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ABSTRACT

6-(2,4-Dichlorophenyl)-D-erythro-1,2,4-hexanetriol, synthesised from D-glucose, was partially sily-
lated, then reacted with 2-methoxypropene to afford 1-O-tert-butyldimethylsilyl-6-(2,4-dichlorophenyl)-
2,4-O-isopropylidene-p-erythro-1,2,4-hexanetriol (17). Desilylation of 17 gave 6-(2,4-dichlorophenyl)-2,4-
O-isopropylidene-D-erythro-1,2,4-hexanetriol, which was converted into the 1-tosylate 18 and the 1-bromo
derivative 19. Reaction of 18 with potassium thiolbenzoate gave, after debenzoylation, oxidation, and
deprotection, 6-(2,4-dichlorophenyl)-p-eryrhro-2,4-dihydroxyhexane-1-sulfonic acid (4). Reaction of 18 or
19 with triethyl phosphite gave, after deprotection, 6-(2,4-dichlorophenyl)-p-erythro-2,4-dihydroxyhexyl-
phosphonic acid (8), and reaction of 19 with potassium cyanide gave, after subsequent hydrolysis and
deprotection, 7-(2,4-dichlorophenyl)-p-erythro-3-hydroxy-5-heptanolide (3).

INTRODUCTION

In the preceding paper', the synthesis of the mevalonic acid analogue 1 was
described, which differed from the model compound 3 of known biological activity? by
an additional hydroxyl group in the lactone moiety. However, both 1 and its bioisosteric
derivative 2, in which the carboxyl group was substituted by the sulfonic acid group,
were less active than the corresponding dihydroxy derivative 3**. In order to determine
the possible influence of the additional hydroxyl group on the biological activity, the
synthesis of analogues of 3, which differ only in the nature of the acidic group, i.e. the
sulfonic acid 4 and the phosphonic acid 5, was undertaken.

The strategy of Lee® was applied, starting from p-glucose (6) and involving (a)
removal of HO-3 by reduction, (b) replacement of C-5,6 by the 2,4-dichlorophenylethyl
substituent, and (¢) introduction of the new acidic group via a chain elongation at C-1.

* Potential Inhibitors of HMG-CoA Reductase, Part 1. For Part I, see ref. 1.

' Author for correspondence.

** Despite the fact that 3 was synthesised as the optically pure p-erythro isomer by two different approach-
es™*, the racemate was used for the biological investigations®.

0008-6215/92/$05.00 © 1992 - Elsevier Science Publishers B.V. All rights reserved.
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The reductive elimination of HO-3 involved® conversion of the 1,2:5,6-di-O-
isopropylidene derivative 7 into the 3-O-(S-methyl dithiocarbonate) 8, followed by
reduction with Bu,SnH’’ to afford the 3-deoxy derivative 9 (80% from 7). The
drawbacks of this approach are the toxic reagents and the high price of Bu,SnH.
Therefore, 7 was converted® into the 3-deoxy-3-iodo-p-allo derivative 10, using Ph,P, I,
and imidazole in toluene at 110°. Reduction of 10 by Bu,SnH® gave 92% of 9 but,
because of the drawbacks mentioned above, NiCl,-NaBH, in ethanol®" was used.
Thus, 9 was obtained by a safe and simple procedure in an overall yield of 68% from 7.

Partial hydrolysis of 9 and subsequent periodate oxidation'' afforded 11, the free
aldehyde group of which was converted via a Wittig reaction with the 2,4-dichloroben-
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zyltriphenylphosphonium ylid 12 in 1:4 N, N-dimethylformamide-tetrahydrofuran into
14. According to the n.m.r. data, 14 was a 3:1 mixture of the Z and E isomers (J;, 11.4
and 16.0 Hz, respectively) which could not be resolved by column chromatography.
Hydrogenation (Pd/C) of this mixture gave, after hydrolysis, the free saturated lactol
13°.

Borohydride reduction of 13 afforded the triol 15, which was the key intermediate
in the synthesis of the target molecules 4 and 5 (4 was isolated as the potassium salt 29).
Since, the direct activation of HO-1 would lead' only to the 1,4-anhydro derivative 27,
due to rapid intramolecular cyclisation, an indirect route was used. Thus, HO-1 in 15
was protected by the ‘BuMe,Si group (—16) and HO-3,5 were blocked by the isopropy-
lidene group (—17). Protection by acetylation was avoided because of possible acetyl
migration' during the removal of the '‘BuMe,Si group. The silyl group of 17 was
removed by reaction with Bu,NF in tetrahydrofuran to give 95% of 26. The primary
hydroxyl group of 26 was activated either by tosylation (—18) or by conversion into the
bromide 19 by treatment'? with N-bromosuccinimide and Ph,P in N, N-dimethylforma-
mide. Treatment of 18 with a boiling solution of sodium iodide in acetone gave the
iodide 20.

