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Abstract 3-Butene-1,2-diol obtained by the isomerization of cis-butene-1,4-diol has been
transformed into several chiral building blocks.

Small and polyfunctional chiral building blocks form a backbone of research in the area
of natural product chemistry. Introduction of new chiral building blocks with a wide range of
applications or synthetic modification of existing proven molecules are currently undergoing
intensive studlesl. A large number of such molecules have been derived from naturally occurring
compounds like carbohydrates, amino acids or hydroxy acids albiet in relatively long synthetic
sequences. However, stereocontrolled asymmetric construction of these molecules with one

or more asymmetric centers could be effected with a shorter synthetic pathwayz.

Commercially available cis-2-butene-1,4-diol (1) has been explored as a valuable precursor
in natural product synthe5153. Although the one step isomerization of 1l tnto 3-butene-1,2-diot
{(2) 1s known for a long time, 2 was prepared recently by a long synthetic routeu, perhaps due
to the difficulty in responding to the patent procedurej. It appeared to us that if 2 is to be
realised as an attractive building block, the isomerization of 1 into 2 should be reexamined
(Scheme 1). In this paper we wish to describe a) an improved procedure of i1somerization of
I; b) the kinetic resolution of the benzyloxy derivative 3 by Sharpless asymmetric epoxidation

and c) some application of derived chiral building blocks for the synthesis of organic compounds.
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Thus, compound 3 was obtained by selective monobenzylation of 2 with each one equiva-
lent of sodium hydride and benzyl bromide in THF in 70% yield. Subsequent kinetic resolution
of 3 under Sharpless epoxidation condmons6 with tert-butylhydroperoxide (TBHP) and (-) diiso-
propyltartrate (DIPT) in methylene chloride at -20°C proceeded well to furnish simultaneously
(2R,35)-1-benzyloxy-3,k-epoxybutan-2-0 (#) and (R)-1-benzyloxy-3-buten-2-ol (3) which are
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expected to serve as good precursors for the synthesis of polyhydroxylated chiral building blocks.
Although (2R,35)-4 and (R)-3 have both been synthesised mdependenﬂy7’8 by long synthetic
routes starting from (+)-tartaric acid, certainly the present synthetic modification to obtain
3 and 4 1n just two steps from 2 was a significant improvement. Interestingly the 1someric
(5)-3 was also prepared from (R)-3 by employing reagents, diethylazodicarboxylate (DEAD),
triphenylphosphine (TPP) and benzoic acid in accordance with the conditions of the Mitsunobu
reaction9 followed by debenzoylation with methanolic sodium methoxide. Likewise, the isomeric
(25,3R)-4 was also prepared by asymmetric epoxidation of (R)-3 by using (+)-DIPT as a chiral
auxdiary in 86% yield (Scheme 2). The utilisation of the isomeric 3 and & for the synthesis
of (S)-2-aminobutanol (7) B -lactam intermediate (11), (4S,5R)-5-hydroxy-i-decanolide (L-factor,
18), the proposed autoregulator for leukaemomycin biosynthesis and the chiral aldehyde inter-

mediate (15) are discussed.

Scheme 2
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a TTIP, (~) DIPT, TBHP (0.6eq.), CHpCly, -20°C, 26h; b DEAD, TPP,CgHgCOOH,
2h ; ¢ NaOMe, MeOH; d TTIP, (+) DIPT, TBHP, CHaClz. —20°C -

Reaction of (R)-3 with phthalimide in the presence of DEAD and TPP in THF at room
temperature afforded the expected vmylglycmollo derivative (5) in 79% yield. Subsequent treat-
ment of 5 with hydrazine hydrate in refluxing ethanol gave 6 which on exhaustive reduction
over palladised charcoal at 50 psi furnished (§)-2-aminobutanol (7)11. Consequently, the inter-
mediate (5) was subjected to hydroboration with 9-borabicyclononane (9-BBN) followed by oxi-

dation to give the alcohol (8) in 85% yield. Oxidation of the hydroxymethyl group of 8 with
Jones oxidation furnished the acid 9. Treatment of 9 with hydrazine hydrate followed by the
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cyclization 1s reported to give the (S)B-lactam derivative (11)12 (Scheme 3)
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The chiral (2S,35)-aldehyde (15) has been used as a valuabie 1ntermed1ate13 in the synthesis
of lipoxin B (Scheme 4). Treatment of (2R,35)-4 with dibutyllithium cuptate at -78°C opened
the epoxide ring to furmish 12 in 80% yield. The diol 12 was protected as tert-butyldimethylsilyl

ether (13) with TBS chloride in the presence of dimethylaminopyridine, triethylamine in methylene
Scheme 4

