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Abstract: Trans 4,5-dihydroxy-l,2-dithiane (l,oxidized form of Cleland's reagent; dithiothreitol) is resolved efficiently in > 99% 
overall e.e. into its two enantiomers by fractional reerystallization of its BOC-L-phenylalanyl diesters. © 1997 Elsevier Science Ltd. 

Optically active 1,2-diols are important building blocks in asymmetric synthesis, t Presently the most 

common method for the enantioselective synthesis of 1,2-diols is the asymmetric dihydroxylation of alkenes 

using osmium tetraoxide in the presence of a variety of chiral ligands or catalysts) Variation utilizing simple 

ligands 3 or catalytic processes 4 are emerging. Despite that some limitations relating to the moderate 

enantiomeric excesses of anti 1,2-diols have been noted. 5 In such cases and in situations where the alkene is 

not readily available or possesses a potentially oxidizable functionality, one useful alternative is a resolution 

approach to access chiral materials of high enantiomeric excess. 6 In contrast to the resolution of primary and 

secondary alcohols by chemical and enzymatic methods, 7 few efficient methods of potential application to 

large scale have been reported for the resolution of vicinal diols. For example, enzyme-catalyzed hydrolysis 

methods s as well as chemical resolution protocols using C2-synunetric dihydropyrans 9 have been recently 

reported. The latter method effects essentially a thermodynamic resolution via the enantioselective formation 

of dispiroketals. 

As part of an ongoing project, we required both enantiomers of trans 4,5-dihydroxy-l,2-dithiane (1) in 

multigram quantities. Here we report on the efficient resolution of 1 using amino acids. 

Reaction of racemic 1 with N-t-butoxycarbonyl-L-phenylalanine (2) in methylene chloride in the 

presence of dicyclohexylcarbodiimide gave a diastereomeric mixture of esters 3 and 4 in equal amounts 

(Scheme 1). After removal of unreacted reagents by chromatography on silica gel, the mixture of 3 and 4 was 

obtained in 68% yield. Fractional crystallization with 1.5% ethyl acetate in hexanes provided the 4S,5S ester 

in 45% yield based on single isomer (90% theory) in one single crystallization step. Fractional 

recrystallization of the mother liquor containing 3 : 4 (1:10 ratio after removal of 3) with 10% ethyl acetate in 

hexanes provided the 4R,5R ester 4 in 27% yield (54% based on theory). Hydrolysis of 3 or 4 was readily 

achieved by reaction with saturated K2CO3 or NaOMe in methanol in excellent yield to provide the desired 

diols 5 and 6 in > 99% e.e. as evidenced by comparison of the specific rotation of 6 with an authentic sample 

derived from L-tartaric acid. t° 
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Scheme 1 
An important aspect of all resolutions is to rely on efficient methods for the analysis of compounds 

immediately after the resolution step. In this regard, the % de of 3 and 4 was assessed by HPLC methods (Fig. 

1) on C18 column using reverse phase conditions (experimental section). Despite the excellent agreement in 

the specific rotation values of 6 with the literature,/° it was felt necessary to confirm this absolute value since 

the literature value was not supported by a chromatographic method. In this regard, the bisbenzoate derivative 

of 1 was resolved on chiralcel OD column using normal phase conditions (Fig. 2) with isopropanol/hexanes 

(1:9) as eluent. Analysis of 5 and 6 by this method established the % ee to be > 99% and > 97.5% 

respectively. 

1,2-Dithiane-4,5-diol derivatives have recently been reported to inhibit the replication of HIV-1 and 

HIV-2 (the causative agents of AIDS) by mediating an electrophilic attack on the zinc finger region of the 

nucleocapsid p7 protein." We believe that access to dithianes 5 and 6 in gram amounts will provide 

isomerically pure analogues with enhanced selectivity and therapeutic potential.12 
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In summary, we achieved an efficient resolution of both enantiomers of trans 4,5-dihydroxy-1,2-dithiane 

via their C2-symmetric Boc phenylalanyl esters and established the isomeric purity of the esters 3 and 4 and 

