-1-ol (605 mg, 10
(16), 185 (23), 146 (100), 105 (56), 91 (45), 77 (32). 2 HRMS calcd.mmol), tributyltin hydride (1.45 g, 5 mmol) and AIBN (15 mg)
for C19H22O2Se [M1]: 362.0785, found 362.0789. 2 Cleavage (GP2)were stirred for 3 hours at 60°C. The product was first purified by
leads to (S)-2-phenyltetrahydrofuran 2 [α]D

25 5 223.8 (c 5 0.6,Kugelrohr distillation and subsequently by flash chromatography
CHCl3). [32](silica gel, tert-butyl methyl ether/pentane, 1:10) yielding 39 (1.18

g, 3.3 mmol, 67%) as a 1.5:1 mixture of (E/Z) isomers. Colorless
(2R,3R)-3-[2-((S)-1-Hydroxypropyl)phenyl]selenyl-2-(1,1-di-

oil. 2 1H NMR (CDCl3, 300 MHz): δ 5 0.8021.00 (m, 15 H, 3 3
methyl)ethyltetrahydrofuran (20): GP1, 5 (64 mg, 0.15 mmol) and

CH3, 3 3 CH2), 1.2021.40 (m, 7 H, 3 3 CH2), 1.4021.60 (m, 6
8 (23 mg, 0.18 mmol) yields 20 (42 mg, 0.12 mmol, 68%) with 46%

H, 3 3 CH2), 2.32 (qd, J 5 6.6 Hz, J 5 1.1 Hz, 1 H,
de. Colorless oil. 2 [α]D

25 5 1 18.1 (c 5 0.93, CHCl3). 2 1H NMR
CHHCH2OH), 2.42 (qd, J 5 6.2 Hz, J 5 1.0 Hz, 1 H,

(CDCl3, 300 MHz): δ 5 0.93 [s, 9 H, C(CH3)3], 0.99 (t, J 5 7.4
CHHCH2OH), 3.68 (q, J 5 5.0 Hz, 2 H, CH2OH), 5.926.6 (m, 2

Hz, 3 H, CH3), 1.73 (quint., J 5 7.3 Hz, 2 H, CH2CH3), 1.8822.04
H, CH5CH) 2 13C NMR (CDCl3, 75 MHz): δ 5 9.4/10.3 (t, 3 C,

(s, 1 H, OH), 2.1022.28 (m, 2 H, CH2-4), 3.57 (d, J 5 4.5 Hz, 1
CH2), 13.7 (q, 3 C, CH3), 27.2/27.3 (t, 3 C, CH2), 29.1/29.2 (t, 3 C,

H, CHSe), 3.6223.70 (m, 1 H, CHO), 3.8024.01 (m, 2 H, CH2O),
CH2), 40.1/41.2 (t, CH2CH2OH), 61.4/62.1 (t, CH2OH), 132.3/

5.11 (t, J 5 6.4 Hz, 1 H, CHOH), 7.20 (td, J 5 7.4 Hz, J 5 1.6
132.4 (d, SnCH5CH), 144.4/144.8 (d, SnCH5CH). 2 MS (EI):

Hz, 1 H, arom. CH), 7.33 (td, J 5 7.3 Hz, J 5 1.3 Hz, 1 H, arom.
m/z (%) 5 305 (100) [M1 2 tBu], 249 (33), 193 (31), 177 (31), 137

CH), 7.52 (dd, J 5 7.5 Hz, J 5 1.3 Hz, 1 H, arom. CH), 7.57 (dd,
(23), 121 (23).

J 5 7.7 Hz, J 5 1.3 Hz, 1 H, arom. CH). 2 13C NMR (CDCl3,
General Procedure for the Cyclization of Alkenes with Selenium 75 MHz): δ 5 10.5 (q, CH3), 25.9 [q, 3 C, C(CH3)3], 31.6 (t,

Electrophiles (GP1): The diselenide 5 [2] (1 eq) was dissolved in CH2CH3), 34.7 [s, C(CH3)3], 35.7 (t, CH2-4), 41.7 (d, CHSe), 67.4
anhydrous diethyl ether (0.025 ) under an argon atmosphere, co- (t, CH2O), 74.5 (d, CHOH), 92.1 (d, CHO), 126.5 (d), 128.0 (d),
oled to 278°C and treated with bromine solution (1 eq, 1  in 128.1 (d), 129.4 (s), 138.8 (d), 146.7 (d). 2 77Se NMR (CDCl3, 76
CCl4). After 10 min a solution of silver triflate (2.8 eq) in methanol MHz): δ 5 338.0. 2 IR (CHCl3): ν̃ 5 3604, 3438, 3005, 2962, 2868,
(25 eq) was added and stirred for 10 min at 278°C. The reaction 2464, 2365, 1072 cm21. 2 MS (EI): m/z (%) 5 342 (50) [M1], 285
mixture was cooled to 2100°C and treated with the alkene. After (54), 267 (63), 213 (89), 197 (100), 185 (23), 116 (38), 57 (76). 2
stirring for 324 hours at 2100°C, sym.-collidine (3 eq) was added HRMS calcd. for C17H26O2Se [M1]: 342.1098, found 342.1111. 2
followed by a aqueous citric acid solution. After extraction of the Cleavage (GP2) leads to (R)-2-(1,1-dimethylethyl)tetrahydrofu-
reaction mixture with tert-butyl methyl ether (3 3 10 ml), drying ran.[33]

of the combined organic phases with MgSO4 and removal of the
(2S,3S)-3-{2-[(S)-1-Hydroxypropyl]phenyl}selenyl-2-cyclo-solvent under reduced pressure, the residue was purified by flash

hexyltetrahydrofuran (21): GP1, 5 (128 mg, 0.3 mmol) and 9 (92chromatography on silica gel yielding the cyclization products as
mg, 0.6 mmol) yields 21 (142 mg, 0.39 mmol, 64%) with 49% de.colorless oils.
Colorless oil. 2 [α]D