10
(o]
- o

oTBS
OH OH OTBS
2R,35- 4 12 13
0TBS
gms T o0
c = d A
— oH —™ H
oTBS 0TBS
28,35 - 14 25,35-15

Bulli, Cul, -78°'C,2h ; b TBOMSCI, EtgN ,DMAP ,CH2Cl2 ; ¢ Pd-c,Hp,EtOAc.
(c

a
d (coct)z, DMSO, Et3N, -78°C



7034 A. V. RaMA Rao et al

chloride. The removal of the benzyl group of 13 by hydrogenolysis (14) followed by Swern oxi-
dation with oxalylchloride, DMSO, triethylamine furnished 15 in 85% yield.

On the basis of above sequence of reactions the isomer (2S,3R)-4 was transformed into
the (2R,3R)-15. Subsequent Wittig reaction of (2R,3R)-15 with carboethoxymethylenetriphenyl-
phosphorane in benzene gave the a,8 -unsaturated derivative (16) in 76% yield. Reduction of
the double bond of 16 gave 17 which on treatment with tetra-n-butylammonium fluoride in
THF gave (45,5R)-L-factor (18)'* (Scheme 5).

Scheme §
0 oTBS oTBS
ﬂ\/\ /\/\/'\/CHO 2 N
Y N0oBn H. Y Y €t
OH OoTBS 018S
2S.3R-4 2R,3R - 15 16
D /\/\/'\/\)'\ ¢
OEt —o l,'o 0

2 45.5R -18
9 Ph3P=CHCOEt ,benzene,80°C, 2h; b Pd-c,Hz, EtOH; ¢ BugNF,THF, 4h

Experimental

FT-IR spectra were determined as neat films or as solutions in CHCl; using a Perkin-
Elmer 683 spectrometer. 1H-NMR spectra were obtained on Varian FT-80 or Bruker WH-90

spectrometer in CDCIl, containing TMS as an internal standard with chemical shifts (§) expressed

3
in ppm down field from TMS. Optical rotations were measured on a Jasco DIP 360 polarimeter.

Mass spectra were run on AEI MS 30 or CES 21-110 B spectrometer.
(+)-3-Butene-1,2-diol (2)

A mixture of 2-butene-1,4-diol (1) (60 g, 0.68 mol), water (25 ml), concentrated sulphuric
acid (0.35 ml) and mercuric sulphate (0.25 g) was heated under reflux. After 1.5 h (t.l.c., Merck
precoated silica gel plate : ethylacetate : methano! : chloroform; 6:1:6, Rf for (1) 0.36; Rf
for (2) 0.49), the reaction mixture was cooled to 0°C and neutralized with 10% sodium hydroxide
to pH 7. The contents of the flask were distilled by using a 12" Vigreux fractionating column.
The first fraction boiled between 38-43°C/15 mm contained water, second fraction collected
between 78-90°C/15 mm contains 3-butene-1,2-diol (2) (37 g, 62%) as a colourless hquid and
subsequently, third fraction obtained has traces of unreacted 1 at 110-115°C/15 mm. 1H NMR
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(CDCly) :63.5 (s, 2H, OH exchanges with D,0), 3.5-4.5 (m, 3H, H-1, 1', H-2), 5.05-6.10 (m,
3H, CH,=CH).