Both 18 and 19 are suitable for the introduction of acidic functions at C-1. Thus,
treatment of 18 with potassium thiolbenzoate in boiling acetone afforded 85% of 22,
which was converted into thiol 23 on treatment with methanolic sodium methoxide (at
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least 1.1 equiv. because of the acidity of the SH group). Oxidation' of 23 with KMnQ, in
acetone afforded the potassium sulfonate 24, which was hydrolysed with acid to give 29.

When 18 was treated with sodium diethyl phosphonate''?, only the derivative 26
could be isolated. The Michaelis-Arbusov reaction'”"'” of 18 with triethyl phosphite at
150-160° afforded 58% of the diethyl phosphonate 25. A higher yield (78% ) of 25 was
obtained when this reaction was applied to the bromide 19. The ester 25 was deprotected
using Me,SiCl-Nal in N, N-dimethylformamide'® to give the silylated intermediate 28,
which hydrolysed spontaneously in the presence of water to yield 5.

In order to obtain appropriate biological data, the activites of 29, 5, and 3 should
be compared. However, only the biclogical activity of racemic 3 has been reported-.
Hence, 3 was synthesised from the bromide 19 by treatment in sequence with sodium
cyanide in hexamethylphosphoric triamide at 80° to give the nitrile 21, oxidation with
H,0, in dimethyl sulfoxide'”, and hydrolysis of the resulting amide. The lactone 3 (v, _,,
1730 cm ') was identical with that described*.

BIOLOGICAL RESULTS

The assay for the inhibition of HMG-CoA reductase was carried as described’ for
racemic 3, but with the p-erythro(3R,5 R)isomer. The following activities were obtained:
3 (10 °M) 82% inhibition relative to that of compactin (cf. 80% for racemic 3), 29
(107°m) 13.3%, 5 (10" *M) 16.2%.

Thus, exchange of the carboxy! group at C-1 by a sulfonic (29) or phosphonic (5)
group decreases the activity significantly.

EXPERIMENTAL

General methods. — Organic solutions were dried over MgSO, and concentrated
under diminished pressure. Reactions were carried out at 20° and optical rotations were
determined on 1% solutions in CHCI, at 20° unless stated otherwise.

T.l.c. was performed on Kieselgel G with EtOAc (4), EtOAc-hexane (B 3:1, C
2L,DLLEL2, FE3, G4, H1:5,11:6,and J1:10), and EtOAc-EtOH (K2:1, L 1:1, M
1:2, and N 1:3), with detection by charring with H,SO,. N.m.r. spectra (‘H, 250 MHz;
"C, 75 MHz) were recorded on a Bruker Ac 250 spectrometer on solutions in CDCI,
(internal Me,Si) unless stated otherwise. Multiplicities of ’C signals were obtained from
DEPT experiments.

7-( 2,4-Dichlorophenyl )-D-erythro-3-hydroxy-5-heptanolide (3). — A solution of
K,CO, (0.1 g) in water (0.5 mL) was added to a stirred solution of 23 (0.17 g) in Me,SO (8
mL) at 0%, then aq. 30% H,0, (0.2 mL) was added. The mixture was stirred for 2 h at 0°,
then concentrated at 12 Pa. To a solution of the residue in 1:1 water-MeCN (4 mL) was
added 2m HCI (1 mL), and the solution was boiled under reflux for 3 h, then concentrat-
ed. Column chromatography (solvent A) of the residue gave 3 (0.065 g, 46.4% ), isolated
as a syrup, [a], +60.2°, R, 0.3 (solvent 4); lit." [¢)2" +63.1°; lit.* [2]” +59.7°. N.m.r.