25 5 1 0.7 (c 5 2.1, CHCl3). 2 1H NMR
General Procedure for the Radical Cleavage of the Selenium Moi- (CDCl3, 300 MHz): δ 5 0.98 (t, J 5 7.4 Hz, 3 H, CH3), 1.0521.50

ety (GP2): [30] The cyclization product (0.1 mmol), triphenyltin hy- (m, 6 H, 3 3 CH2), 1.6021.85 (m, 7 H, 3 3 CH2, OH), 1.97 (m,
dride (0.15 mmol) and AIBN (10 mg) were dissolved in toluene 1 H, CHCHO), 2.25 (m, 2 H, CH2), 3.5023.65 (m, 2 H, CHSe,
(0.5 ml) and heated under reflux for 1 hour. The reaction mixture CHO), 3.7523.90 (m, 2 H, CH2O), 5.10 (t, J 5 6.3 Hz, 1 H,
was purified by flash chromatography (silica gel, tert-butyl methyl CHOH), 7.19 (td, J 5 7.5 Hz, J 5 1.6 Hz, 1 H), 7.32 (td, J 5 7.5
ether/pentane, 1:50). Hz, J 5 1.2 Hz, 1 H, arom. CH), 7.51 (dd, J 5 7.7 Hz, J 5 1.6

Hz, 1 H, arom. CH), 7.57 (dd, J 5 7.7 Hz, J 5 1.2 Hz, 1 H, arom.General Procedure for the Pummerer Rearrangement (GP3): [31]

To a solution of the cyclization product (0.1 mmol) in water (0.1 CH). 2 13C NMR (CDCl3, 75 MHz): δ 5 10.4 (q, CH3), 25.9 (t,
CH2), 26.2 (t, CH2), 26.4 (t, CH2), 28.2 (t, CH2), 29.9 (t, CH2),ml) and THF (0.5 ml) NaIO4 (53 mg, 0.25 mmol) was added and
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31.4 (t, CH2CH3), 34.8 (t, CH2), 41.7 (d, CHSe), 42.4 (d, CHCHO), 31.0 (t, CH2CH3), 38.2 (t, CH2-4), 42.8 (t, CH2Se), 68.2 (t, CH3O),

74.3 (d, CHOH), 86.2 (s, CO), 125.3 (d, 2 C), 126.0 (d), 126.8 (d),66.8 (t, CH2O), 74.7 (d, CHOH), 88.6 (d, CHO), 126.4 (d), 127.8
(d), 128.0 (d), 129.0 (s), 134.6 (d), 146.5 (s). 2 77Se NMR (CDCl3, 127.4 (d), 127.8 (d), 128.0 (d, 2 C), 130.0 (s), 134.2 (d), 145.6 (s),

146.2 (s). 2 IR (CHCl3): ν̃ 5 3604, 3433, 3006, 2969, 2933, 2877,76 MHz): δ 5 326.7. 2 IR (CHCl3): ν̃ 5 3604, 3426, 3005, 2929,
2855, 1463, 1450, 1084, 1047, 972 cm21. 2 MS (EI): m/z (%) 5 1463, 1046, 971 cm21. 2 MS (EI): m/z (%) 5 376 (8) [M1], 147

(100), 105 (37), 91 (20), 77 (17). 2 HRMS calcd. for C20H24O2Se368 (31) [M1], 285 (10), 267 (29), 214 (76), 197 (60), 185 (26), 152
(72), 135 (25) 116 (37), 97 (37), 83 (36), 71 (69), 55 (100), 41 (74). [M1]: 376.0941, found 376.0956. 2 The assignment of the stereo-

chemistry was done in analogy to lactone 25.2 HRMS calcd. for C19H28O2Se [M1]: 368.1255, found 368.1271.
2 Cleavage (GP2) leads to (S)-2-cyclohexyltetrahydrofuran. 2

(R)-5-Phenyl-5-{1-[2-((S)-1-hydroxypropyl)phenylselenyl]-[α]D
25 5 23.8 (c 5 0.60, CHCl3). [34]

methyl}tetrahydrofuran-2-on (25): GP1, 5 (66 mg, 0.15 mmol) and
13 (59 mg, 0.33 mmol) yields 25 (69 mg, 0.13 mmol, 58%) with(2R*,3R*)-3-[2-((S)-1-Hydroxypropyl)phenyl]selenyl-2-ethyl-

tetrahydrofuran (22): GP1, 5 (88 mg, 0.21 mmol) and 10 (45 mg, 85% de. Colorless oil. 2 [α]D
25 5 139.7 (c 5 0.65, CHCl3). 2 1H

NMR (CDCl3, 300 MHz): δ 5 0.90 (t, J 5 5.5 Hz, 3 H, CH3),0.45 mmol) yields 22 (70 mg, 0.22 mmol, 60%) with 0% de. Color-
less oil. 2 [α]D

25 5 2 13.1 (c 5 3.1, CHCl3). 2 1H NMR (CDCl3, 1.63 (m, 1 H, OH), 1.70 (nonett, J 5 5.6 Hz, 2 H, CH2CH3),
2.4322.56 (m, 2 H, CH2-4), 2.7022.80 (m, 2 H, CH2-3), 3.42 (s, 2600 MHz): δ 5 0.91 (t, J 5 7.4 Hz, 3 H, CH3), 0.95 (t, J 5 7.4

Hz, 3 H, CH3), 1.4221.65 (m, 2 H, CH2), 1.76 (quint., J 5 7.2 Hz, H, CH2Se), 4.98 (t, J 5 4.8 Hz, 1 H, CHOH), 7.13 (td, J 5 5.7
Hz, J 5 1.3 Hz, 1 H, arom. CH), 7.2727.40 (m, 6 H, arom. CH),2 H, CH2CH3), 1.9622.04 (m, 1 H, CHH-4), 2.3322.42 (m, 1 H,

CHH-4), 2.46 (s, 1 H, OH), 3.3323.38 (m, 1 H, CHSe), 3.6823.92 7.46 (dd, J 5 5.8 Hz, J 5 1.0 Hz, 1 H, arom. CH), 7.49 (dd, J 5