(1)-1-Benzyloxy-3-buten-2-ol (3)

To compound 2 (7.04 g, 0.08 mol) in THF (250 mil) was added sodium hydride (4.0 g,
0.08 mol, 50% dispersion in oil) under nitrogen. The reaction mixture was cooled to -20°C and
then benzy! bromide (13.68 g, 0.08 mol) in dry THF (50 ml) was added. After stirring at room
temperature for 5 h, the reaction mixture was concentrated, diluted with CHZCIZ, washed
with water, dried (Na2504) and concentrated. The residue was purified on silica gel column
with ethyl acetate-light petroleum (l1:2) as eluant to afford 3 (9.97 g, 70%) as an oll.v ¢
3450 cm'l; 'H NMR (CDCIB) : § 2.3 (s, 1H, D,0 exchangeable); 3.25-3.65 (m, 2H, H-1, 1),
4.32 (m, iH, H-2), 4.55 (s, 2H, OCﬂ_ZPh), 5.1-6.0 (m, 3H, CH=CH.,), 7.23 (s, 5H, Ph); MS : m/z
= 178 (MY), 161, 91 (100%).

A

Kinetic resolution of (+)-1-benzyloxy-3-buten-2-ol (3) by Sharpless asymmetric epoxidation

To a solution of titanium (IV) isopropoxide (4.31 ml, 14.5 mmol), (-) dusopropyl-D-tartrate
(4.07 g, 17.4 mmol) in CHZCI2 at -20°C was added (:) 3 (2.55 g, 14.3 mmol) followed by tert.
butylhydroperoxide (7.24 mmol, 4.8 M in isooctane). After 26 h at -20°C, the reaction mixture
was worked up n usual manner. The residue was chromatographed on silica gel with ethyl ace-
tate-light petroleum (1:5) as eluant to afford the (R)-3 (0.95 g, 75%) which was distilled under
vacuo, b.p. 130°C/5 mm, [a]y + 5.9° (¢, 1.77, CHCl), e [o + 6.2° (¢, 1.6, CHCI,).

The second fraction from the column afforded (2R,3S)-4 (l.15 g, 83%), which was dis-
tilled under vacuo, b.p. 138-140°C/5 mm, [a]D -10.4° (c, 1.24, CHCIB), lit.7 [a]D -11° (¢, 0.93,
CHCIB).

(25)-1-Benzyloxy-3-butene-2-ol (3)

To a mixture of (R)-3 (3.98 g, 22.4 mmol), triphenylphosphine (8.24 g, 31.4 mmol), benzoic
acid (3.82 g, 31.3 mmol) 1in dry THF (20 ml) was added diethylazodicarboxylate (5.46 g, 3l.%4
mmol). The reaction was stirred at room temperature for 2 h and concentrated. The residue
was chromatographed on silica gel with ethyl acetate-light petroleum (1:2) as eluant to afford
the benzoate which was dissolved in methanol (20 ml) and sodium metal (30 mg) was added.
After 30 min the reaction mixture was delonised with Amberlite IR 120(H) resin, filtered and
the solution was concentrated and chromatographed to afford (S)-3 (3.43 g, 86%) as a colourless
hquid, [odD -5.9° {c, 0.5, CHCIB). Analysis Calc. for C“HMO2 : C, 74.1; H, 7.86; Found : C,
73.9; H, 7.74%.
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(2S,3R)-1-Benzyloxy-3,4-epoxy~2-butanol (4)

To a stirred dry CHZCI2 (100 ml) at -20°C under N, were successively added, Ti (Opr)q
(2.81 g, 9.9 mmol), (+)-diisopropyl-L-tartrate (2.31 g, 9.9 mmol), (R)-3 (1.7 g, 9.5 mmol) and
a solution of TBHP in CH2C12 (3.1 N, 6.5 ml). The mixture was stored at -20°C for 18 h. The
temperature was raised to room temperature and the reaction mixture was diluted with ether
and sat. sodium sulphate. The mixture was stirred vigorously for 2 h at room temperature and
filtered. The filtrate was concentrated and the residue was chromatographed over Si02 to give
(25,3R)-4 (1.6 g, 86%) as an oil, [O.]D + 9.2° (c, 4.5, CHCIB), ht.7 [c:]D + 10.0° (c, 0.68, CHCl3).