D

data: 'H, 5 7.35 (m, 1 H, H-3', aromatic), 7.17 (m, 2 H, H-5.,¢", aromatic), 4.70 (m, | H,
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H-5), 4.38 (m, 1 H, H-3), 3.05-2.57 (m, 4 H, H-2a,2b,7a,7b), and 2.05-1.70 (m, 4 H,
H-4a,4b,6a,6b); *C, 4 170.5 (C-1), 137.3 (C-1’, aromatic), 134.6 (C-4’, aromatic), 132.7
(C-2', aromatic), 131.4 (C-6', aromatic), 129.4 (C-3', aromatic), 127.3 (C-5', aromatic),
74.9 (C-5), 62.7 (C-3), 38.7 (C-2), 35.9 (C-4), 35.2 (C-6), and 28.7 (C-7).

Anal. Cale. for C;H,,CL,0,: C, 54.00; H, 4.87. Found: C, 53.95; H, 4.93.

6-(2,4-Dichlorophenyl )-D-erythro-2, 4-dihydroxyhexylphosphonic acid (5). —
Chlorotrimethylsilane (0.5 mL) and Nal (0.58 g) were added to a stirred solution of 25
(0.41 g) in MeCN (8 mL). The mixture was kept for 3 h at 60° (bath) to give the
intermediate 28, R 0.15 (solvent A), then cooled, filtered, washed with MeCN, and
concentrated. A solution of the residue in water was neutralised with conc. NH,OH and
extracted with CHCI,, and the aqueous solution was concentrated. The cations were
removed from an aqueous solution of the residue with Varion KS (H*) resin and the
solution was concentrated to give 5 (0.12 g, 40.0%), isolated as a syrup, [«], +13.6° (c
0.7, MeOH). N.m.r. data: '"H (MeOD + D,0),5 7.41 (d, 1 H, H-3, aromatic), 7.32 (d, 1
H, H-6', aromatic), 7.26 (dd, 1 H, H-5, aromatic), 4.20 (m, 1 H, H-2), 3.86 (m, 1 H, H-4),
2.95-2.65 (m, 2 H, H-6a,6b), and 2.1-1.65 (m, 6 H, H-1a,1b,3a,3b,5a,5b); J, 5 1.6, J; &
8.3 Hz; C (MeOD), § 139.6 (C-1’, aromatic), 135.2 (C-4', aromatic), 132.9 (C-2/,
aromatic), 132.6 (C-6', aromatic), 129.8 (C-3', aromatic), 128.2 (C-5', aromatic), 70.1
(C-4), 66.8 (C-2),45.2(C-3), 37.6 (C-5),36.2(C-1),and 29.7 (C-6); 'J ., » 133,°J ;- 10.5
Hz.

Anal. Cale. for C,,H,,CL,OP: C, 42.00; H, 4.99. Found: C, 42.11; H, 4.97.

3-Deoxy-1,2:5,6-di-O-isopropylidene-a-D-ribo-hexofuranose (9). — (a) A mixture
of 3-deoxy-1,2:5,6-di-O-isopropylidene-3-iodo-p-allo-furanose® (10, 25 g) and Bu,SnH
(20.0 mL) in toluene (300 mL) was stirred under reflux for 40 min. The residue obtained
after concentration was purified by column chromatography (solvent D) to give 9(15.6
g, 96%), isolated as a syrup, [}, —4.9°(c0.5), R 0.55 (D); 1it.” [«]'} — 8.6° (EtOH); lit.
[ —7.5°.N.m.r. data: '"H,d 5.74 (d, 1 H, H-1),4.70(dd, 1 H, H-2), 4.15-3.70 (m, 4 H,
H-4,5,6a,6b), 2.11 (dd, 1 H, H-3a), 1.69 (ddd, 1 H, H-3b), 1.24, 1.28, 1.34,and 1.43 (4 s,
each 3 H, 2 CMe,); J,, 3.6, J,,, 4.6, J,, 5, 13.1, J,,, 3.5, J,, , 9.9 Hz.

(b) A solution of NiCl,-6H,0 (0.041 g) in EtOH (1 mL) was added dropwise to a
cooled (0-10°) and stirred mixture of 10 (1.3 g) and NaBH, (0.40 g) in EtOH (25 mL).
The temperature was raised to 20-25°. The resulting black suspension was neutralised
with M HCl and filtered. The filtrate was concentrated and the residue was extracted with
CHC(], to give, after column chromatography (solvent E), 9 (0.68 g, 79.6%).

Anal. Calc. for C,,H,,0,: C, 59.02; H, 8.25. Found: C, 58.96; H, 8.32.