5.9 Hz, J 5 1.1 Hz, 1 H, arom. CH). 2 13C NMR (CDCl3, 75(m, 3 H, CH2O, CHO), 5.10 (t, J 5 6.3 Hz, 1 H, CHOH), 7.18 (td,
J 5 7.4 Hz, J 5 1.2 Hz, 1 H, arom. CH), 7.32 (t, J 5 7.4 Hz, 1 MHz): δ 5 10.4 (q, CH3), 29.1 (t, CH2-4), 31.8 (t, CH2CH3), 34.0

(t, CH2-3), 42.6 (t, CH3Se), 74.2 (d, CHOH), 88.4 (s, CO), 124.6H, arom. CH), 7.51 (d, J 5 7.7 Hz, 1 H, arom. CH), 7.55 (d, J 5

7.7 Hz, 1 H, arom. CH). 2 13C NMR (CDCl3, 75 MHz): δ 5 10.28 (d, 2 C), 126.5 (d), 128.09 (d), 128.15 (d), 128.2 (d), 128.7 (d, 2 C),
129.4 (s), 134.3 (d), 142.4 (s), 147.0 (s), 176.5 (s, C5O). 2 IR(q, CH3), 10.33 (q, CH3), 27.4 (t, CH2), 31.4 (t, CH2CH3), 34.4 (t,

CH2-4), 44.3 (d, CHSe), 66.7 (t, CH2O), 74.6 (d, CHOH), 85.9 (d, (CHCl3): ν̃ 5 3440, 3374, 2935, 1775, 1398, 1136, 1051, 1016 cm21.
2 MS (EI): m/z (%) 5 390 (5) [M1], 214 (23), 185 (15), 161 (100),CHO), 126.5 (d), 127.8 (d), 128.1 (d), 128.5 (s), 134.8 (d), 146.7 (s).

2 77Se NMR (CDCl3, 114 MHz): δ 5 316.3 / 311.2. 2 IR (CHCl3): 105 (21), 91 (22), 77 (18). 2 HRMS calcd. for C20H22O3Se [M1]:
390.0734, found 390.0741. 2 C20H22O3Se (389.30): calcd. C 61.71,ν̃ 5 3604, 3426, 3005, 2968, 2934, 2877, 1463, 1096, 1047, 972

cm21. 2 MS (EI): m/z (%) 5 314 (24) [M1], 214 (52), 197 (23), 185 H 5.70; found C 61.70, H 5.94. 2 Cleavage (GP2) leads to (R)-5-
methyl-5-phenyltetrahydrofuran-2-on. 2 [α]D

25 5 122.2 (c 5(36), 135 (25), 116 (18), 99 (48), 98 (50), 57 (100). 2 HRMS calcd.
for C15H22O2Se [M1]: 314.0785, found 314.0791. 2 C15H22O2Se 0.15, CHCl3). [36]

(313.29): calcd. C 57.52, H 7.08; found C 57.54, H 7.02.
(R)-N-tert-Butyloxycarbonyl-2-phenyl-2-{1-[2-((S)-1-hydroxy-

propyl)phenylselenyl]methyl}pyrrolidin (26): GP1, 5 (23 mg, 0.05(2S,3S)-3-[2-((S)-1-Hydroxypropyl)phenyl]selenyl-2-phenyl-
tetrahydrofuran-4-on (23): GP1, 5 (86 mg, 0.2 mmol) and 11 (33 mmol) and 14 (34 mg, 0.13 mmol) yields 26 (19 mg, 0.04 mmol,

40%) with 45% de. Colorless oil. 2 [α]D
25 5 23.8 (c 5 0.46,mg, 0.2 mmol) yields 23 (31 mg, 0.083 mmol, 41%) with 72% de.

Colorless oil. 2 [α]D
25 5 1 104.3 (c 5 1.06, CHCl3). 2 1H NMR CHCl3). 2 1H NMR (CDCl3, 300 MHz): δ 5 0.89 [s, 9 H,

C(CH3)3], 0.95 (t, J 5 7.4 Hz, 3 H, CH3), 1.2021.90 (m, 6 H,(CDCl3, 300 MHz): δ 5 0.92 (t, J 5 7.4 Hz, 3 H, CH3), 1.72 (quint,
J 5 7.4 Hz, 2 H, CH2CH3), 1.97 (s, br, 1 H, OH), 2.68 (dd, J 5 CH2CH3, CH2-4, OH, CHH-3), 2.01 (dd, J 5 10.2 Hz, J 5 6.0

Hz, 1 H, CHH-3), 2.53 (m, 1 H, CHHN), 3.72 (m, 1 H, CHHN),18.1 Hz, J 5 7.6 Hz, 1 H, CHHC5O), 3.05 (dd, J 5 18.1 Hz, J 5

8.1 Hz, 1 H, CHHC5O), 3.84 (td, J 5 7.7 Hz, J 5 6.6 Hz, 1 H, 3.90 (s, 1 H, CHHSe), 3.91 (s, 1 H, CHHSe), 5.22 (t, J 5 6.6 Hz,
1 H, CHOH), 7.1027.30 (m, 7 H, arom. CH), 7.52 (d, J 5 7.6 Hz,CHSe), 5.05 (t, J 5 6.3 Hz, 1 H, CHOH), 5.41 (d, J 5 6.3 Hz, 1

H, CHO), 7.1027.54 (m, 9 H, arom. CH). 2 13C NMR (CDCl3, 1 H, arom. CH), 7.61 (d, J 5 7.5 Hz, 1 H, arom. CH). 2 13C NMR
(CDCl3, 75 MHz): δ 5 10.4 (q, CH3), 21.1 (t, CH2-4), 27.8 [q, 375 MHz): δ 5 10.3 (q, CH3), 31.6 (t, CH2CH3), 36.2 (t, CH2C5