(S)-1-Benzyloxy-2-N-phthalimido-3-butene (5)

Diethylazodicarboxylate (2.97 g, 17.0 mmol) in tetrahydrofuran (8 ml) was added dropwise
to a solution of (R)-3 (3.02 g, 17.0 mmol), phthalimide (2.51 g, 17.0 mmol) and triphenylphosphine
(4.55 g, 17.4 mmol) in THF (20 ml) at room temperature. After 5 h, solvent was removed and
the residue was purified by a silica gel column with ethyl acetate-light petroleum (1:19) as
eluant to give 5 (4.1 g, 79%) as thick syrup, [cr.]D -4.6° (c, 1.0, CHCIJ),\) max | 3000, 1770,
1730, 1550, 1400, 1100 cm_l; lH NMR (CDCIB) : § 3.37 (dd, 1H, J = 9 Hz and 6.5 Hz, H-la),
4.01 (dd, 1H, J = 9 Hz, H-1b), 4.50 (s, 2H, Cﬂz—Ph), 5.0-5.5 (m, 3H, H-4#, 4 and H-2), 6.25
(m, 1H, H-3), 7.23 (s, 5H, Ph), 7.7-8.0 {m, 4H, aromatic). Analysis Calc. for C19H17N03 : C,
74.3; H, 5.5; N, 4.6; Found : C, 74.13 H, 5.75; N, 4.35%.

(S)-(+)-2-Amino-1-butanoi (7)

Compound 5 (1.0 g, 3.25 mmol) and hydrazine hydrate (0.19 g) in ethanol (10 ml) was
heated under reflux for 15 min. Conc. HCl was added and solid residue filtered. The filtrate
was concentrated and repeatedly boiled with aqueous ethanol. The combined extracts was con-
centrated and made basic with IN aqueous NaOH and again extracted with ether. The ethereal
layer was dried (NaZSOL‘), concentrated and residue purified by column chromatography on
S10, with methanol : chloroform (1:19) as eluant to obtamn (S)-1-benzyloxy-2-amino-3-butene
6) (04 g, 69%) as an oil, faly -16.5° (¢, 1.2, CHCly), ¥ : 3860 cm™; 'H NMR (CDCLy:
§ 1.62 (s, 2H, NH,, exchanges with DZO)’ 3.25 (m, 1H, H-2), 3.98 (m, 2H, H-1, 1%, 4.6 (s, 2H,
CﬂZPh), 5.1-6.23 (m, 3H, CH2=CH), 7.26 (s, 5H, Ph).

To a solution of 6 (0.22 g, 1.24 mmol) in ethanol was subjected to reduction over pal-
ladium on carbon (35 mg) at 50 psi. After 5 h the catalyst was filtered through celite, con-
centrated to obtain 7 (95 mg, 86%) as thick syrup, [cr.]D + 9.4° (¢, 1.2, ethanol), it [et]D +
10.1° (neat); Vinax 3440, 3350, 2750, 2150 cm'l; Iy NMR (CDC13) :8 0.95 (¢, 3H, CH»3), 1.63
(m, 2H, CH,), 3.05 (bs, 2H, NH, exchanges with DZO)’ 3,3-3.7 (m, 3H, H-1, 1' and H-2), 4.25
(s, 1H, OH).

2)’ 2
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(R)-4-Benzyloxy-3-N-phthalimide-butanoic acid (9)

To a solution of 5 (1.4 g, 4.56 mmol) 1n THF (10 ml) at 0°C was added 9-BBN (0.74 g,
3,02 mmol) in THF. After 5 h at room temperature, the reaction was treated with water (1.5
ml), NaOH solution (1.6 g of NaOH in 5 ml of HZO) and 30% HZOZ (6 ml). The resultant mix-
ture was heated at 55°C for | h with constant removal of THF and the residue was partitioned
between ethyl acetate and brine solution. The organic phase was washed with brine, dried and
concentrated to give a residue which was chromatographed on 5102 with MeOH-CHCl3 (2:98)
as eluant to give the alcohol 8l (11.26 g, 85%) as a light yellow oil, [g]D + 12.7° (c, 1.0, CHCIB),

V onax } 3440, 1770, 1728 cm™'; 'H NMR (CDCly) : § 1.75 (m, 2H, H-3, 3'); 3.5-46.05 (m, 4H,

CHz), 4.25 (m, 1H, CH-NPht), 4.57 (s, 2H, CﬂZ-Ph), 7.21 (s, 5H, Ph), 7.7-8.0 (m, 4H, aromatic).

