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Abstract 3-Butene-I,2-diol obtained by the isomerlzatlon of cls-butene-1,4-dlol has been - 
transformed into several choral bulldmg blocks. 

Small and polyfunctlonal chiral bullding blocks form a backbone of research in the area 

of natural product chemistry. lntroductlon of new choral building blocks with a wide range of 

apphcatlons or synthetic modlflcatlon of exlstmg proven molecules are currently undergomg 

intensive studies’. A large number of such molecules have been derived from naturally occurrmg 

compounds hke carbohydrates, ammo acids or hydroxy acids alblet in relatively long synthetic 

sequences. However, stereocontrolled asymmetrlc constructlon of these molecules with one 

or more asymmettlc centers could be effected with a shorter synthetic pathway2. 

Commercially avallable cls-2-butene-l,4-dlol (1) has been explored as a valuable precursor - 

m natural product synthesls3. Although the one step lsomerlzatlon of I mto 3-butene-1,2-diol 

(2) IS known for a long time, 2 was prepared recently by a long synthetic route4, perhaps due 

to the dlfflculty m respondmg to the patent procedure5. It appeared to us that If 2 IS to be 

reahsed as an attractive bullding block, the lsomerlzatlon of 1 mto 2 should be reexammed 

(Scheme 1). In this paper we wish to describe a) an Improved procedure of lsomerlzatlon of 

I; b) the kmetlc resolution of the benzyloxy derlvatlve 3 by Sharpless asymmetrlc epoxldatlon 

and c) some appllcatlon of derived choral bulldmg blocks for the synthesis of orgamc compounds. 
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Thus, compound 3 was obtamed by selective monobenzylatlon of 2 with each one equlva- 

lent of sodium hydride and benzyl bromide m THF In 70% yield. Subsequent kmetlc resolution 

of 3 under Sharpless epoxldatlon condltlons6 with tert-butylhydroperoxide (TBHP) and (-) dilso- 

propyltartrate (DIPT) m methylene chloride at -20°C proceeded well to furmsh simultaneously 

(2&3JS)-1-benzyloxy-3,4-epoxybutan-2-01 (4) and @)-I-benzyloxy-3-buten-2-01 (3) which are 
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expected to serve as good precursors for the synthesis of polyhydroxylated chiral buildmg blocks. 

Although (2%35)-4 and o-3 have both been synthesised independently 7Y8 by long synthetic 

routes starting from (t)-tartarrc acid, certainly the present synthetic modificatron to obtam 

3 and 4 m just two steps from 2 was a srgmfrcant improvement. Interestingly the rsomeric 

(s)-3 was also prepared from o-3 by employmg reagents, diethylazodrcarboxylate (DEAD), 

trrphenylphosphine (TPP) and benzorc acid m accordance wrth the conditions of the Mitsunobu 

reaction’ followed by debenzoylatron wrth methanohc sodium methoxide. LIkewIse, the rsomerrc 

(2%3&)4 was also prepared by asymmetric epoxidation of (B-3 by using (+)-DIPT as a chiral 

auxrliary m 86% yield (Scheme 2). The utilisation of the isomeric 3 and 4 for the synthesis 

of (z)-2-aminobutanol (7) tI -1actam intermediate (111, (4%5R)-5-hydroxy+decanohde (L-factor, 

IS), the proposed autoregulator for leukaemomycm biosynthesis and the chiral aldehyde inter- 

medrate (15) are drscussed. 
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v 
TOBn Q VOBn + 

+ 
00n 

OH &i OH 

w- 3 E-9 2R, s-4 _- 

OH 

To”” -1 d _ Lo,, s-9 
I 

: 

EH 
2s, 31-4 

a TTIP, t-1 OIPT, TBHP (0.6cq.1, CH2Cl2, -2O.C. 26h; h DEAD, TPP,C6H6COOH, 

2h i 4 NaOMe , MeOH; d TTIP, (+I DIPT, TBHP, CH2CI2, - 2O.C . 