O), 42.6 (d, CHSe), 74.8 (d, CHOH), 85.0 (d, CHO), 125.7 (d, 2 C, C(CH3)3], 31.8 (t, CH2CH3), 42.0 (t, CH2-3), 42.5 (t, CH2Se),
49.8 (t, CH3-5), 68.4 (s, CN), 74.1 (d, CHOH), 80.2 [s, C(CH3)3],C), 126.4 (s), 126.9 (d), 128.3 (d), 128.9 (d, 2 C), 129.0 (d), 129.4

(d), 136.2 (d), 137.3 (s), 147.5 (s), 174.5 (s, C5O). 2 IR (CHCl3): 125.0 (d, 2 C), 126.5 (d), 126.9 (d), 127.8 (d), 128.1 (d, 2 C), 128.3
(d), 130.9 (s), 135.5 (d), 146.6 (s), 147.8 (s), 154.6 (s, C5O). 2 IRν̃ 5 3603, 3444, 3005, 2967, 2931, 1781, 1458, 1163, 975 cm21. 2

MS (EI): m/z (%) 5 376 (5) [M1], 214 (30), 198 (62), 183 (75), 100 (CHCl3): ν̃ 5 3443, 3005, 2974, 2932, 2878, 1682, 1393, 1125, 977
cm21. 2 MS (EI): m/z (%) 5 475 (7) [M1], 319 (47), 246 (72), 190(53), 131 (55), 105 (100), 77 (90). 2 HRMS calcd. for C19H20O3Se

[M1]: 376.0578, found 376.0590. 2 Cleavage (GP2) leads to (S)-5- (100), 146 (97), 73 (33). 2 HRMS calcd. for C25H33NO3Se [M1]:
475.1626, found 475.1614. 2 The assignment of the stereochem-phenyl-tetrahydrofuran-2-on. 2 [α]D

25 5 227.4 (c 5 0.31,
CHCl3). [35] istry was done in analogy to lactone 25.

(3R*,4R*)-4-[2-((S)-1-Hydroxypropyl)phenyl]selenyl-4-(di-(R)-2-Phenyl-2-{1-[2-((S)-1-hydroxypropyl)phenylselenyl]-
methyl}tetrahydrofuran (24): GP1, 5 (86 mg, 0.2 mmol) and 12 (53 methylphenylsilyl)-3-methoxybutan-1-ol (27): GP1, 5 (62 mg, 0.145

mmol) and 15 (80 mg, 0.3 mmol) yields 27 (26 mg, 0.058 mmol,mg, 0.2 mmol) yields 24 (31 mg, 0.083 mmol, 45%) with 78% de.
Colorless oil. 2 [α]D

25 5 1 8.5 (c 5 0.94, CHCl3). 2 1H NMR 20%) with 78% de. Colorless oil. 2 [α]D
25 5 28.2 (c 5 0.91,

CHCl3). 2 1H NMR (CDCl3, 600 MHz): δ 5 0.47 (s, 3 H, SiCH3),(CDCl3, 300 MHz): δ 5 0.91 (t, J 5 7.4 Hz, 3 H, CH3), 1.25 (s,
br, 1 H, OH), 1.69 (quint., J 5 7.4 Hz, 2 H, CH2CH3), 1.7522.10 0.52 (s, 3 H, SiCH3), 0.87 (t, J 5 7.4 Hz, 3 H, CH3), 1.25 (s, br, 1

H, OH), 1.4921.55 (m, 1 H, CHHCH2OH), 1.71 (quint., J 5 7.1(m, 2 H, CH2-3), 2.2022.40 (m, 2 H, CH2-4), 3.35 (d, J 5 12.0
Hz, 1 H, CHHSe), 3.42 (d, J 5 12.0 Hz, 1 H, CHHSe), 3.94 (q, Hz, 2 H, CH2CH3), 2.0422.11 (m, 1 H, CHHCH2OH), 2.38 (s, br,

1 H, OH), 3.01 (s, 3 H, CH3O), 3.05 (d, J 5 2.7 Hz, 1 H, CHSiSe),J 5 5.6 Hz, 1 H, CHHO), 4.06 (q, J 5 7.1 Hz, 1 H, CHHO), 4.90
(t, J 5 6.3 Hz, 1 H, CHOH), 7.0027.50 (m, 9 H, arom. CH). 2 3.5823.68 (m, 3 H, CH2OH, CHOCH3), 4.84 (t, J 5 6.6 Hz, 1 H,

CHOH), 7.10 (td, J 5 7.5 Hz, J 5 1.3 Hz, 1 H, arom. CH), 7.2413C NMR (CDCl3, 75 MHz): δ 5 10.3 (q, CH3), 25.9 (t, CH2-3),
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(td, J 5 7.0 Hz, J 5 1.7 Hz, 1 H, arom. CH), 7.3027.51 (m, 4 H, 1398, 1136, 1051, 1016 cm21. 2 MS (EI): m/z (%) 5 434 (12) [M1],

319 (22), 235 (21), 213 (19), 198 (31), 183 (23), 165 (26), 135 (100),arom. CH), 7.54 (dd, J 5 7.7 Hz, J 5 1.1 Hz, 1 H, arom. CH),
7.60 (dd, J 5 7.7 Hz, J 5 1.4 Hz, 2 H, arom. CH). 2 13C NMR 115 (18). 2 HRMS calcd. for C22H30O2SeSi [M1]: 434.1180, found

434.1174. 2 C22H30O2SeSi (433.47): calcd. C 60.96, H 6.98; found(CDCl3, 75 MHz): δ 5 22.9 (q, SiCH3), 22.3 (q, SiCH3), 10.4 (q,
CH3), 31.5 (t, CH2CH3), 37.1 (t, CH2CH2OH), 38.0 (d, CHSeSi), C 60.73, H 7.05.
56.6 (q, CH3O), 60.9 (t, CH2OH), 75.1 (d, CHOH), 83.2 (d, (2R*,19R*)-[2-(1-{2-[(S)-1-Hydroxypropyl]phenyl}selenyl)-1-
CHOCH3), 126.5 (d), 127.7 (d), 128.0 (d), 127.8 (d, 2 C), 129.4 (d), (dimethylphenyl)silylmethyl]tetrahydrofuran-5-on (30): GP1, 5 (25
131.5 (s), 134.1 (d, 2 C), 135.9 (d), 135.9 (s), 146.5 (s). 2 77Se NMR mg, 0.06 mmol) and 18 (30 mg, 0.13 mmol) yields 30 (12 mg, 0.028
(CDCl3, 114 MHz): δ 5 220.7. 2 IR (CHCl3): ν̃ 5 3603, 3450, mmol, 27%) with 80% de. Colorless oil. 2 [α]D

