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1 

ABSTRACT: Chiral auxiliaries previously prepared from (-)-P-pinene (3), 

alcohols 5a-e and 6, were transformed into P-ketobutyrates 7a-e and 8 

respectively. These compounds were stereoselectively reduced by N a B h  in the 

presence of additives ( MnC12 or CaCh ), leading to the corresponding P-hydroxy 

butyrates 1Oa-e and 11 in good chemical yield and poor to moderate 

stereoselectivities (de 0%-60%). The configuration at the newly generated 

stereogenic center in 10a was determined to be S through its transformation into 

S-(+)-butanediol. 
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456 ALENCAR ET AL. 

INTRODUCTION 

Terpenes play an essential role as natural source of chirality in 

asymmetric synthesis. They have been employed to obtain usehl chiral bases, 

ligands, catalysts and auxiliaries.'" The landmark in this field was the report by 

Corey in 1975; on the synthesis of (+)-8-phenylmenthol(2) from (-)-pulegone (1) 

(figure 1). A number of derivatives of 2 were synthesized, where the phenyl group 

was replaced by more bulky aromatic groups.2b Several pro-chiral esters obtained 

from 2, its derivatives or its enantiomer, undergo different types of stereoselective 

reactions in excellent de.6 On the other hand, (-)-p-pinene (3) was used by 

Oppolzer et al to prepare alcohol 4, a 8-phenyl menthol based chiral auxiliary 

(figure The Diels-Alder reaction between the acrylate prepared from 4 and 

cyclopentadiene occurred in 85% de, while reduction of the corresponding p- 
ketobutyrate with Z n B b  O C C U K I ~  in 43% de.4 

Recently we reported the stereoselective synthesis of new 8-phenylmenthol 

based chiral auxiliaries, alcohols cis-5a-e and trans-6, from (-)-P-pinene (3).' 

These auxiliaries are structurally related to the Oppolzer auxyliary 4 but the 

absence of a second phenyl group in their structures makes their syntheses easier 

and more economic. In addition, most of them have a cis-relationship between the 

hydroxy and the benzyl group, in contrast with the trans-relationship observed in 

menthol derivatives. 

The reaction of the corresponding p-ketobutytates, cis-7a-e and trans-8 

(figure 2) with trypthophol in the presence of Lewis acids was recently 

In these cases, a Friedel-Crafts type reaction occurs involving the pro-chiral 

diastereotopic keto group in these p-ketobutyrates, leading to analogs of the drug 

ethodolac. A high level of steric induction was observed when cis-7a-b were used 

as substrates. 

In this paper, we describe the stereoselective reduction of these 0- 
ketobutyrates, 7a-e and 8, with N a B a  in the presence of complexing additives as 

CaC12 and h4nCh." 
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p-KETOBUTYRATES 457 

1 
Ph 

2 3 

"'OH OH 

4 5n; Ar =Ph 6 
5b; Ar = pOMePh 
5e; Ar = 0-OMePh 
5d; Ar = a-naphtyl 
Se, Ar = P-naphtyl 

Figure 1 

7a : Ar = Ph 
7b: Ar = p-OMePh 
7c: Ar = o-OMePh 
7d; Ar = a-naphtyl 
7e; Ar = p-naphtyl 

8 

Figure 2 

RESULTS 

The preparation of the P-ketobutyrates 7a-e and 8 was accomplished in 

high yield through the reaction of alcohols cisda-e and trans4 respectively, with 

2,2,6-trimethyl-4H-1,3-dioxyn-4-one (9) (scheme l)." Despite the fact that these 

alcohols have differents steric hindrances, the reaction of acetoacetoxylation 

reactions proceeded in excellents yield in all cases studied. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 O

f 
M

ar
yl

an
d]

 a
t 2

2:
22

 1
8 

O
ct

ob
er

 2
01

4 



45 8 ALENCAR ET AL. 