Reaction of (B-3 with phthahmrde m the presence of DEAD and TPP in THF at room 

temperature afforded the expected vmylglycmol 10 
derrvatrve (5) m 79% yreld. Subsequent treat- 

ment of 5 with hydrazme hydrate m refluxmg ethanol gave 6 whrch on exhaustrve reductron 

over palladlsed charcoal at 50 psi furnished (z)-2-ammobutanol (7)‘l. Consequently, the mter- 

medrate (5) was subjected to hydroboration wrth 9-borabrcyclononane (9-BBN) followed by OXI- 

datron to grve the alcohol (8) in 85% yreld. Oxrdation of the hydroxymethyl group of 8 with 

Jones oxidatron furrushed the acrd 9. Treatment of 9 with hydrazine hydrate followed by the 
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cychzation IS reported to give the ($&lactam derlvatlve (11)12 (Scheme 3). 

Scheme 3 
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The choral (2&32)-aldehyde (15) has been used as a valuabie mtermechate 
13 m the synthesis 

of hpoxm B (Scheme 4). Treatment of (2&3?)-4 with dibutylhthlum cuprate at -78°C opened 

the epoxlde rmg to furmsh 12 in 80% yield. The diol 12 was protected as tert-butyldlmethylsilyl 

ether (13) with TBS chloride m the presence of dimethylaminopyridlne, trlethylamine m methylene 

Scheme 4 
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chloride. The removal of the benzyl group of 13 by hydrogenolysls (14) followed by Swern oxi- 

dation with oxalylchlorrde, DMSO, triethylamme furnished 15 in 85% yield. 

On the basis of above sequence of reactions the isomer (2s3E)4 was transformed mto 

the (2&3&)-15. Subsequent Wrttig reactron of (2&3B-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 (4%5R)-L-factor (18)l’ (Scheme 5). 

Scheme 5 
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Experimental 

FT-IR spectra were determined as neat films or as solutions in CHC13 usmg a Perkm- 

Elmer 683 spectrometer. ‘H-NMR spectra were obtained on Varran FT-80 or Bruker WH-90 

spectrometer in CDC13 contaming TMS as an internal standard wrth chemical shifts (6) expressed 

m ppm down field from TMS. Optical rotations were measured on a Jasco DIP 360 polarrmeter. 

Mass spectra were run on AU MS 30 or CES 21-110 B spectrometer. 

(*I-3-Butene-1,2-dial (2) 

A mixture of 2-butene-1,4-diol (1) (60 g, 0.68 mol), water (25 ml), concentrated sulphurrc 

acrd (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 : methanol : chloroform; 6:1:6, Rf for (1) 0.36; Rf 

for (2) 0.49), the reactlon mixture was cooled to 0°C and neutrahzed with 10% sodium hydroxide 

to pH 7. The contents of the flask were distilled by usmg a 12” Vrgreux fractlonatmg column. 

The first fractron bolled between 38-43“C/15 mm contamed water, second fraction collected 

between 78-9O”C/15 mm contams 3-butene-1,2-dlol (2) (37 g, 62%) as a colourless lrpurd and 

subsequently, thud fraction obtamed has traces of unreacted 1 at 110-1159C/15 mm. H NMR 
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(CDC13) :63.5 (s, 2H, OH exchanges with D20), 3.5-4.5 (m, 3H, H-l, I’, H-2), X05-6.10 (m, 

3H, CH2=CH). 

To compound 2 (7.04 g, 0.08 mol) Jn THF (250 ml) was added sodium hydrJde (4.0 g, 

0.08 mol, 50% dispersion in oil) under nitrogen. The reaction mixture was cooled to -20°C and 

then benzyl bromJde (13.68 g, 0.08 mol) Jn dry THF (50 ml) was added. After stirring at room 

temperature for 5 h, the reactJon mJxture was concentrated, diluted wJth CH2C12, washed 

wJth water, dried (Na2S04) and concentrated. The resJdue was purJfied on sJlJca gel column 

with ethyl acetate-IJght petroleum (1:2) as eluant to afford 3 (9.97 g, 70%) as an OIL v max: 

3450 cm-‘; ‘H NMR (CDC13) : 6 2.3 (s, IH, D20 exchangeable); 3.25-3.65 (m, 2H, H-l, I’), 

4.32 (m, IH, H-2), 4.55 (s, 2H, OCH2Ph), 5.1-6.0 (m, 3H, CH=CH2), 7.23 (s, 5H, Ph); MS : m/z 

= 178 (M+), 161, 91 (100%). 