25 5 258.0 (c 5
3005, 2964, 2932, 2876, 1463, 1428, 1112, 1074, 840 cm21. 2 MS 0.70, CHCl3). 2 1H NMR (CDCl3, 600 MHz): δ 5 0.49 (s, 3 H,
(EI): m/z (%) 5 452 (5) [M1], 286 (55), 239 (13), 213 (30), 135 SiCH3), 0.52 (s, 3 H, SiCH3), 0.91 (t, J 5 7.4 Hz, 3 H, CH3), 1.60
(100), 89 (30), 71(55). 2 HRMS calcd. for C22H32O3SeSi [M1]: (s, br, 1 H, OH), 1.64 (quint., J 5 7.6 Hz, 2 H, CH2CH3), 1.95 (dq,
452.1286, found 452.1277. 2 C22H32O3SeSi (451.48): calcd. C J 5 12.8 Hz, J 5 8.4 Hz, 1 H, CHH-4), 2.16 (qdd, J 5 10.1 Hz,
58.53, H 7.14; found C 58.78, H 7.17. J 5 7.0 Hz, J 5 3.9 Hz, 1 H, CHH-4), 2.46 (dt, J 5 17.9 Hz, J 5

(3R*)-3-[2-((S)-1-Hydroxypropyl)phenyl]selenyl-3-[(diphenyl- 9.8 Hz, 1 H, CHHC5O), 2.54 (ddd, J 5 17.9 Hz, J 5 10.1 Hz,
methyl)silyl]tetrahydrofuran (28): GP1, 5 (86 mg, 0.2 mmol) and J 5 3.9 Hz, 1 H, CHHC5O), 3.10 (d, J 5 4.0 Hz, 1 H, CHSeSi),
16 (107 mg, 0.4 mmol) yields 28 (36 mg, 0.086 mmol, 22%) with 4.82 (td, J 5 7.2 Hz, J 5 4.0 Hz, 1 H, CHO), 4.89 (t, J 5 6.4 Hz,
9% de. Colorless oil. 2 [α]D

25 5 226.9 (c 5 0.26, CHCl3). 2 1H 1 H, CHOH), 7.17 (td, J 5 7.6 Hz, J 5 1.5 Hz, 1 H, arom. CH),
NMR (CDCl3, 600 MHz): 1. diastereomer: δ 5 0.82 (t, J 5 7.4 7.26 (td, J 5 7.5 Hz, J 5 1.0 Hz, 1 H, arom. CH), 7.35 (m, 4 H,
Hz, 3 H, CH3), 0.83 (s, 3 H, SiCH3), 1.60 (s, 1 H, OH), 1.62 (quint., arom. CH), 7.54 (dd, J 5 8.0 Hz, J 5 1.4 Hz, 2 H, arom. CH),
J 5 7.0 Hz, 1 H, CHHCH3), 1.79 (quint., J 5 7.3 Hz, 1 H, 7.67 (dd, J 5 7.8 Hz, J 5 1.2 Hz, 1 H, arom. CH). 2 13C NMR
CHHCH3), 2.1422.23 (m, 1 H, CHH-4), 2.2922.39 (m, 1 H, (CDCl3, 75 MHz): δ 5 23.1 (q, SiCH3), 22.8 (q, SiCH3), 10.2 (q,
CHH-4), 4.02 (d, J 5 9.8 Hz, 2 H, CH2-5), 4.64 (s, 1 H, CHH-2), CH3), 27.6 (t, CH2-4), 29.2 (t, CH2-3), 31.4 (t, CH2CH3), 38.7 (d,
4.66 (s, 1 H, CHH-2), 5.27 (t, J 5 6.6 Hz, 1 H, CHOH), 7.1027.70 CHSeSi), 74.2 (d, CHOH), 81.6 (d, CHO), 126.0 (d), 127.9 (d),
(m, 14 H, arom. CH). 2 1H NMR (CDCl3, 600 MHz): 2. dia- 128.0 (d, 2 C), 128.2 (d), 129.7 (d), 130.4 (s), 133.9 (d, 2 C), 134.3
stereomer: δ 5 0.83 (t, J 5 7.5 Hz, 3 H, CH3), 0.84 (s, 3 H, SiCH3), (d), 136. 0 (s), 145.9 (s), 176.4 (s, C5O). 2 77Se NMR (CDCl3, 114
1.59 (s, 1 H, OH), 1.61 (quint., J 5 7.2 Hz, 1 H, CHHCH3), 1.78 MHz): δ 5 193.2. 2 IR (CHCl3): ν̃ 5 3435, 3376, 2920, 1770, 1456,
(quint., J 5 7.4 Hz, 1 H, CHHCH3), 2.3022.40 (m, 1 H, CHH-4), 1398, 1136, 1051, 1016 cm21. 2 MS (EI): m/z (%) 5 448 (9) [M1],
2.4022.50 (m, 1 H, CHH-4), 3.55 (s, 1 H, CHH-2), 3.58 (s, 1 H, 323 (9), 236 (64), 214 (14), 195 (32), 183 (15), 157 (19), 135 (100),
CHH-2), 3.86 (td, J 5 8.2 Hz, J 5 3.4 Hz, 2 H), 5.19 (t, J 5 6.9 117 (35), 115 (35), 75 (34). 2 HRMS calcd. for C22H28O3SeSi [M1]:
Hz, 1 H, CHOH), 7.127.7 (m, 14 H, arom. CH). 2 13C NMR 448.0973, found 448.0959.
(CDCl3, 75 MHz): δ 5 24.8/24.7 (q, SiCH3), 10.4/10.5 (q, CH3),