Compound 8 (0.41 g, 1.26 mmol) in 20 ml of acetone was treated with excess of Jones
reagent (prepared from CrO; : H,50, : H,0). After stirring for 30 min at 0°C the unreacted
reagent was destroyed by the addition of isopropanol. The mixture was then filtered, concentrated
chromatographed on 510, with MeOH-CHCI, (2:98) to give 9 (0.29 g, 68%) as thick syrup,
[odD + 18.2° (c, 1.85, CHC13), it} 2 [G.]D + 19.7° (¢, 2.52, CHC13),\)max : 3500, 1775, 1720 emL
'y NMR (CDCIB) : § 252 (bs, iH, OH), 3.62 (m, 2H, CH,), 4.3 (m, 3H, H-2, 2' and H-3), 4.6
(s, 2H, -OCﬂzph), 7.2 (s, 5H, Ph), 7.6-7.9 (m, 4H, aromatic).

2

(2R, 35)-1-Benzyloxy octane diol (12)

n-Butyllithium 1n hexane (6.5 ml, 20.6 mmol, 3.2N) was added dropwise to a stirred sus-
pension of Cul (2.09 g, 11 mmol) in dry THF (30 ml) at -78°C. After 30 min &4 (1.06 g, 5.5 mmol)
in THF (5 ml) was slowly added. The mixture was stirred at -78°C for 1 h, then treated with
saturated NHL}CI/NHQOH for 30 min, extracted with ethyl acetate, dried and concentrated.
The residue was purified by column chromatography on silica gel with ethyl acetate : light
petroleum (2:1) to give 12 (1.04 g, 80%) as a colourless oil, EX]D -2.75° (c, 0.45, CHCIB).vmax
: 3620 em L. 1H NMR (CDCLy) : 8 0.98 (t, 3H, CHj) 1.25-1.5 (m, 8H, 4 x CH,), 2.2 (bs, 2H,
OH), 3.5-3.7 (m, 4H), 4.5 (s, 2H, Cﬂz-Ph), 7.3 (bs, 5H, Ph). Analysis Calc. for C15H2403 :
C, 71.4; H, 9.5; Found : C, 71.05; H, 9.2%.

(2R, 3S)-2-Bis(tert. butyldimethylsiloxy)-1-benzyloxy octane (13)

Compound 12 (0.72 g, 2.85 mmol) was stirred with triethylamine (1.7 ml) and dimethyl-
aminopyridine (14 mg) in dry dichloromethane (20 ml) under nitrogen. Tert. butyldimethylsilyl
chloride (1.27 g, 8.4 mmol) was added. After 16 h at room temperature solvents were removed
and the residue was diluted with ethy! acetate. The solid was filtered, the filtrate concentrated
to a thick syrup and then chromatographed on silica gel using ethyl acetate : hght petroleum
(1:19) as eluant to give 13 (1.2 g, 82%), [a]D-5.2° (c, 0.63, CHCly), I1H NMR (CDC]B) :§ 0.07
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(m, 12H, 2Si (CH3)2), 0.85 (m, 21H, 25i-C4H9-t, CH3), 1.2-1.5 (m, 8H, CHZ)’ 3.5-3.8 (m, 2H,
CH), 3.9 (m, 2H, CHZ)’ 4.5 (s, 2H, Cﬂz-Ph), 7.2 (m, 5H, Ph). Analysis Calc. for C27H5203512.
C, 67.5; H, 10.8; Found : C, 6.7.02; H, 10.62%.