6-(2,4-Dichlorophenyl )-D-erythro-1,2,4-hexanetriol (15). — To a stirred solution
of 13° (5.2 g) in EtOH (100 mL) at 0° was added NaBH, (1.4 g). After 1 h, the solution
was neutralised with acetic acid and concentrated, and the residue was extracted with
hot CHCI,. Concentration of the extract gave 15 as a crude syrup (5.0 g, 95.6%).
Column chromatography (solvent 4) gave material with [«], +8.3°, R,.0.15 (solvent 4).
N.m.1. data: '"H, § 7.36-7.18 (m, 3 H, aromatic), 4.1-3.9 (m, 2 H, H-2,4), 3.66 (dd, 1 H,
H-1a), 3.49 (dd, 1 H, H-1b), 3.0-2.7 (m, 2 H, H-6a,6b), and 1.9-1.6 (m, 4 H,
H-3a,3b,5a,5b); J,,, 11.0,J,,,3.4,J,,,, 6.6 Hz; 13C,6131.3(d, C-6¢, aromatic), 129.3 (d,
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C-¥, aromatic), 127.2 (d, C-5, aromatic), 72.7, 71.4 (d, C-2,4), 66.8 (t, C-1), 39.0 and
37.8 (t, C-3,5).

Anal. Calc. for C,,H,,CL,0;: C, 51.63; H, 5.78. Found: C, 51.74; H, 5.81.

1-O-tert-Butyldimethylsilyl-6 -( 2,4 -dichlorophenyl )-p-erythro-1,2,4-hexanetriol
(16). — 'BuMe,SiCl (5.9 g) was added to a solution of 15 (10 g) in pyridine (80 mL) under
N,. After 3 h, when the reaction was completed, H,O (1 mL) was added and the mixture
was processed in the usual way to give, after column chromatography (solvent D), 16
(11.1 g, 78.8%), isolated as a syrup, [a], +11.2° (¢ 0.4), R 0.7 (solvent 4). N.m.r. data:
'H,87.36(d, | H, H-3', aromatic), 7.2-7.1 (m, 2 H, H-5',6', aromatic), 3.96-3.84 (m, 2 H,
H-2,4),3.60(dd, 1 H, H-1a), 3.43 (dd, | H, H-1b), 2.83 (m, 2 H, H-6a,6b), 1.8-1.5 (m, 4
H, H-3a,3b,5a,5b),0.9(s,9 H, '‘Bu), and 0.1 (s, 6 H, Me,Si); J, ,, 9.9, J,,,3.7,J,,, 7.2 Hz;
BC,6131.4(d, C-6', aromatic), 129.2 (d, C-3', aromatic), 127.0(d, C-5, aromatic), 72.9,
70.9(d, C-2,4), 67.2(t, C-1), 39.0, 37.4 (t, C-3,5), 29.0 (t, C-6), 25.9 (g, CMe;,), 0.01 and
5.4 (each q, Me,Si).

Anal. Cale. for C,H,,CL,0O,Si: C, 58.19; H, 7.91. Found: C, 58.24; H, 7.85.

1-O-tert-Butyldimethylsilyl-6 - ( 2,4-dichlorophenyl )-2,4-O -isopropylidene-D -ery-
thro-1,2,4-hexanetriol (17). — p-Toluenesulfonic acid (0.15 g) was added to a stirred
mixture of 16 (6.5 g) and 2-methoxypropene (1.82 mL) in acetone (80 mL) under N,.
After 40 min, Et,N (0.1 mL) was added and the solution was concentrated. Column
chromatography (solvent F) of the residue gave 17 (6.4 g, 89.5%), isolated as a syrup,
[a], +25.9°, R.0.8 (solvent D). N.m.r.data: '"H,57.35 (m, 1 H, H-3', aromatic), 7.15 (m,
2 H, H-5,¢’, aromatic), 3.95-3.72 (m, 2 H, H-2,4), 3.66 (dd, 1 H, H-1a), 3.46 (dd, 1 H,
H-1b), 2.92-2.66 (m, 2 H, H-6a,6b), 1.75 (m, 2 H, H-5a,5b), 1.59 (m, | H, H-3a), 1.42,
1.40 (2 s, each 3 H, Me,C), 1.16 (m, 1 H, H-3b), 0.89 (s, 9 H, Me,C), and 0.06 (s, 6 H,
Me,Si).

Anal. Calc. for C, H,,C1,0,Si: C, 58.19; H, 7.91. Found: C, 58.12; H, 8.02.