(1RS,2RS)-1-Phenyl-2-(phenylselenyl)tetrahydrofuran (34):
28.7/31.1 (s, CHSeSi), 30.6/30.7 (t, CH2CH3), 35.6/37.8 (t, CH2-4),

GP1, PhSeBr (70 mg, 0.3 mmol) and 33 (89 mg, 0.6 mmol) yields
66.2/66.9 (t, CH2-5), 74.4/74.6 (d, CHOH), 79.2 (t, CH2-2), 127.0/

34 (18 mg, 0.06 mmol, 20%). Colorless oil. 2 1H NMR (CDCl3,
127.1 (d), 128.0/128.1 (d, 4 C), 128.9/129.1 (s), 129.7/129.8 (d),

300 MHz): δ 5 2.24 (m, 1 H, CHH-4), 2.49 (m, 1 H, CHH-4), 3.98
129.8/130.1 (d), 129.9/130.0 (d, 2 C), 133.8/134.1 (s, 2 C), 135.26/

(td, J 5 8.0 Hz, J 5 5.6 Hz, 1 H, CHH-5), 4.16 (td, J 5 6.1 Hz,
135.33 (d, 4 C), 139.38/139.43 (d), 150.2/150.4 (s). 2 77Se NMR

J 5 5.3 Hz, 1 H, CHH-5), 3.34 (q, J 5 7.4 Hz, 1 H, CHSe), 5.21
(CDCl3, 114 MHz): 1. diastereomer δ 5 384.6. 2 77Se NMR

(d, J 5 6.3 Hz, 1 H, CHOH), 7.1027.45 (m, 10 H, arom. CH). 2
(CDCl3, 114 MHz): 2. diastereomer δ 5 332.6. [37] 2 IR (CHCl3): 13C NMR (CDCl3, 75 MHz): δ 5 34.5 (t, CH2-4), 47.3 (d, CHSe),
ν̃ 5 3389, 3006, 2965, 2930, 1428, 1111, 950, 835 cm21. 2 MS (EI):

67.4 (t, CH2-5), 83.0 (d, CHO), 126.3 (d, 2 C), 127.3 (d), 127.8 (d),
m/z (%) 5 482 (7) [M1], 333 (16), 267 (9), 251 (12), 214 (9),

127.9 (d, 2 C), 129.0 (s), 129.1 (d, 2 C), 134.1 (d, 2 C), 141.3 (s).
197 (100), 183 (13), 137 (16), 105 (16). 2 HRMS calcd. for

2 IR (CHCl3): ν̃ 5 3064, 3006, 2884, 1580, 1478, 1453, 1438, 1090,
C26H30O2SeSi [M1]: 482.1180, found 482.1166.

1048, 1023 cm21. 2 MS (EI): m/z (%) 5 304 (63) [M1], 198 (50),
(2R*,19R*)-[2-(1-{2-[(S)-1-Hydroxypropyl]phenyl}selenyl)-1- 183 (33), 157 (32), 146 (100), 117 (97), 105 (96), 91 (80), 77 (78). 2

(dimethylphenyl)silylmethyl]tetrahydrofuran (29): GP1, 5 (86 mg, HRMS calcd. for C16H16OSe [M1]: 304.0366, found 304.0367.
0.2 mmol) and 17 (138 mg, 0.6 mmol) yields 29 (59 mg, 0.136

(1RS,2SR)-1-Phenyl-2-(phenylselenyl)tetrahydrofuran (35):mmol, 34%) with 82% de. Colorless oil. 2 [α]D
25 5 2 57.0 (c 5

GP1, PhSeBr (47 mg, 0.2 mmol) and 7 (48 mg, 0.34 mmol) yields2.41, CHCl3). 2 1H NMR (CDCl3, 600 MHz): δ 5 0.43 (s, 3 H,
35 (44 mg, 0.145 mmol, 73%). Colorless oil. 2 1H NMR (CDCl3,SiCH3), 0.46 (s, 3 H, SiCH3), 0.90 (t, J 5 7.4 Hz, 3 H, CH3),
300 MHz): δ 5 2.14 (m, 1 H, CHH-4), 2.47 (m, 1 H, CHH-4), 3.571.6021.90 (m, 7 H, 3 3 CH2, OH), 3.11 (d, J 5 3.8 Hz, 1 H,
(q, J 5 6.7 Hz, 1 H, CHSe), 4.04 (td, J 5 7.8 Hz, J 5 7.7 Hz, 1CHSiSe), 3.62 (dt, J 5 7.1 Hz, J 5 5.8 Hz, 1 H, CHHO), 3.70 (dt,
H, CHH-5), 4.17 (td, J 5 8.0 Hz, J 5 5.2 Hz, 1 H, CHH-5), 4.84J 5 8.2 Hz, J 5 6.6 Hz, 1 H, CHHO), 4.16 (ddd, J 5 8.5 Hz, J 5
(d, J 5 6.3 Hz, 1 H, CHOH), 7.2027.40 (m, 8 H, arom. CH), 7.495.5 Hz, J 5 4.1 Hz, 1 H, CHO), 4.89 (t, J 5 6.3 Hz, 1 H, CHOH),
(dd, J 5 7.5 Hz, J 5 1.6 Hz, 2 H, arom. CH). 2 13C NMR (CDCl3,7.11 (td, J 5 7.5 Hz, J 5 1.6 Hz, 1 H, arom. CH), 7.21 (td, J 5
75 MHz): δ 5 34.2 (t, CH2-4), 47.6 (d, CHSe), 67.9 (t, CH2-5),7.5 Hz, J 5 1.1 Hz, 1 H, arom. CH), 7.3027.37 (m, 4 H, arom.
86.1 (d, CHOH), 125.9 (d, 2 C), 127.7 (d), 127.8 (d), 128.3 (d, 2CH) 7.52 (dd, J 5 8.0 Hz, J 5 1.4 Hz, 2 H, arom. CH), 7.75 (dd,
C), 128.8 (s), 129.0 (d, 2 C), 134.7 (d, 2 C), 141.3 (s). 2 IR (CHCl3):J 5 7.9 Hz, J 5 1.2 Hz, 1 H, arom. CH). 2 13C NMR (CDCl3,
ν̃ 5 3064, 3006, 2873, 1579, 1478, 1454, 1438, 1066, 1023 cm21. 275 MHz): δ 5 23.1 (q, SiCH3), 22.6 (q, SiCH3), 10.3 (q, CH3),
MS (EI): m/z (%) 5 304 (55) [M1], 198 (44), 183 (29), 157 (33),27.6 (t, CH2-4), 30.9 (t, CH2-3), 31.0 (t, CH2CH3), 39.2 (d,
146 (100), 117 (93), 105 (83), 91 (82), 77 (66). 2 HRMS calcd. forCHSeSi), 67.7 (t, CH2O), 74.2 (d, CHOH), 80.3 (d, CHO), 125.9
C16H16OSe [M1]: 304.0366, found 304.0360.(d), 127.3 (d), 127.7 (d), 127.8 (d, 2 C), 129.2 (d), 131.6 (s), 134.0