L; Ar =F% Toluene 7.; Ar =Ph - 7b .Ar=pOMePh 
7c; Ar = o-OMePh 

Sb;Ar=pOMePh + ck 
9; Ar = o-OMePh 1lO"C 
Sd; Ar = a-naphlyl 7d; Ar = a-naphlyl 
SC; Ar = P-naphtyl 9 7e; Ar = P-naphtyl 

0"" "'OH 

6 8 

Scheme 1 

Reaction of 7a with NaBH., in the absence of additives led to the p- 
hydroxybutyrate tOa as an equimolecular mixture of diastereomers (entry 1, 

scheme 2). The stereoselectivity increased in the presence of CaClz (entry 2) but 

the best result was obtained in the presence of MnC12, owing to the higher 

complexing power of this additive (entry 3). lo Similarly, better stereoselection for 

the reduction of 7b was also obtained in the presence of MnClz (entry 5) . The 

comparison of the results shown in entries 3, 5 and 6 suggests that the methoxy 

group at the aromatic ring in 7b and 7c are not involved in the control of the 

stereochemical outcome of the reduction. In an attempt to improve the observed 

stereoselectivities, the reduction of 7d and 7e, substituted with more bulky 

aromatic groups at the pinene nucleus (a and p naphtyl, respectively), was 

investigated. While in the first case only 17% de was obtained, the stereoselection 

increased to 60% de in the second case (entries 7 and 8, respectively). 

The reduction of trans-8 with NaBh in the presence of h4nCl~ was also 

accomplished (scheme 3). A low de (4%) was observed, contrasting with the result 

obtained from 7a (40% de, scheme 2, entry 3). 
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P-KETOBUTYRATES 459 

Entry 
1 

7a-e l0a-e 
Entry Product Reducting system Yield de (%)I 

1 1 Oa N a B b  60 0 
2 1 Oa NaBWCaC12 75 14 
3 1 Oa NaBWMnCl2 78 40 
4 1 Ob NaBHdCaCl2 90 20 
5 1 Ob NaBWMnC12 70 40 
6 1 oc NaBWMnCl2 90 37 

(%) 

Product Reducting system Yield (%) de (%)I 
11 NaBW MnC12 80 4 

I 7 1 Od NaBWMnClz 82 17 
I 8 1 Oe NaBHo/MnC12 60 60 
a-diasteromeric excess measured by quantitative I3C NMR (C=O - 1726) 

Scheme 2 

. Reduction V 

The absolute configuration at the newly generated asymmetric center in 

10a was determined by chemical correlation. The S stereochemistry was assigned 

based on its reduction into (S)-(+)-butanediol(l2) (scheme 4). l2  

In scheme 5 are shown the possible conformers generated by rotation 

around the C-CHzAr bound in P-ketobutyrates 7a-e chelated with MnC12. Based 
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460 ALENCAR ET AL. 

8 11 

HO 
1 

HO 
12 

[alD + 7,1° (c = 0,02 ; E t O S )  

Scheme 4 

Trans Stacked Axial 

Scheme 5 

on the analysis of molecular models, the participation of the axial conformer can be 

ruled out since a strong steric interaction occurs between the aryl group and the 

methyl group at the pinene nucleus. On the other hand, both stacked and trans 

conformers could occur in the conformational equilibrium. 

The occurrence of stacked conformers in the P-ketobutyrate 15, derived 

from 2, had been previously suggested by ‘H NMR studiesI6 (table). The 

methylene and the methyl group in 15 are shielded when compared with the values 

observed for 14. In addition, the methylene group in 14 appears as a singlet while 
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P-KETOBUTYRATES 46 1 

7a-e, 

15 

13 
I F  

16 
17;R=H 

14 

R = \  M 
Entry P-ketobutyrates CH 2 (6 ppm) c H ~ ( 6  ppm) 

1 7a 

2 7b 

3 7c 

4 7d 

5 7e 

6 13 

7 14 

8 15 

9 16 

2J2 

2,24 

2,2 1 

2.13 

2.19 

2,25 

228 

2,18 

1,67 

Table 

in 15 a double dublet is observed (entry 7 and 8 ). The same effect on the chemical 

shift and multiplicity occurs in P-ketobutyrate 16, derived from chiral auxiliary 17 