Kinetic resolution of ($l-benzyloxy-3-buten-2-ol (3) by Sharpless asymmetric epoxidation 

To a solution of tJtanJum (IV) JsopropoxJde (4.31 ml, 14.5 mmol), (-) dllsopropyl-B-tartrate 

(4.07 g, 17.4 mmol) Jn CH2C12 at -20°C was added (i) 3 (2.55 g, 14.3 mmol) followed by tert. 

butylhydroperoxJde (7.24 mmol, 4.8 M Jn isooctane). After 26 h at -2O”C, the reactJon mixture 

was worked up Jn usual manner. The resJdue ~3s chromatographed on silica gel with ethyl ace- 

tate-IJght petroleum (1:5) as eluant to afford the (B-3 (0.95 g, 75%) whJch was dlstlhed under 

vacua, b.p. 130°C/5 mm, [aI, + 5.9“ (c, 1.77, CHC13), lit.’ [a], + 6.2” (3 1.6, CHC13). 

The second fractJon from the column afforded (2&32)-4 (1.15 g, 83%), whJch was dls- 

tJhed under vacua, b.p. 138-140°C/5 mm, [al, -10.4” (c, 1.24, CHC13), lit.7 [al, -II” (c, 0.93, 

CHC13). - 

~2s~-l-Benzyloxy-3-butene-2~1 (3) 

To a mixture of O-3 (3.98 g, 22.4 mmol), trJphenylphosphine (8.24 g, 31.4 mmol), benzolc 

acid (3.82 g, 31.3 mmol) Jn dry THF (20 ml) was added diethylazodJcarboxylate (5.46 g, 31.4 

mmol). The reactJon was stJrred at room temperature for 2 h and concentrated. The residue 

was chromatographed on sJlJca gel with ethyl acetate-light petroleum (1:2) as eluant to afford 

the benzoate whJch was dissolved Jn methanol (20 ml) and sodium metal (30 mg) was added. 

After 30 mJn the reactJon mJxture was deJonJsed with AmberlJte IR 120(H) resJn, fJltered and 

the solutJon was concentrated and chromatographed to afford (s)-3 (3.43 g, 86%) as a colourless 

IJquJd, [d, -5.9” (c, 0.5, CHC13). Analysis Calc. for CllH,402 : C, 74.1; H, 7.86; Found : C, 

73.9; H, 7.74%. 
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~~,3~)_~-Benzyloxy-3,4~poxy-2-butano~ (4) 

TO a stirred dry CH2C12 (100 ml) at -20°C under N2 were successively added, Ti (Opr)4 

(2.81 g, 9.9 mmol), (+)-dirsopropyl-L-tartrate (2.31 g, 9.9 mmol), (B-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 -2OOC for 18 h. The 

temperature was raised to room temperature and the reactron mixture was diluted with ether 

and sat. sodrum sulphate. The mixture was strrred vigorously for 2 h at room temperature and 

filtered. The filtrate was concentrated and the resrdue was chromatographed over Si02 to give 

@JR)4 (1.6 g, 86%) as an 011, M, + 9.2” (c, 4.5, CHC13), llt.7 [al, + 10.O” (c, 0.68, CHC13). 