6-(2,4- Dichlorophenyl) -2,4-O -isopropylidene - 1 -O-p-toluenesulfonyl-p-erythro-
1,2,4-hexanetriol (18). — To a solution of 26 (4.5 g) in pyridine (60 mL) was added tosyl
chloride (4.01 g). After 7 h, the mixture was processed in the usual way. Crystallisation
of the product from EtOAc-hexane gave 18 (5.4 g, 81.8%), m.p. 86-87° [a], + 14.9°.
N.m.r. data: 'H, 6 7.79 (d, 2 H, H-3",5”, aromatic), 7.33 (m, 3 H, H-3".2",6”, aromatic),
7.14(m, 2 H, H-5',6', aromatic), 4.07 (m, | H, H-2),4.0-3.85 (m,2H, H-1a,1b), 3.78 (m,
1 H, H-4),2.75 (m, 2 H, H-6a,6b), 2.44 (s, 3 H, TsMe), 1.71 (m, 2 H, H-5a,5b), 1.48 (dt, 1
H, H-3a), 1.35, 1.33 (2 s, each 3 H, Me,C), and 1.17 (q, 1 H, H-3b); /. ,, 12.6, J,,, 2.3,
J3322.5, 034 11.5, 7,5, 11.5Hz; PC, 6 131.2(d, C-6', aromatic), 129.3 (d, C-3', aromatic),
127.1 (d, C-5, aromatic), 77.4, 72.7 (d, C-2,4), 75.3 (t, C-1), 41.5 (1, C-3), 35.1 (t, C-5),
and 29.8 (t, C-6).

Anal. Calc. for C,,H,,CL,0,S: C, 55.81; H, 5.54. Found: C, 55.72; H, 5.63.

The tosylate 18 was unstable at room temperature and decomposed slowly to give
27.

1-Bromo-6-( 2,4-dichlorophenyl)-2,4-O-isopropylidene-pD-erythro-2,4-hexanediol
(19). — (a) Triphenylphosphine (0.9 g) was added gradually to a solution of 26 (1 g) and
N-bromosuccinimide (0.61 g) in N, N-dimethylformamide (30 mL) at 0°. The mixture
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was heated for 1 hat 50° (bath), then cooled, EtOAc (70 mL) was added, the mixture was
washed with brine (40 mL), dried, and filtered, and the solvent was evaporated. The
semicrystalline residue was extracted with ether, and the extract was filtered from Ph,PO
and concentrated. Column chromatography (solvent F) of the residue gave 19 (0.9 g,
75.0%), isolated as a syrup, Ry 0.80 (solvent D).

(b) Triphenylphosphine (0.74 g) was added gradually to a solution of 26 (0.6 g)
and N-bromosuccinimide (0.5 g) in CH,Cl, (10 mL) at 0°. The mixture was boiled under
reflux for 40 min, then cooled, diluted with CH,Cl, (50 mL), washed with aq. 5%
NaHCO, (10 mL), dried, filtered, and concentrated. Column chromatography (solvent
F) of the residue gave 19(0.55 g, 76.6% ), R;: 0.8 (solvent D). N.m.r. data: '"H,§7.36 (m, 1
H, H-3’, aromatic), 7.15 (m, 2 H, H-5,6’, aromatic), 4.01 (m, 1 H, H-2), 3.78 (m, 1 H,
H-4), 3.36 (dd, 1 H, H-1a), 3.24 (dd, 1 H, H-1b), 2.80 (m, 2 H, H-6a,6b), 1.85-1.70 (m, 3
H, H-3a,5a,5b), 1.43 (s, 6 H, Me,C), and 1.22 (q, 1 H, H-3b); J5, 4, 12.6, J5,, 11.7, J, 5,
11.7 Hz.

Anal. Calc. for C,;H,,BrCl,0,: C, 47.15; H, 5.01. Found: C, 47.26; H, 4.98.