(entry 9). In this case, the phenyl group is locked in the stacked position.'6 In 

contrast, in P-ketobutyrates 7a-e, the methylene group appears as a singlet and the 

chemical shift are very similar to that obtained for 13 (entry 1-6). These data 

suggest that, in our case, only trans conformers should be present in solution and 

the stereoselections observed in the reduction resulted from the attach of hydride 

to the Re face of these conformers. 
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462 ALENCAR ET AL. 

In conclusion, we described in this work another application of the auxiliary 

5e, easily prepared (three steps) from the P-pinene 3. The reduction of the P- 
ketobutyrate derivative 7e, occourred stereoselectivily (8:2) in excellent chemical 

yield. The use of MnC12-NaB& in methanol showed to be more practice than the 

use of the pyrophoric Zn(BH4)2 in anhydrous THF, usualy employed in this type 

of reduction. 

EXPERIMENTAL SECTION 

General methods: 'H NMR Varian spectra were recorded at 200MHz in CDCb 

with CHC13 as internal reference (7,26ppm). 13C NMR spectra were recorded at 

50.0 M H z  in CDC13 solution with CHCI3 (77.00ppm) as internal reference. The 

[aID value were measured in Perkin-Elmer polarimeter model 243-B in ethanol as 

solvent, (c=0,02). 2,2,6-Trimethyl-4H- 1,3-dioxin-4-one yellows with time but 

generally retains a high assay even when it has become an orange-red color. It can 

be purified by distillation if the pot temperature in kept below 9OoC (bp 65-67OC ; 

0,2 t0K). 
6 

General A.meakre for Acetoacetylation with Diminone: A solution of alcohols 

trans4 and cis-Sa-e (50 mmol) and 2,2,6-trimethyl-4H-1,3-dioxin-4-one (50 

mmol) in lOmL of toluene was placed in balloon flask 50 mL connected reflux 

condenser. The system was immersed in an oil bath that had been preheated at 

approximated 120 OC, and the solution was vigorously stirred. The evolution of 

acetone became apparent within several minutes; heating was continued for a total 

of two hours. At the end of the reaction the toluene and acetone produced were 

removed by distillation , and the yellow oil resultant was dissolved in CH2CI2. A 

resultant solution was washed with solution of NaC03 (10%) (1OmLxl) and 

solution saturated of NaCl (IOmLxl). The combined organic layers were dried 

over Na2S04 and concentrated in vacuum. Purification of the product by silica-gel 

column chromatography gave a P-ketobutyrates (7 or 8a-e) in good yield (80- 

90%). 
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P-KETOBUTYRATES 463 

P-Ketobutyrate 7a: IR (film, u (cm-I): 1717, 1646 ; 'H MNR (CDCl3): 6 7,5-7,2 

(m, 5H, h), 5 3  (dd, lH, H2, J= 7,7/ 4,2), 3,35 (s, 2H, H13), 2,9-2,53 (m, 3H, H3, 

Hld Hlo7), 2,22 (s, 3H, Me15), 2,l-2,35 (m, H7J  HI), 1,97-1,89 (m, lH, H5), 1,78- 

1,69 (m, 2H, K p ) ,  1,37 (d, IH, H7cn, J= 10,3), 1,28 (s, 3H, Me),  0,98 (s, 3H, 

Mes); I3C MNR (CDCl3): 6 45,OO (CH), 77,30 (CH), 32,30 ( 0 ,  30,80 (CH2), 

40,SO (CH), 38,30 (C), 24,90 (CHz), 22,70 (CH3), 27,05 (CH3), 36,81 (CH2), 

140,20 (C), 166,40 (C), 50,20 (CH2), 200,OO (C), 30,OO (CH3); MS (70eV): m/z 

M'314 (<1%), 212( 42%), 121 (54%), 91 (lOO%)..HRMS m/z (%) mass: 

3 14.188734 (CzoH2603); calculated, 3 14.188195. 