(d, 2 C), 134.3 (d), 137.3 (s), 145.8 (s). 2 77Se NMR (CDCl3, 114 (1R,2R)-1-{2-[(S)-1-Hydroxypropyl]phenyl}seleno-1-(tri-
methyl)silyl-2-methoxy-2-phenylethan (37): GP1, 5 (65 mg, 0.15MHz): δ 5 204.6. 2 IR (CHCl3): ν̃ 5 3435, 3376, 2920, 1770, 1456,
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S. Tomoda, J. Chem. Soc., Chem. Commun. 1995, 164121642.mmol) and 36 (59 mg, 0.33 mmol) yields 37 (65 mg, 0.154 mmol,
2 [5f] K. Fujita, K. Murata, M. Iwaoka, S. Tomoda, Tetra-52%) with 85% de. Colorless oil. 2 [α]D

25 5 288.2 (c 5 0.94, hedron 1997, 53, 202922048. 2 [5g] review: K. Fujita, Rev. Het-
CHCl3). 2 1H NMR (CDCl3, 300 MHz): [ 5 0.04 (s, 9 H, eroatom Chem. 1997, 16, 1012117.
Si(CH3)3], 0.94 (t, J 5 7.4 Hz, 3 H, CH3), 1.71 (quint., J 5 7.1 Hz, [6] [6a] T. G. Back, B. P. Dyck, M. Parvez, J. Org. Chem. 1995, 60,

7032710. 2 [6b] T. G. Back, B. P. Dyck, J. Chem. Soc., Chem.2 H, CH2CH3), 2.09 (s, br, 1 H, OH), 2.82 (d, J 5 6.1 Hz, 1 H,
Commun. 1996, 256722568.CHSeSi), 3.20 (s, 3 H, CH3O), 4.47 (d, J 5 6.1 Hz, 1 H, CHOCH3), [7] M. Tiecco, L. Testaferri, M. Tingoli, D. Bartoli, R. Balducci,

4.97 (t, J 5 6.3 Hz, 1 H, CHOH), 7.04 (td, J 5 7.3 Hz, J 5 1.6 J. Org. Chem. 1990, 55, 4292434.
Hz, 1 H, arom. CH), 7.1327.23 (m, 6 H, arom. CH), 7.3127.37 [8] T. Wirth, G. Fragale, M. Spichty, J. Am. Chem. Soc. 1998,

120, 337623381.(m, 2 H, arom. CH). 2 13C NMR (CDCl3, 75 MHz): δ 5 20.5 [q,
[9] D. L. J. Clive, G. J. Chittattu, V. Farina, W. A. Kiel, S. M.3 C, Si(CH3)3], 10.4 (q, CH3), 31.3 (t, CH2), 45.4 (d, CHSeSi), 57.1

Menchen, C. G. Russell, A. Singh, C. K. Wong, N. J. Curtis, J.
(q, CH3O), 74.6 (d, CHOH), 86.5 (d, CHOCH3), 126.1 (d), 127.18 Am. Chem. Soc. 1980, 102, 443824447.
(d), 127.23 (d, 2 C), 127.5 (d), 127.7 (d), 128.0 (d, 2 C), 131.2 (s), [10] F. Ozawa, A. Kubo, T. Hayashi, J. Am. Chem. Soc. 1991, 113,

141721421.133.8 (d), 141.1 (s), 145.7 (s). 2 IR (CHCl3): ν̃ 5 3604, 3063, 3005,
[11] Stereochemistry assigned via independent synthesis of (R)-2-2964, 1601, 1454, 1135, 1090, 1049, 1016, 859 cm21. 2 MS (EI):

(1,1-dimethylethyl)tetrahydrofuran.
m/z (%) 5 422 (3) [M1], 318 (30), 214 (39), 199 (26), 185 (20), 121 [12] K. Fuji, Chem. Rev. 1993, 93, 203722066.
(100), 91 (42), 73 (52). 2 HRMS: calcd. for C21H30O2SiSe [M1]: [13] T. Wirth, G. Fragale, Synthesis 1998, 1622166.