(S)-I-Benzyloxy-2-N-phthalimido-3-butere (5) 

Diethylazodrcarboxylate (2.97 g, 17.0 mmol) in tetrahydrofuran (8 ml) was added dropwise 

to a solutron of (R)-3 (3.02 g, 17.0 mmol), phthalimlde (2.51 g, 17.0 mmol) and triphenylphosphme 

(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 srlica gel column with ethyl acetate-light petroleum (1:19) as 

eluant to give 5 (4.1 g, 79%) as thick syrup, [a], -4.6” (c, 1.0, CHC13), v : 3000, 1770, 

1730, 1550, 1400, 1100 cm-‘; ’ 
max 

H NMR (CDC13) : 6 3.37 (dd, lH, J = 9 Hz and 6.5 Hz, H-la), 

4.01 (dd, IH, J = 9 Hz, H-lb), 4.50 (s, 2H, W2-Ph), 5.0-5.5 (m, 3H, H-4, 4’ and H-2), 6.25 

(m, lH, H-3), 7.23 (s, 5H, Ph), 7.7-8.0 (m, 4H, aromatic). Analysrs Calc. for C19H17N03 : C, 

74.3; H, 5.5; N, 4.6; Found : C, 74.1; H, 5.75; N, 4.35%. 

(S)_(+)-2-Amino-I-butanol (7) 

Compound 5 (1.0 g, 3.25 mmol) and hydrazme hydrate (0.19 g) m ethanol (10 ml) was 

heated under reflux for 15 mm. Cont. HCI was added and sohd residue frltered. The filtrate 

was concentrated and repeatedly boiled wrth aqueous ethanol. The combined extracts was con- 

centrated and made basic wrth IN aqueous NaOH and agam extracted with ether. The ethereal 

layer was drred (Na2S04), concentrated and residue purrfred by column chromatography on 

S102 with methanol : chloroform (1:19) as eluant to obtam @-I-benzyloxy-2-ammo-3-butene 

(6) (0.4 g, 69%) as an oil, Cal, -16.5’ (c, 1.2, CHC13), vmax : 3460 cm-‘; ‘H NMR (CDC13): 

6 1.62 (s, 2H, NH2 exchanges with D20), 3.25 (m, lH, H-2), 3.98 (m, 2H, H-l, I’), 4.6 (s, 2H, 

CH2Ph), 5.1-6.23 (m, 3H, CH2=CH), 7.26 (s, 5H, Ph). 

To a solutron of 6 (0.22 g, 1.24 mmol) m ethanol was sublected to reductron over pal- 

ladium on carbon (35 mg) at 50 PSI. After 5 h the catalyst was flltered through celite, con- 

centrated to obtam 7 (95 mg, 86%) as thrck syrup, [a], + 9.4” (c, 1.2, ethanol), lit. ‘I [al, + 

10.l” (neat); vmax 3440, 3350, 2750, 2150 cm-l; 1 H NMR (CDC13) : 6 0.95 (t, 3H, CH$, 1.63 

(m, 2H, CH2), 3.05 (bs, 2H, NH2 exchanges with D20), 3.3-3.7 (m, 3H, H-l, 1’ and H-2), 4.25 

(s, lH, OH). 
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(R&4-Eknzyloxy-3-N-phthalimide-butanoic acid (9) 

To a solution of 5 (1.4 g, 4.56 mmol) In THF (10 ml) at 0°C was added 9-BBN (0.74 g, 

3.02 mmol) m 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 H20) and 30% H202 (6 ml). The resultant mrx- 

ture was heated at 55°C for I h with constant removal of THF and the residue was partittoned 

between ethyl acetate and brine solutron. The organic phase was washed with brine, dried and 

concentrated to grve a residue whrch was chromatographed on S102 wrth MeOH-CHC13 (2:98) 

as eluant to grve the alcohol 8 (1.26 g, 85%) as a light yellow 011, Eal, + 12.7” (c, 1.0, CHC13), 

V 
max 

: 3440, 1770, 1728 cm -l; ‘H NMR (CDC13) : 6 1.75 (m, 2H, H-3, 3’); 3.5-4.05 (m, BH, 

CH2), 4.25 (m, lH, CX-J-NPht), 4.57 (s, 2H, CE2-Ph), 7.21 (s, 5H, Ph), 7.7-8.0 (m, 4H, aromatrc). 