P-Ketobutyrate 7b: IV (film, u (cm-I): 1718, 1646; 'H MNR (CDCI3): 6 7,13- 

7,06 (m, 2H, Ha), 6,85-6,77 (m, 2H, Ha), 5 3  (dd, lH, Hz, J= 7,7/ 5), 3,77 (s, 3H, 

Mel6), 3,38 (s, 2H, H13). 2,82- 2,46 (m, 3H, H3/ HIO/ HIO.), 2,16-2,33 (m, 2H, H7ex/ 

HI), 2,24 (s, 3H, Mel& 1,98-1,91 (m,lH, H5), 1,77-1,66 (m, 2H, h q p ) ,  1,33 (d, 

lH, H7m, J= 10,2), 1,19 (s, 3H, Me),  0,98 (s, 3H, Me& 6 I3C MNR (CDC13): 6 

45,OO (CH), 77,29 (CH), 32,50 (CH), 30,78 (CH2), 40,49 (CH), 38,27 (C), 24,87 

(CH2), 22,69 (CH3), 27,OS (CH3), 35,83 (CH2), 129,3 (C), 200,3 (C), 50,2 (CHz), 

166,4 (C), 30,O (CH3), 55,OO (OCH3); MS (70eV): m/z M'344 (2%), 242 (23%), 

121 (IOO%)..HRh4S m/z (%) mass: 344.199583 (C~H2804); calculated, 

344.198759. 

P-Ketobutyrate 7c: 'H NMR (CDCl3): J em Hz): 6 7,2-7,1 (~1 ,  2H, Hx), 6,9-6,8 

(m, 2H, b), 5,75 (dd, lH, Hz, J= 8/ 4), 3,8 (s, 3H, Me16), 3,4 ( S ,  2H, Hn), 2,9-2,7 

(m, 2H, Hlo/Hlo.), 2,6-2,48 (m, lH, H3), 2,3-2,15 (m, 2H, H7ex/HI), 2,21 (s, 3H, 

Mel5), 1,95185 (lH, m, H5), 1,70-1,6 (m, 2H, &p), 1,32 (d, IH, H7cn, J=10,3), 

1,19 (s, 3H, Mes), 1,0 (s, 3H, Ma); I3C NMR (CDCI,): 6 45,l (CH), 77,7 (CH), 

30,3 (CH), 30,8 (CH2), 40,6 (CH), 38,3 (C), 24,9 (CHz), 22,7 (CH3), 27,l (CH3), 

36,8 (CH2), 128,5 (C), 166,5 (C), 50,3 (CHZ), 200,4 (C), 30,s (CH3), 55,l 

(OCH3); MS (70eV): m/z = M' 344 (2%), 242 (1 5%), 12 1 (1 00%). HRMS d z  

(%) mass: 344.197298 (C~IHZSO~); calculated, 344.198759. 

P-Ketobutyrate 7d: 'H MNR (CDCI3): 6 8,O -7,2 (7H ,H,), 5,58 (dd, lH, H2, 

J=6/4), 3,3 (s, 2H,  HI^), 2,9-2,70 (m, 3H, Hd HIO / HIO.), 2,O-2,3 (m, 2H, H7=,/ 
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464 ALENCAR ET AL. 

HI), 2,13 (s, 3H, Meld, 1,9-1,83 (m, 1H, H A  1,75-1,5 (m, 2 Y  &P), 1,23 (d, 

IH, H7co, J= lo), 1,15 (s, 3H, Me), 1,0 (s, 3H, Men); I3C MNR:( CDCb): 6 40,95 

(CH), 73,26 (CH), 27,74 (CH), 27,23 (CH2), 36,35 (CH), 34,18 (C), 20,73 (CH2), 

18,65 (CH3), 22,91 (CH3), 29,35 (CHz), 131,89 (CH), 129,63 (C), 127,52 (C), 

124,56 (CH), 119,22 (CH), 162,47 (C), 45,98 (CHz), 196,03 (C), 25,84 (CH3). 