6-(2,4-Dichlorophenyl) -1-iodo-2,4-O-isopropylidene -p-erythro-2,4 -hexanediol
(20). — A solution of 18 (1.5 g) and dry Nal (2.37 g) in dry acetone (30 mL) was boiled
under reflux for 3 h, then cooled, and the solvent was evaporated. A solution of the
semi-crystalline residue in CHCI, (50 mL) was washed with water, saturated aq.
Na,S,0,, and water, dried, filtered, and concentrated. Column chromatography (sol-
vent I) of the residue gave 20 (0.8 g, 58.8%), isolated as a syrup, Ry 0.7 (solvent F).
N.m.r. data: 'H, § 7.36 (m, 1 H, H-3', aromatic), 7.16 (m, 2 H, H-5,6', aromatic),
3.90-3.70 (m, 2 H, H-2,4), 3.20-3.05 (m, 2 H, H-1a,1b), 2.80 (m, 2 H, H-6a,6b),
1.85-1.70 (m, 3 H, H-3a,5a,5b), 1.44, 1.42(2s, each 3 H, CMe,), and 1.15 (m, 1 H, H-3b);
13C, 6 137.9 (C-1’, aromatic), 134.6 (C-4', aromatic), 132.2 (C-2/, aromatic), 131.4 (C-6',
aromatic), 129.2 (C-3’, aromatic), 126.9 (C-5', aromatic), 99.4 (CMe,), 69.2, 67.6
(C-2,4), 36.7 (C-3), 35.6 (C-5), 29.9 (C-6), 28.4 (C-1), 19.9, and 9.4 (CMe,).

Anal. Calc. for C;H ,CLIO,: C, 40.11; H, 4.26. Found: C, 40.02; H, 4.29.

1-Cyano-6-(2,4-dichlorophenyl) -2,4-O-isopropylidene-p-erythro-2,4-hexanediol
(21). — Dry NaCN (0.38 g) in hexamethylphosphoric triamide (7 mL) was heated, with
stirring, under N, for 1 h at 60-70° (bath). A solution of 19 (0.5 g) in hexamethyl-
phosphoric triamide (3 mL) was added and heating was continued for 3 h. The mixture
was cooled, aq. 10% LiCl (30 mL) was added, the mixture was extracted with ether (3 x
20 mL), and the combined extracts were washed with aq. 10% LiCl (10 mL), dried,
filtered, and concentrated. Column chromatography (solvent F) of the residue gave 21
(0.3g,67.9%),isolated asa syrup, [a], + 34.7°(c0.1), R; 0.4 (solvent F). N.m.r. data: 'H,
7.36(m, 1 H, H-¥, aromatic), 7.15 (m, 2 H, H-5',6’, aromatic), 4.10 (m, 1 H, H-3), 3.80
(m, 1 H, H-5), 2.80 (m, 2 H, H-7a,7b), 2.50 (m, 2 H, H-2a,2b), 1.77 (m, 2 H, H-6a,6b),
1.65 (dt, 1 H, H-4a), 1.43 (s, 6 H, CMe,), and 1.32(q, 1 H, H-4b); J,, ,, 12.7, J; ,, 2.5, J . 5
2.3, Jy 4 11.5, J4 s 11.5 Hz.

Anal. Calc. for: C,;H,,CI,NO,: C, 58.55; H, 5.83. Found: C, 58.62; H, 5.86.

1-Benzoylthio-6-(2,4-dichlorophenyl)-2,4-O-isopropylidene-D-erythro-2,4-hexa-
nediol (22). — A solution of 18 (2 g) and potassium thiolbenzoate (1.15 g) in acetone (30
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mL) was boiled under reflux for 11 h, then cooled, filtered, and concentrated. A solution
of the residue in CHCI, (30 mL) was washed with aq. 5% NaHCO, (10 mL) and water
(10 mL), dried, filtered, and concentrated. Column chromatography (solvent G) of the
residue gave 22 (1.6 g, 86.0% ), isolated as a syrup, R, 0.5 (solvent F). N.m.r. data: '"H, ¢
7.98 (d, 2 H, H-2".6", aromatic), 7.58 (t, | H, H-4", aromatic), 7.45 (t, 2 H, H-3",5",
aromatic), 7.35 (m, 1 H, H-3', aromatic), 7.14 (m, 2 H, H-5',6', aromatic), 4.00 (m, | H,
H-2), 3.78 (m, 1 H, H-4), 3.25 (dd, 1 H, H-1a), 3.13 (dd, 1 H, H-1b), 2.79 (m, 2 H,
H-6a,6b), 1.75 (m, 2 H, H-5a,5b), 1.66 (dt, 1 H, H-3a), 1.43, 1.41 (25, each 3 H, CMe,),
and 1.30(q, 1 H, H-3b); J,,,, 13.6,J,,, 5.1, J;4,, 6.6, /3,3, 13.0, J,5, 3.3, /3, , 3.3, J3,, 12.0,
J, 4, 12.0 Hz.

Anal. Calc, for C,,H,,CL,0:S: C, 60.13; H, 5.51. Found: C, 60.27; H, 5.43.