Compound 8 (0.41 g, 1.26 mmol) m 20 ml of acetone was treated with excess of Jones 

reagent (prepared from Cr03 : H2S04 : H20). After strrrmg for 30 min at 0°C the unreacted 

reagent was destroyed by the addition of isopropanol. The mrxture was then filtered, concentrated 

chromatographed on S102 wrth MeOH-CHC13 (2~98) to give 9 (0.29 g, 68%) as thick syrup, 

[cd, + 18.2” (c, 1.85, CHC13), lit. I2 [a], + 19.7” (c, 2.52, CHC13), v max : 3500, 1775, 1720 cm-f. 

‘H NMR (CDC13) : 6 2.52 (bs, IH, OH), 3.62 (m, 2H, CH2), 4.3 (m, 3H, H-2, 2’ and H-3), 4.6 

(s, 2H, -OCJ-12Ph), 7.2 (s, 5H, Ph), 7.6-7.9 (m, 4H, aromatrc). 

(2R,3S)-1-Bentyloxy octane dial (12) 

n-Butyllithmm m hexane (6.5 ml, 20.6 mmol, 3.2N) was added dropwrse to a stirred sus- 

pensron of Cul (2.09 g, 11 mmol) m dry THF (30 ml) at -78°C. After 30 min 4 (1.06 g, 5.5 mmol) 

m THF (5 ml) was slowly added. The mrxture was strrred at -78°C for I h, then treated wrth 

saturated NH4CI/NH40H for 30 mm, extracted with ethyl acetate, drred and concentrated. 

The resrdue was purrfred by column chromatography on srhca gel with ethyl acetate : light 

petroleum (2:l) to give 12 (1.04 g, 80%) as a colourless 011, bl, -2.75” (c, 0.45, CHC13).v max 

: 3420 cm-‘. ’ H NMR (CDC13) : 6 0.98 (t, 3H, CH3); 1.25-1.5 (m, SH, 4 x CH2), 2.2 (bs, 2H, 

OH), 3.5-3.7 (m, 4H), 4.5 (s, 2H, CH2-Ph), 7.3 (bs, 5H, Ph). Analysrs Calc. for C,5H2403 : 

C, 71.4; H, 9.5; Found : C, 71.05; H, 9.2%. 

(2WS)-2-Bis(tert. butyldimethylsiloxy)l-benzyloxy octane (13) 

Compound 12 (0.72 g, 2.85 mmol) was stnred wrth trrethylamine (1.7 ml) and dimethyl- 

ammopyrrdme (14 mg) in dry drchloromethane (20 ml) under mtrogen. Tert. butyldrmethylsrlyl 

chlorrde (1.27 g, 8.4 mmol) was added. After 16 h at room temperature solvents were removed 

and the residue was drluted wrth ethyl acetate. The solrd was filtered, the filtrate concentrated 

to a thrck syrup and then chromatographed on srhca gel usmg ethyl acetate : bght petroleum 

(1:19) as eluant to grve 13 (1.2 g, 82%), [al, -5.2” (c, 0.63, CHC13), fH NMR (CDCi3) : 6 0.07 
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(m, 12H, 2Si (CH3)2), 0.85 (m, 21H, 2Si-C4H9-t, CH3), 1.2-1.5 (m, 8H, CH2), 3.5-3.8 (m, 2H, 

CH), 3.9 (m, 2H, CH2), 4.5 (s, 2H, C12-Ph), 7.2 (m, 5H, Ph). Analysis Calc. for C27H5203Sr2: 

C, 67.5; H, 10.8; Found : C, 6.7.02; H, 10.62%. 

(2R,3S)-2,3-Bis&rt. butyldimethylsiloxy)-I-hydroxy octane (14) 

Compound 13 (0.40 g, 0.83 mmol) m ethanol (10 ml) contaming 10% palladium-on-carbon 

(15 mg) was stirred under an atmosphere of hydrogen at normal pressure and temperature for 

5 h. The catalyst was frltered through a pad of celite, washed with ethanol and then concen- 

trated to afford 14 (0.27 g, 83%) as a thick syrup, [al, + 6.0’ (c, 0.56, CHC13), lit.13 [a], +5.8O 

k, 1.0, CHC13), vmax : 3400 cm-l. 