P-Ketobutyrate 7e: 'H NMR (CDCb): 6 7,9-7,4 (7H ,&), 538 (dd, lH, Ha, 

J=7,6/ 5), 3,4 (s, 2H, Hu), 3,04-2,69 (m, 3H, H3/ Hlo / Hlo7), 2,35-2,15(m, 2H, 

H d  HI), 2,19 6, 3H, Meld, 1,98-1,93 (nl lH, H5), L78-472 (m, 2H, k p ) ,  

1,36 (d, lH, H T ~ ,  J- 10,2), 1,2 (s, 3H, Me), 1,03 (s, 3H, Men); 13C NMR: 

(CDCl3): 6 45,15 (CH), 78,OO (CH), 32,36 ( 0 ,  30,95 (CHZ), 40,60 (CH), 38,37 

(C), 25,OO (CH2), 22,81 (CH3), 27,12 (CH3), 37,06 (CH2), 154,OO (C), 50,29 

(CH2), 30,04 (CH3), 137,83 (CH); 127,79-125,09 (CH); MS (70eV): m/z = M' 
364 (17%); 262 (35%), 141 (loo%), 122 (45%), 85 (77%). 

P-Ketobutyrate 8: IR (film, u (cm"): 1718; 1646 ; 'H MNR (CDCL): 6 7,4-7,l 

(m, 5H, k), 5,18 (d, lH, H2, J=6), 3,18 (s, 2H, H d ,  2,9-2,6 (m, 3H, H3, H d  
Hw), 2,2 (s, 3H, Mels), 2,34-2,2 (m, IH, Hi), 2,12-2,0 (m, IH, H74, 1,96-1,82 

(m, lH, H5), 1,58-124 (m, 2H, kP), 1,53 (d, lH, HTm, J= lo), 1,22 (s, 3H, Me), 

0,84(s, 3H, Men); 13C MNR (CDCb): 6 45,02 (CH), 79,11 (CH), 29,92 (CH), 

29,81 (CH2), 40,33 (CH), 29,50 (C), 23,lO (CHz), 19,64 (CH3), 26,36 (CH3), 

40,14 (CH2), 140,18 (C), 166,68 (C), 50,04 (CHz), 200,OO (C), 35,56 (CH3); MS: 

(70eV): m/z M'314 (<1%), 212( 27%), 121 (36%), 91 (lOO%).HRMS m/z (%) 

mass: 314.189385 (C20H2603); calculated, 314.188195. 

General pt.ocedrtre for reductions of &Ketobutyrates 7a-e or 8: Calcium 

chloride or magnesium chloride (2,O mmol) was added to a methanol (10 mL) 

solution of P-ketobutyrates (7 or 8-a-e) (1,Ommol) at 25OC and the resulting clear 

solution was stirred for 30 min at 25OC. The mixture was cooled to 0 OC and 

N a B E  (40 mg, 1 mmol) was added. Vigorous gas evolution occurred. Atter 

stirring for 10 min at 0 OC, the reaction mixture was poured into aq. HCI (1N) and 

extracted with ethyl acetate (lOmL x 2). The combined organic layers were dried 
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p-KETOBUTYRATES 465 

over Na2S04 and concentrated in vacuum. The crude products was obtained in 

good yield (60-90%) and the isomeric ratio was determined by "C NMR (50,O 

m). 
P-Hydroxybutyrate 1Oa: IR (film, u (cm-I)): 3442 (0-H), 1729 (C=O).; 'H NMR 

(CDC13): 6 7,32-7,15 (m, SH, Ha), 5,s (dd, IH, H2, J= 7,4/ 4,9), 4,26-4,04 (m, 

lH, H14), 2,87-2,59 (m, 3H, H3/ Hlo/ Hlo.), 2,44 (d, IH, HI?, J= 1,74), 2,42 (d, IH, 