6-{2,4- Dichlorophenyl )- 2,4-O-isopropylidene- I-mercapto-D-erythro-2,4-hexane-
diol (23). — A solution of 22 (0.53 g) and methanolic 4.4M sodium methoxide (0.32 mL)
in 2:1 tetrahydrofuran-MeOH (6 mL) was boiled under reflux, with stirring under N,.
After 2 h, the mixture was cooled, neutralised with acetic acid, and concentrated. A
solution of the residue in CHCI, was washed with water, dried, filtered, and concentrat-
ed. Column chromatography (solvent H) of the residue gave 23 (0.37 g, 92.5%), isolated
as a syrup, R 0.4 (H). N.m.r. data: 'H, § 7.35 (m, 1 H, H-3, aromatic), 7.15 (m, 2 H,
H-5,6/, aromatic), 4.05 (m, 1 H, H-2), 3.78 (m, 1 H, H-4), 2.90-2.65 (m, 4 H,
H-1a,1b,6a,6b), 1.75 (m, 2 H, H-5a,5b), 1.68 (dt, 1 H, H-3a), 1.43, 1.42 (25, each 3 H,
CMe,), and 1.20 (q, 1 H, H-3b); J,, ,, 12.8, J,4, 2.4, /5, , 2.4, J, , 12.0, J,,, 12.0 Hz.

Anal. Cale. for C,{H,,C1,0,S: C, 53.73; H, 6.01. Found: C, 53.81; H, 5.98.

Potassium 6-(2,4-dichlorophenyl) -D-erythro-2,4-isopropylidenedioxyhexane-1-
sulfonate (24). — A solution of 23 (0.20 g) and KMnO, (0.60 g) in acetone (10 mL) and
water (0.5 mL) was boiled under reflux for 10 h. More KMnQ, (0.10 g) was added and
boiling was continued for 5 h. The mixture was cooled, the residual KMnQ, was
decomposed with aq. H,0, (30%), the brown precipitate was filtered off, and the
solution was concentrated. Column chromatography (solvent K) of the residue gave 24
(0.14 g, 56.0% ), isolated asa syrup, [a], 0° (0.1, MeOH), R,. 0.4 (solvent ). N.m.r. data
(MeOD): 'H,§ 7.38 (m, 1 H, H-3’, aromatic), 7.24 (m, 2 H, H-5',6’, aromatic), 4.38 (m, 1
H, H-2), 3.86 (m, 1 H, H-4), 3.04 (dd, 1 H, H-1a), 2.86 (dd, 1 H, H-1b), 2.80 (m, 2 H,
H-6a,6b), 1.99(d, 1 H, H-3a), 1.72 (m, 2 H, H-5a,5b), 1.46, 1.35 (2 5, each 3 H, CMe,),
and 1.22(q, L H,H-3b); J,, ,,13.8,J,,,4.3,J,,, 7.7, J3, 5, 12.9, J;,, 2.4, J,5, 2.4, J5, , 11.3,
Jy3 11.5 Hz; *C (MeOD), 6 139.7 (C-1’, aromatic), 135.6 (C-4', aromatic), 133.4 (C-2/,
aromatic), 133.0 (C-6’, aromatic), 130.0 (C-3’, aromatic), 128.2 (C-5', aromatic), 100.3
(OCMe,0), 69.2, 67.5(C-2,4), 58.5 (C-1), 38.3, 37.1 (C-3,5), 30.4 (C-6), 29.5, and 20.1
(CMe,).

Anal. Calc. for C H,,CLKO,S: C, 42.75; H, 4.54; K, 9.28. Found: C, 42.83; H,
4.46; K, 9.12.

Diethyl 6-( 2,4-Dichlorophenyl )-D-erythro-2,4-isopropylidenedioxyhexylphospho-
nate (25). — (a) A solution of 18 (0.46 g) in freshly distilled triethyl phosphite (5 mL) was
boiled under reflux for 40 h under N,. The reagent was then distilled off at 12 Pa.
Column chromatography (solvent 4) of the residue gave 25(0.25 g, 58.1%)), isolated as a
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syrup, [a], ~0° (c 0.1, MeOH), R, 0.3 (solvent 4). N.m.r. data: 'H, 6 7.35 (m, 1 H, H-3',
aromatic), 7.14 (m, 2 H, H-5',6', aromatic), 4.22 (m, 1 H, H-2),4.11,4.08(2q,2H,J7.1
Hz, OCH,CH,), 3.78 (m, 1 H, H-4), 2.78 (m, 2 H, H-6a,6b), 2.15-1.70 (m, 6 H,
H-1a,1b,3a,3b,5a,5b), 1.44, 1.40 (2 s, each 3 H, CMe,), and 1.32 [t, 6 H, J 7.1 Hz,
(CH,CH,0),P].