@S,3R)-2,3-Bisftert.butyldimethylsiloxy) octanal (15) 

A solutron of oxalyl chloride (0.088 g, 0.69 mmol) and dry dimethylsulfoxlde (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) m CH2C12 was added. After 30 min triethylamme (0.3 ml) was added. The 

-78“C cooling bath was then replaced with a -30°C bath, and the mixture stured for 1 h. It 

was then diluted with pentane (50 ml), washed with sodmm brsulfate, water, dried, concentrated 

below 35°C. The residue was purified by S102 wrth n-pentane to furtush 15 (0.165 g, 85%) as 

an 011, [d, + 2.4O (c, 1.5, CHC13), l&l3 [al, + 2.7” (c, 1.0, CHC13); vmax : 2940, 1740, 1130 

cm-l. ‘H NMR (CDC13) : 6 0.04 (s, 12H, ZSI(CH~)~, 0.87 (s, 2lH, 2Si-C4H9-t, CH3), 1.2-1.72 

(m, 8~), 3.85 (dt, lH, J = 7.6 Hz, 4.4 HZ, CH), 4.01 (dd, lH, J = 4.4 HZ, 0.7 Hz, CH), 9.76 

(d, lH, J = 0.7 Hz, CHO). 

Compounds (22,3R)-12, (233R)-13, (2%3R)-14 and (2&3R)-15 were synthesrsed by the 

same procedures as described above and characterised by comparison of physmal and spectral 

data with the corresponding isomers. 

Ethyl (2EZ,4SJR)-4,5-Bi~tert.butyldimethylsiloxy~ decenoate (16) 

Compound (2&3&)-15 (0.20 g, 0.51 mmol), carbethoxymethylenetrlphenylphosphorane 

(0.20 g, 0.57 mmol) m dry benzene was heated under reflux for 1 h under mtrogen. The re- 

actlon mixture was concentrated and the residue was chromatographed on silica gel with hght 

petroleum as eluant to give 16 (0.18 g, 76%) as a colourless 011 , tbl, + 2.3” k, 2.4, Cl-U-,), 

V 
max : 1735 cm-l, 1 

H NMR (CDC13) : 6 0.04 (s, 12H, ~SI(CH~)~, 0.87 (s, 21H, 2S1-C4Hq-t, 

CH3), 1.2-1.72 (m, llH), 3.85 (dt, lH, J = 7.6 Hz, 4.4 Hz, CH), 4.01 (dd, lH, J = 4.4 Hz, 0.7 

Hz, CH), 4.23 (q, 2H, J = 7 Hz, CH2), 5.9 (d, lH, J = 15 Hz, H-2), 7.5 (dd, lH, J = 15 Hz, 

H-3). Analysrs Calc. for C24H5004S12 r C, 62.8; H, 10.9; Found : C, 62.5; H, 10.8%. 
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(4S,5R)-5-Hydroxy-4-decanolide (18) 

Compound 16 (0.17 g, 0.37 mmol) and palladtum on carbon (30 mg) in ethanol (3 ml) 

was hydrogenated at normal pressure and temperature for 2 h. The catalyst was filtered through 

cehte and concentrated to grve crude 17 whtch was diluted wrth THF (1 ml) and treated wrth 

IM tetrabutylammonium fluorrde (0.7 ml) for 4 h. It was partrtroned between water and ether. 

The ethereal layer was washed with brme, drred and concentrated to afford a resrdue whrch 

was chromatographed on S102 wrth ethyl acetate : hght petroleum (2~5) to afford 18 (0.03 g, 

44%) as a thrck syrup, [al, + 10.2’ (c, 1.5, CHC13), lit.14 PI, + 11’ k, 0.7, CHC13); Vmax : 

3470, 1770 cm-l. ’ H NMR (CDC13) : 6 0.90 (t, 3H, CH3), 1.2-2.7 (m, 13H, 2CH2, OH), 3.6 (m, 

IH, H-5), 4.0-4.5 (m, lH, H-4). 
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