[14] Y. Okuda, K. Wakamatsu, W. Tueckmantel, K. Oshima, H. No-422.1180, found 422.1194. 2 Pummerer-reaction (GP3) of 37 (55
zaki, Tetrahedron Lett. 1985, 26, 462924632.mg, 0.113 mmol) yields (R)-2-methoxy-2-phenylacetaldehyde 38 (12

[15] [15a] W. Dumont, D. Van Ende, A. Krief, Tetrahedron Lett. 1979,mg, 0.079 mmol, 70%). [38]
20, 4852488. 2 [15b] K. Sachdev, H. S. Sachdev, Tetrahedron
Lett. 1976, 17, 422324226. 2 [15c] D. Van Ende, W. Dumont,4-{[(S)-1-Hydroxypropyl]phenylselenyl}-3-buten-1-ol (40): GP1,
A. Krief, J. Organomet. Chem. 1978, 149, C102C12.5 (87 mg, 0.2 mmol) and 39 (144 mg, 0.4 mmol) yields 40 (22 mg, [16] After double methylation of -mandelic acid and subsequent

0.075 mmol, 20%) as a mixture of (E/Z)-isomers (1.5:1), which reduction with LiAlH4 (S)-39 was obtained. P. N. Confalone, J.
could not be separated. Colorless oil. 2 [α]D

25 5 258.7 (c 5 1.07, Heterocycl. Chem. 1990, 27, 31246.
[17] review: A. Hosomi, Acc. Chem. Res. 1988, 21, 2002206.CHCl3). 2 1H NMR (CDCl3, 300 MHz): δ 5 0.9221.01 (m, 3 H,
[18] G. Rassu, F. Zanardi, L. Battistini, E. Gaetani, G. Casiraghi, J.CH3), 1.3021.40 (m, 1 H, OH), 1.7021.90 (m, 3 H, CH2CH3, OH),

Med. Chem. 1997, 40, 1682180.2.3022.55 (m, 2 H, CH2CH2OH), 3.6023.80 (m, 2 H, CH2OH), [19] C. Barber, P. Bury, P. Kocienski, M. O9Shea, J. Chem. Soc.,
4.9825.04 (m, 1 H, CHOH), 7.1027.65 (m, 4 H, arom. CH), (E)- Chem. Commun. 1991, 159521597.

[20] A. J. Birch, J. Slobbe, Aust. J. Chem. 1976, 29, 273722739.isomer: 5.89 (dt, J 5 15.2 Hz, J 5 7.3 Hz, 1 H, SeCH5CH), 6.46
[21] T. R. Hoye, W. S. Richardson, J. Org. Chem. 1989, 54, 6882693.(d, J 5 15.2 Hz, 1 H, SeCH5CH), (Z)-isomer: 6.12 (dt, J 5 9.0
[22] H. J. Schäfer, Chem. Ber. 1988, 121, 115121158.Hz, J 5 7.2 Hz, 1 H, SeCH5CH), 6.53 (d, J 5 9.0 Hz, 1 H, [23] M. Yamaguchi, I. Hirao, Tetrahedron Lett. 1983, 24, 3912394.

SeCH5CH). 2 13C NMR (CDCl3, 75 MHz): δ 5 10.3 (q, CH3), [24] J. J. Eisch, M. W. Foxton, J. Org. Chem. 1971, 36, 352023526.
31.1/31.2 (t, CH2CH3), 34.6/37.6 (t, CH2CH2OH), 61.6/61.7 (t, [25] L. Crombie, L. J. Rainbow, J. Chem. Soc., Perkin Trans. 1

1994, 6732688.CH2CH2OH), 74.4/74.5 (d, CHOH), 120.1/123.6 (d), 126.3/126.6
[26] Z. Cecovic, L. Dimitrijevic, G. Djokic, T. Srnic, Tetrahedron(d), 128.1 (d, 2 C), 128.8 (s), 131.4/133.0 (d), 133.8/134.7 (d), 145.5/

1979, 35, 202122026.
145.9 (s). 2 IR (CHCl3): ν̃ 5 3604, 3426, 3006, 2966, 2940, 2878, [27] M. Sakamoto, I. Shimizu, A. Yamamoto, Bull. Chem. Soc. Jpn.
1464, 1045, 1007, 972 cm21. 2 MS (EI): m/z (%) 5 286 (24) [M1], 1996, 69, 106521078.

[28] E. Wenkert, E. L. Michelotti, C. S. Swindell, M. Tingoli, J. Org.213 (18), 197 (13), 185 (23), 157 (17), 117 (16), 91 (15), 77 (100). 2
Chem. 1984, 49, 489424899.HRMS calcd. for C13H18O2Se [M1]: 286.0472, found 286.0475. [29] G. Nash, A. J. Waring, J. Chem. Res. Miniprint 1988,
181121823.

[30] D. L. J. Clive, G. J. Chittattu, V. Farina, W. A. Kiel, S. M.[1] [1a] Organoselenium Chemistry, Ed. D. Liotta, Wiley: New York,
Menchen, C. G. Russell, A. Singh, C. K. Wong, N. J. Curtis, J.1987. 2 [1b] C. Paulmier, Selenium Reagents and Intermediates
Am. Chem. Soc. 1980, 102, 443824447.in Organic Synthesis, Pergamon: Oxford, 1986. 2 [1c] K. C. Ni-

[31] S. Yamazaki, H. Kumagai, T. Takada, S. Yamabe, K. Yamam-colaou, N. A. Petasis, Selenium in Natural Products Synthesis,
oto, J. Org. Chem. 1997, 62, 296822974.CIS: Philadelphia, 1984. 2 [1d] T. G. Back, The Chemistry of

[32] Separation of enantiomers: GC Chrompack, β-CD-permethyl-Organic Selenium and Tellurium Compounds; (Ed. S. Patai);
ated, 25 m, 70°C, rate: 0.5°C/min. Spectroscopic data see: D.Wiley: Chichester, U.K., 1987, Vol. 2, Chapter 3.
Guijarro, G. Guillena, B. Mancheno, M. Yus, Tetrahedron 1994,[2] [2a] T. Wirth, Angew. Chem. 1995, 107, 187221873; Angew.
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comparison of the optical rotations see ref. [10]Fragale, Chem. Eur. J. 1997, 3, 189421902. 2 [2c] review: T.
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ated, 25 m, 40°C. Spectroscopic data see: E. Lukevits, L. M.[3] [3a] Y. Nishibayashi, J. D. Singh, S. Uemura, S. Fukuzawa, Tetra-
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[36] Separation of enantiomers: GC Chrompack, β-CD-permethyl- [38] Separation of enantiomers: GC Chrompack, β-CD-permethyl-
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