(b) The solution of 19 (0.5 g) in freshly distilled triethyl phosphite (5 mL) was
boiled under reflux for 30 h, then processed as in (a) to give 25 (0.55 g, 78%).

Anal. Calc. for C ;H,,CLOP: C, 51.94; H, 6.65. Found: C, 51.82; H, 6.53.

6-(2,4-Dichlorophenyl) -2,4-O -isopropylidene-pD-erythro-1,2,4-hexanetriol (26).
— Bu,NF (5.0 g) was added to a solution of 17 (6.3 g) in tetrahydrofuran (100 mL).
After 40 min, the solvent was evaporated. Column chromatography (solvent D) of the
residue gave 26 (4.50 g, 95.0%), isolated as a syrup, [«], +25.9°, R; 0.4 (solvent D).
N.m.r. data: 'H, 6 7.35 (m, 1 H, H-3', aromatic), 7.15 (m, 2 H, H-5',6’, aromatic), 3.96
(m, 1 H, H-2),3.81 (m, 1 H, H-4),3.60(dd, 1 H, H-1a),3.50 (dd, 1 H, H-1b),2.9-2.65 (m,
2 H, H-6a,6b), 2.04 (b, 1 H, OH), 1.75 (m, 2 H, H-5a,5b), 1.43 (s, 6 H, CMe,), and
14-1.25(m, 2H, H-3); J,, , 11.4,J,,,3.3,J,,, 6.1 Hz.

Anal. Cale. for C,;H,,Cl,0,: C, 56.43; H, 6.32. Found: C, 56.38; H, 6.41.

Potassium 6-(2,4-dichlorophenyl) -D-erythro-2,4-dihydroxyhexane-1 -sulfonate
(29). — M HCI (2 mL) was added to a solution of 25 (0.25 g) in water (15 mL). After 15
min, the mixture was concentrated. Column chromatography (solvent E) of the residue
gave amorphous 29 (0.9 g, 40.9%), [¢], +9.6° (¢ 0.2, MeOH), R 0.4 (solvent L). N.m.r.
data (MeOD): 'H,5 7.39(d, 1 H, H-3', aromatic), 7.30 (d, 1 H, H-6', aromatic), 7.23 (dd,
1 H, H-5, aromatic), 4.34 (m, 1 H, H-2), 3.87 (m, 1 H, H-4), 3.1-2.7 (m, 4 H,
H-1a,1b,6a,6b), and 1.9-1.6 (m, 4 H, H-3a,3b,5a,5b).

Anal. Calc. for C,H .CLLKO,S: C, 37.80; H, 3.97. Found: C, 37.92; H, 3.88.

1,4-Anhydro-6-( 2,4-dichlorophenyl )-D-erythro-1,2,4-hexanetriol (27). — Com-
pound 18 (7.2 g) was allowed to decompose in air at room temperature. After 24 h,
column chromatography (solvent D) of the product gave 27 (3.18 g, 80.1%), Ry 0.25
(solvent D). N.m.r. data: 'H, 6 7.36 (s, 1 H, H-3', aromatic), 7.18 (s, 2 H, H-5,6',
aromatic), 4.52 (m, 1 H, H-2), 4.15 (m, 1 H, H-4), 4.03 (dd, 1 H, H-1a), 3.72 (dd, 1 H,
H-1b), 2.95-2.65 (m, 2 H, H-6a,6b), and 2.10-1.60 (m, 4 H, H-3a,3b,5a,5b); J,, ,, 10.0,
J1.2 5.0, J,,, 1.0 Hz; 13C, § 138.1 (C-1’, aromatic), 134.5 (C-4', aromatic), 132.3 (C-2',
aromatic), 131.2 (C-6', aromatic), 129.2 (C-3', aromatic), 127.1 (C-5', aromatic), 77.3
(C-4), 75.2 (C-1), 72.5 (C-2), 41.6 (C-3), 35.1 (C-5), and 29.8 (C-6).

Anal. Cale. for C,,H,,C1,0,: C, 55.19; H, 5.40. Found: C, 55.26; H, 5.57.
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