HI3., J=2,84), 2,34- 2,13 (m, 2H, Hhd HI), 1,97 (q, IH, H5, J=S), 1,82-1,65 (m, 

2H, H,,& 1,36 (d, IH, H7m, J=IO), 1,24 (dl, 3H, Mels), 1,2 (s, 3H, Mes), 1,04 

(s, 3H, Mes); 13C NMR (CDCl3, Major diastereomer): 6 45,lO (CH), 76,25 (CH), 

32,SO (CH), 30,90 (CHz), 40,SO (CH), 38,30 (C), 25,OO (CHI), 22,23 (CH3), 

27,14 (CH3), 36,86 (CH2), 140,20 (C), 172,20 (C), 42,80 (CHI), 64,OO (CH), 

22,78 (CH3); MS (70eV): m/z M' 316 (<1%),225 (3%), 212 (36%), 121( 81%), 

91 (100%). HRMS m/z (%) mass: 316.204002 (C20H2803); calculated, 

316.203845. 

P-Hydroxybutyrate lob: IR (film, u (cm-I)): 3425 (0-H), 1728 (GO);  IH NMR 

(CDClJ): 6 7,l-6,8 (m, 4H, Hm), 5,47 (dd, IH, H2, J= 6,9/ 5,0), 4,2-4,08 (m, IH, 

H14), 3,8 (s, 3H, Me16), 2,8-2,5 (m, 3H, Hd Hlo/ Hw), 2,43-2,36 (m, 2H, HI;/ 

H13.), 2,32-2,lO (m, 2H, HI/ H 4 ,  1,94 (q, IH, Hs, J= 4,8), 1,84-1,6 (m, 2H, H d  

hP), 1,33 (d, IH, H7m. J=10,2), 1,21 (dd, 3H, Mels, J= 6,32/ 0,9), 1,17 (s, 3H, 

Me),  1,Ol (s, 3H, Mes); I3C NMR (CDCb, Major diastereomer): 6 41,l (CH), 

72,l (CH), 28,6 (CH), 26,7 (CH2), 38,8 (CH), 34,2 (C), 20,8 (CH2), 23,l (CS) ,  

18,7 (CH3), 31,8 (CHI), 128,l (CH), 168,l (C), 50,9 (CH2), 59,8 (CH), 18,l 

(CH3), 36,s (OCH3); MS (70eV): m/z M' 346 (2%), 121 (100%). HRMS m/z (%) 

mass: 346.21 3886 (C21H3004); calculated, 346.214409. 

P-Hydroxybutyrate 10e: IR (film, u (cm-I)): 3430 (0-H), 1728 (C=O); 'H 

NMR(CDC13): 6 7,2-7,0 (d, 2H, Ha, J=8,8), 6,9-6,7 (d, 2H, a, J=8,5), 5,47 (dd, 

IH, H2, J= 6,9/ 5,0), 4,2-4,08 (m, lH, Hid), 3,8 (s, 3H, Me16), 2,8-2,5 (m, 3H, H3/ 

Hid  Hlo.), 2,43-2,36 (m, 2H, Hl3/H13.), 2,32-2,lO (m, 2H, HI/ H7ex), 1,94 (4, IH, 

H5, J= 4,8), 1,84-1,6 (m, 2H, WKp), 1,33 (d, lH, H T ~ ,  J=10,2), 1,21 (dd, 3H, 
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Me's, J= 6,32/ 0,9), 1,17 (s, 3H, Me), 1,Ol (s, 3H, Mes); I3C NMR (CDCI3, 

Major diastereomer): 6 41,l (CH), 72,l (CH), 28,6 (CH), 26,7 (CHz), 38,8 (CH), 

34,2 (C), 20,8 (CH2), 18,7 (CH3), 23,l (CH3), 31,8 (CHz), 128,s (CH), 168,1 (C), 

36,s (CH2), 59,8 (CH), 18,l (CH3), 50,9 (OCH3); MS (70eV): m/z M' 346 (1%) 

242 (25%), 121 (loo%), 91 (55%). HRMS m/z (%) mass: 346.214303 

(CZ1H3004); calculated, 346.2 14409. 

