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Abstract: The readily available biopolymer, paly-(R)-3-hydmxybutyratc was convcrtcd 

to (R)-(+)-y-valerolacrne in 32% overall yield in a simple 4 stage procedure. 

For ongoing biosynthetic and synthetic studies on the macrodialide mctabalites in Cyrospm sp ATCC 

20502,l we required gram quantities of (R)-(+)-y-valerolactone 1. Several methods have been 

described for the enantioselective synthesis of y-valerolactone including the resolution d (k) y-hydmxy 

esters with porcine pancreatic lipase 2, the use of a baker’s yeast reduction to give. (Q-(-)-r_ 

valerolactone in 12% axrall yield3 and a high pressure BINAP catalysed reduction of ethyl 4- 

oxopentanoate4. Although each of these approaches has obvious merits, we ideally required a route 

which would not only yield gram quantities of 1 using inexpensive reagents. but which could be simply 

adapted for the efficient incorporation af an isotopic label for biosynthetic studies. A simple 4 stage 

synthesis of (R)-{+)-y-valerolactone is now described_ 

Results and Discussion 

Treatment of the readily available biopalymer poly-(R)-3-hydroxybutyrate 2 with concentrated 

sulphnric acid in ethanol gave the ethyl ester 3 which, on reduction with lithium aluminium hydride, 

gave the dial 4. Selective tasylation of 4 with 1.1 equivalents ofp-tolucnesulphonyl chloride followed 

by nucleophilic displacement of the primary tosylate of 5 with potassium cyanide and in situ 

hydrolysis of the resultant nihile with hydrochloric acid, cleanly gave the target compound 1 in 32% 

overall yield from the biopolymer. 

A carbon-13 label may be efficiently introdnced at the final stage of the synthesis by use of potassium 

[13C] cyanide. In addition, ethyl (S)-3-hydmxybutyrate is available from the yeast reduction of ethyl 

acetaacetates, hence this mute may be simply adapted for the pmparation of (S)_(-)-~valemlactone. 
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Reaagen~s: i) EIOH, H+: ii) Lii4, Et20; iii) TsCL Et$L DMAP; iv) KCNN, EtOH then HS 
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Experimental: Poly-(R)-3-hydroxybutyrate was obtained from Aldrich Chemical Co. 

Ethyl 3(l?)=hydroxybutyrate (3). Poly-3(R)-hydsoxybutyratc GO& in EtOH (360rnl), 1.2- 
dichlaroethane (3oOml) and cont. HzSO4 (2Oml) was heated to reflux with vigorous stin 
The cooled mixture was frlrercd through celite, and the o&e then washed tith CH$& (50 B 

for 96 h. 
ml), The 

filtrate was washed with aq NaHCC+ [WOrnI) and then with b&e (SOOml), dried (MgSQ) and 
concentrated in wczm. The hydroxy ester 3 was purified by distillation (51oC at 2mm Hg); yield: 

54.5g (7 1%); [cc]D 21 -48 (c 7.2, CH2Cl2), lit.6 [aID =46 (c 1.0 , CHC13) ; IR (nujol): 3440, 1739 

Cm -1; 1H NMR: 6 1.23 (3H, d, J=6.3 Hz), 1.28 (3H, t, J-7 Hz), 2.41 (lH, dd. J=16.3, 8.6 Hz), 2.49 
(lH, dd, 5=16,3,3.4 Hz), 4.17 (ZH, cl, J=7 Hz), 4.2 (IH, ddq, Jr8.6, 6.3, 3.4HzJ; m/z 131 @4+-l+ 2%). 
43 (100). 
1,3(R)-Dihydroxybutane (4). A slurry of LiAll& (12g, 324 mmol) in dry Et?O(lL) was added 
dropwise to a stirred solution of ethyl 3(R)-hydroxybutyrate (3) (35.64g, 270 mmol) in Et20 (1X&l) at 
0°C under N2. After the addition of LiAlJ& was complete, the mixture was stied for a further OSk 
Water (90ml) was c~tiously added with stirring and the mixture was filtered though celite and the 
celite then washed with Et20 (XKlrnl>. The ftitrate was dried (MgSO4j and concentrated in W-U co 

give the dial 4; yield: 20.8g (85.6%); [aIlD21 -28.7 (c 3.2, EtUH ), lit7 -29 (c 1.0, EtOH ); IR (nujol) 

3444 cm .l ; lH NMR: 6 1.24(3H, d, 1=6+4 Hz ), 1.7 (2H, m ), 2.4 (ZH, br.s ), 3.84 (IH, m >, 4.08 (lEl, 
m 1: m/z75 (M+-15, IO%), 45 (100). 
3(R)mRydroxXnl-(p-toluenesulpbonyl)-bubne (5). p-Toluenesulphonyl chloride (27_9lg, 146.4 
mmol) was added to a solution of the diol4 and 4-dimethylarninopyridine (122me;, 1 mm@ in Et3N 
(40.8m1, 293 mmol) and CH2CI2 (2sOrnl) aIld stirred at room temperatnre for 16 h, at ambient 
temperature. HCI (WM, 1L) was added and the mixture extracted with CH2Ch (2 x IL). The organic 
phase was dried (MgSOd), concentrated in VQCUO and the resultant oil purified by chromatography 

(silica gel, EtUAc/ light petroleum 3:7) to give 5 as a colourless oil, yield 21.75g (73%); [ol]D21 

-14.8 cc 5.1 in CH2C.12); IR (nujol): 3411, 1598, 1351 cm -1; IH NMR: 6 1.19 (3H, cl, Ja6.4 Hz), 1,7 
(lH, m). 2.45 (3H, s}, 3.95 (lH, m>, 4.14 (lH, m), 4.25 (lH, m), 7.35 (2H, d, J=8.1 Hz), 7.8 (2H, d, 
J=8.1 Hz); m/z 229 (M+- 15, 1 %), 9 1 (100) 

(R)-(~)ly-valerolact~ne (1). The tosylate 5 (21.75g, 89 rnmol) in EtOH (27Oml) and Hz0 (9UrnI) was 
heated to reflux with KCN (6.94g, 106.8 rnmol) for 36 h. The mixture was cooled to ambient 
temperature prior to the addition of cone+ HCl (36Oml) and then heated to reflux for 24h. After 
cooling, Hz0 (9oOml) was added and the reaction mixture extracted with CHCl3 (3 x 1.4L). The 
organic phase was dried (MgSO& concentrated in vacua and then purified by distillation (106oC at 

2Ornt1-1 Hg) to give 1; yield: 6.07g (68%); [a]D2l +29.4 [c 9.2, CH2Clz), lit.8 +30.1 (c 0.85, CH2Clz); 
IR (nujol): 1777 cm- l; lH NMR: 1.42 (3H, d, 526.3 Hz); 1.84 (lH, m), 2.36 (lH, m), 2.56 {2H, m), 
4.66 (lH, m); tiz 100 (MC* a%), 56 (100). 
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