(2R,35)-2,3-Bis(tert. butyldimethylsiloxy)-1-hydroxy octane (14)

Compound 13 (0.40 g, 0.83 mmol) in ethanol (10 ml) containing 10% palladium-on-carbon
(15 mg) was stirred under an atmosphere of hydrogen at normal pressure and temperature for
5 h. The catalyst was filtered through a pad of celite, washed with ethanol and then concen-
trated to atford 14 (0.27 g, 83%) as a thick syrup, By + 6.0° (c, 056, CHCLy), lit.!? [a], +5.8°
(c; 1.0, CHCIy),v__ & 3400 cm ™!,

(2s,3R)-2,3-Bis(tert.butyldimethylsiloxy) octanal (15)

A solution of oxalyl chloride (0.088 g, 0.69 mmol) and dry dimethylsulfoxide (0.109 g,
1.39 mmol) in dry methylene chloride (15 ml) was cooled to ~78°C and then a solution of 14
(0.195 g, 0.5 mmol) 1n CH2C12 was added. After 30 min triethylamiwne (0.3 ml) was added. The
-78°C cooling bath was then replaced with a -30°C bath, and the mixture stirred for 1 h. It
was then diluted with pentane (50 ml), washed with sodium bisulfate, water, dried, concentrated
below 35°C. The residue was purified by 510 with n-pentane to furmish 15 (0.165 g, 85%) as
an _cixl, l[().]D + 2.4° (c, 1.5, CHCIB), nt.! [01]D + 2.7° (c, 1.0, CHCIB), max § 2940, 1740, 1130
cm . "H NMR (CDC13) : & 0.04 (s, 12H, 2S1(CH,) ) 0.87 (s, 21H, 25i-C,Hg-t, CH,), 1.2-1.72
(m, 8H), 3.85 (dt, IH, J = 7.6 Hz, 4.t Hz, CH), 4.01 (dd, 1H, J = 4.4 Hz, 0.7 Hz, CH), 9.76
(d, 1H, J = 0.7 Hz, CHO).

Compounds (25,3R)-12, (25,3R)-13, (25,3R)-14 and (2R,3R)-15 were synthesised by the
same procedures as described above and characterised by comparison of physical and spectral

data with the corresponding isomers.
Ethyl (2E,4S,5R)-4,5-Bis(tert.butyldimethylsiloxy) decenoate (16)

Compound (2R,3R)-15 (0.20 g, 0.51 mmol), carbethoxymethylenetriphenylphosphorane
(0.20 g, 0.57 mmol) 1n dry benzene was heated under reflux for 1 h under nitrogen. The re-
action mixture was concentrated and the residue was chromatographed on silica gel with light

petroleum as eluant to give 16 (0.18 g, 76%) as a colourless o1l , h]D + 2.3° (c, 2.4, CHCIB),

Vinay | 1735 em™

H NMR (CDCly) : 8 0.04 (s, 12H, 25CH,),, 0.87 (s, 2lH, 251-C,Hy-t,
CH,), 1.2-1.72 (m, 11H), 3.85 (dt, H, J = 7.6 Hz, 4.4 Hz, CH), 4.0 (dd, IH, J = 4.4 Hz, 0.7
Hz, CH), 4.23 (g, 2H, J = 7 Hz, CH,), 5.9 (d, 1H, J = 15 Hz, H-2), 7.5 (dd, 1H, J = 15 Hz,

H-3). Analysis Calc. for C, H, 0, S1, : C, 62.8; H, 10.9; Found : C, 62.5; H, 10.8%.
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(4S,5R)-5-Hydroxy-&-decanolide (18)

Compound 16 (0.17 g, 0.37 mmol) and palladium on carbon (30 mg) in ethanol (3 ml)
was hydrogenated at normal pressure and temperature for 2 h. The catalyst was filtered through
celite and concentrated to give crude 17 which was diluted with THF (1 ml) and treated with
IM tetrabutylammonium fluoride (0.7 ml) for 4 h. It was partitioned between water and ether.
The ethereal layer was washed with brine, dried and concentrated to afford a residue which
was chromatographed on SiO, with ethyl acetate : light petroleum (2:5) to afford 18 (0.03 g,
44%) as a thick syrup, laly + 10.2° (¢, 1.5, CHCly), lit 14 []y + 11° (c, 0.7, CHCI
3470, 1770 em™'. 'H NMR (cDCL,) : & 0.90 (t, 3H, CH
IH, H-5), 4.0-4.5 (m, 1H, H-4).

3); v max °

1.2-2.7 (m, 13H, 2CH2, OH), 3.6 (m,

) B
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