P-Hydroxybutyrate 10d: IR (film, u (cm-')): 3441 (0-H), 1714 (GO);  'H 

NMR(CDC13 ): 6 8,15-7,25 (7H, Ha), 5,63 (dd, lH, Hz, J= 7,6/ 5,0), 4,3-4,O (my 

lH, H14), 3,43-3,33 (m, IH, H3), 3,O-2,88 (m, 2H, Hld Hw), 2,46-2,36 (m, 2H, 

H13/  HI^'), 2,33-2,l (m, 2H, HI/ H T ~ ) ,  1,97-1,87 (m, lH, H5), 1,8-1,60 (m, 2H, 

kp), 1,30 (d, lH, H7sn, J= 10,6), 1,19 (d, 3H, Mel5, J=6,17), 1,21 (s, 3H, Me),  

1,lO (s, 3H, Me& I3C NMR (CDCI3, Major diastereomer): 6 45,14 (CH), 72, 48 

(CH), 27,37 (CH), 26,99 (CHz), 38,87 (CH), 34,39 (C), 20,93 (CHz), 23,15 

(CH3), 18,92 (CH3), 29,60 (CH2), 168,40 (C), 36,59 (CH2), 59,99 (CH), 18,26 

(CH3); MS (70eV): m/z M' 366 (5%), 262 (32%), 141 (90%), 91 (100%). HRMS 

m/z (%) mass: 366.218997 (C24H3003); calculated, 366.219495 

P-Hydroxybutyrate 10e: 'H NMR (CDCI3): 6 7,82-7,26 (7H, H.J, 5 3 7  (dd, lH, 

Hz, J= 8/ 5), 4,29-4,02 (m, lH,  HI^), 3,03-2,7 (m, 3H, H3,/ Hld Hlov), 2,51-2,43 

(m, 2H, Hl3/ H13'), 2,36-2,15 (m, 2H, H1/ H74, 2,02-1,94 (m, lH, H5), 1,82-1,75 

(m, 2H, k p ) ,  1,39 (d, lH, H7m, J= 10,3), 1,26-1,22 (m, 3H, Mel5), 1,23 (s, 3H, 

Me),  1,lO (s, 3H, Mes); 13C NMR (CDCb, Major diastereomer): 6 42,85 (CH), 

76,41 (CH), 32,58 (CH), 30,99 (CH2), 42,85 (CH), 38,38 (C), 24,96 (CHz), 22,26 

(CH3), 27,17 (CH3), 37,ll (CHz), 137,80 (CH), 172,30 (C), 40,58 (CHz), 64,04 

(CH), 22,84 (CH3). HRMS m/z (%) mass: 366.219470 (C24H3003); calculated, 

366.219495 

P-Hydroxybutyrate 11: 'H NMR (CDCI3) 6 7,3-7,l (m, SH, k), 5,13 (dd, lH, 

Hz, J= 7,0/ l,O), 4,09-3,89 (m, lH, H14), 2,83-2,6 (m, lH, Hu), 2,34- 1,83 (m, 8H, 

H3/ Hlo/ HloJ H5/ Hi34 H1/ H7,/ HQ), 1,5-1,4 (4 lH, &p), 1,53 (d, lH, H7cn, 

J=lO), 1,21 (s, 3H, Me), 1,13 (dd, 3% Me',, J=6,3/ 3,1), 0,85 (s, 3H, Me& 13C 
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NMR (CDCh, Major diastereomer): 6 45,13 (CH), 78, 31 (CH), 35,56 (CH), 

30,OO (CHz), 40,30 (CH), 29,55 (C), 23,09 (CHz), 19,61 (CH3). 26,32 (CH3), 

42,42 (CHz), 140,lO (C), 172,50 (C), 40,19 (CHz), 64,03 (CH), 22,13 (CH3), 

128,8-125,7 (CH). 
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