resolved enantiomers 5 and 6 by HPLC methods.' TM 

EXPERIMENTAL SECTION 

(4S,5S)-(-)-Bis-N-tert-butoxy-L-phenylalanyloxy-l,2-dithiane (3). To a solution of (+)-trans-4,5- 
dihydroxy-1,2-dithiane (4.76 g, 31.31 mmol), N-tert-butoxycarbonyl-L-phenylalanine (18.28 g, 69.0 retool), 4- 
dimethylaminopyridine (10 mg) and methylene chloride (200 ml) at 0 °C under N2 was added a solution of 
dicyclohexylcarbodiimide (14.2 g, 68.9 mmol) in methylene chloride (100 ml) over 5 min. during which time 
a white precipitant formed. The reaction was stirred at 0 °C for 1 hr and then at rt for 12 hrs at which times 
methanol (5 ml) and glacial acetic acid (0.2 ml) was added to quench the reaction. The reaction mixture was 
filtered through a pad of Celite and the filtrate was concentrated and purified by column chromatography 
eluting with 10% ethyl acetate/hexanes to give 13.84 g (68%) of a diastereomeric mixture (1/1 ratio), The 
diastereomeric mixture was dissolved with heating in 1L of 1.5% of ethyl acetate/hexanes. Immediately upon 
removal from heat crystallization began. While the solution was still warm, the white solid was removed 
twice by filtration to give 6.26 g of the desired product (4S,5S)-(-)-Bis-N-tert-butoxy-L-phenylalanyloxy-l,2- 
dithiane: [~]D 24 = -63.8 (C 0.52, CHC13); m.p. 84-85 °C; IH NMR (CDC13, 300 MHz) 8 1.40 (s,18H), 2.8-3.04 
(m,6H), 3.14 (dd,2H,J=5.9,14.0 Hz), 4.45 (q,2H,J=8.0 Hz), 5.09 (m,2H), 5.23 (d,2H,J=7.2 Hz), 7.20 
(d,2H,J=6.5 Hz), 7.25-7.33 (m,6H); 13C NMR (CDC13, 100 MHz) 8 28.3, 37.5, 38.2, 54.8, 72.8, 79.0, 127.0, 
128.5, 129.2, 136.1,155.6, 171.2; UVmax (MeOH)210 nm; 100% de based on HPLC analysis: retention time 
= 19.63 min., column: YMC PVA-SIL 50- 120 A, flow rate: 1.0 ml/min., eluent: 10-30% ethyl 
acetate/hexanes, detection: 270 nm; Anal. Calcd for C32H42OsN2S: C, 59.44; H, 6.50; N, 4.33; S, 9.91. 
Found: C, 59.38, H, 6.79; N, 4.32; S, 9.84. 

(4R,5R)-(+)-Bis-N-tert-butoxy-L-phenylalanyloxy-l,2-dithiane (4). The mother liquor after removal of 
(3) was concentrated and repeatedly recrystallized from 10% ethyl acetate/hexanes to give 3.63 g (26.5%) of 
(4R,5R)-(+)-Bis-N-tert-butoxy-L-phenylalanyloxy-l,2-dithiane as a white solid: [Ix]D u = +86.4 (c 0.50, 
CHCI3); m.p. 134-135 °C; lH NMR (CDCI3, 300 MHz) ~ 1.40 (s,18H), 2.80-3.14 (m,8H), 4.51 (q,2H,J=5 Hz), 
4.90-5.10 (m,4H), 7.11 (d,4H,J=6.2 Hz), 7.2-7.32 (m,6H); 13C NMR (CDC13, 100 MHz) ~ 28.3, 37.6, 38.0, 
54.6, 72.4, 80.1, 127.1, 128.6, 129.2, 135.7, 155.0, 170.6; UV (MeOH) 210 nm; 100% de based on HPLC 
analysis retention time = 22.46 min., column: YMC PVA-SIL 50- 120 A, flow rate: 1.0 ml/min., eluent: 10- 
30% ethyl acetate/hexanes, detection: 270 nm; Anal. Calcd for C32I-h2OsNsS: C, 59.44; H, 6.50; N, 4.33; S, 
9.91. Found: C, 59.76, H, 6.94; N, 4.28; S, 9.95. 
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(4S,5S)-(-)-Dihydroxy-l,2-dithiane (5). To a slurry of (4S,5S)-(-)-Bis-N-tert-butoxycarbonyl-L- 
phenylalanyloxy-l,2-dithiane (2.50 g, 3.87 mmol) and MeOH (40 ml) was added a NaOCH~VIeOH solution 
(4.37 mM, 1.9 ml, 8.51 mmol). The reaction was stirred at 0 °C for 15 min. and concentrated in vacuo. The 
resulting residue was dissolved in a minimum amount of ethyl acetate/hexanes (1/1) and purified by column 
chromatography eluting with 1/1 ethyl acetate/hexanes to yield 549 mg (93%) of the desired product as a white 
crystalline solid: m,p. 114-115 °C; [~]D 24 = -262 (C 0.33, CHC13), 1H NMR (CDCI3, 300 MHz) 5 2.59 (br 
s,2H), 2.93-3.20 (br m,4H), 2.70 (br s,2H); UVmax (H20), 282.8 nm. Anal. Calcd C4I-I802S2: C, 31.58; H, 
5.30. Found: C, 31.68, H 5.50. 

(4R,5R)-(+)-Dihydroxy-l,2-dithiane (6). Similar procedure to yield 583 mg (99%) of the desired 
product as a white crystalline solid: m.p. 113-115 °C; [Ct]D 24 = +258 (C 0.35,CHC13), lit. value '° [tz]o = +260 
(c 0.32,CHC13); IH NMR (CDCI3, 300 MHz) 5 2.59 (br s,2H), 2.93-3.20 (br m,4H), 2.70 (br s,2H); UVm~ 
(H20) 283.5 nm. Anal. Calcd C4H802S2: C, 31.58; H, 5.30. Found C, 31.73; H, 5.59. 
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