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Abstract - The stereochemical correlation between the ene adducts 2 and 4a
and their products of alkaline hydrolysis is reported. Starting from 2, by
using a degradative sequence, a stereocontrolled approach to y-amino-g(R)-
hydroxybutyric acid (GABOB) 8f and (R)-carnitine hydrochloride 8g is descri-
bed.

In the course of studies involving the synthesis of medicinally important compounds, our attention
was drawn by the ability of g-pinene 1 to promote, in an ene reaction, the creation of a new chiral
center with good to excellent enantiomeric excess. For example, TiCl -cata]ysed reaction between
(15,58)-(~)-g-pinene 1 and chloral led to 2 as the sole d1astereomer, whilst AICT,-catalysed addi-
tion of methyl glyoxylate produced a 85:15 mixture of ch'astereomers.3 In the latter paper, Gill et
al. proposed the net retention of stereochemistry at the exocyclic center of 2 during alkaline hy-
drolysis of the trichloromethyl group. Not long after, Wynberg and Staring4 claimed the complete in-
version of stereochemistry for the same kind of reaction. We therefore decide to clarify these con-
tradictory reports by correlating the adducts 2 and 4a (obtained as major diastereoisomer by react-
ing 1 with ethyl glyoxylate) as well as their products of alkaline hydrolysis with compounds of
known absolute configuration (Scheme I). Herein we describe the conversion of these adducts into
(R}=(+)- and (S)-(-)-diethyl malate acetate 8a and 8b, (R)-(+)-diethyl methoxy succinate 8c, (R)}-
carnitine hydrochloride 8g and (-)-GABOB 8f, thus connecting in a single homogeneous chemical corre-
lation all these compounds.

Phase-transfer catalysed alkaline hydrolysis (NaOH,g;Bu4N+HSO CH2C12 20) of the optically pure
2, known to possess S configurat'[on5 at the exocyc]ic center, and subsequent esterification (30%NaOH,
EtI, HMPA, r.t. ) gave the hydroxy ester 5a,|¢x[D -8.9°(c 2.17 sCH,CT, ), which was in turn acetylated
to produce 5b. ConverSIOn of 5b into 8a was achieved by using a modlfication of the sequence devised
by Spencer and Hi]] (Scheme I1). The reaction of 5a with m-chloroperbenzoic acid (CH C] ,0°C,24 h)
followed by acid-catalysed rearrangement (acetone, 0.1 N HC1, 3 h, r.t.) provided 7a,|a lD -68.9°
(c 0.92,CH2C12). For the degradation of the monoterpenoid moiety, 7a was treated with Jones' oxidant
(acetone, 15 min, r.t.) and the resulting crude mixture was further oxidised with Rqu-NaIO4 in two-
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phase system (MeCN- CC1 0) to give, after esterification (oxa1y1 chloride, CHZC12, cat. DMF,
2 h, r.t.; EtOH, 2 h, r. t ), (R}-{+)-diethyl malate acetate 8a, |a |D +15.7°(c 1.2, CH 2) with 84%
enantiomeric excess (e.e. )

Inversion of the exocyclic chiral center of 5a, via sequentia] mesylation followed by solvolysis
with cesium acetate in HMPAg, furnished the acetate 4b,|a |D -39.4°(c 1.55,CHC1 ), wh1ch was subjec-
ted to the same degradation pathway leading to (S)-{-)-diethyl malate acetate 8b IuID -15.4°(c 1.4,
CHCY,).

These findings clearly account for a near complete inversion of the configuration at the center
bearing the hydroxy group during the alkaline hydrolysis of 2. Moreover, to the adduct 4a,la|§0-32.4°
(c 2.33, CHZCIZ), resulting from FeC13-cata1ysed ene reaction between 1 and ethyl glyoxylate, the
prevalent S configuration (82% d.e.) could be attributed and this was substantiated by conversion
to 8b,|u|§0 -15.4°(c 1.4,cuc13).

We also established the absolute configuration of the methoxy acid arising from treatment of 2
with sodium methoxide in methano].3 (R)-(+)~-diethyl methoxy succinate 86,|a|§0 +42.2°(c 1.2,CH2012)
was recovered from the usual degradation of 3, further on confirming an almost complete inversion
of stereochemistry at the chiral center under investigation. Previous stereochemical assignments
for 33 must be therefore reversed.

The good feasibility of the synthetic pathway outlined above could be also exploited for a stereo
specific access to two pharmacologically important compounds, e.g. (R)-carnitine 8g, a drug widely
used for the treatment of myocardial ischemia10. and (-)}-y-amino-g{(R)-hydroxybutyric acid 8f, a ner-
vous inhibitory neurotransmitter11 extensively clinically tested in the treatment of human epi]epsy!
TMSme4m®dmnﬂﬁ4h,mﬂw)MtMCmﬁhNNWRMOMMMdﬁmz produced the diol
6a, laID -19 4°(c 1.9,CHCY ) which was converted, through the agency of PPh3—CC1 system (pyridine,
r.t., 4 h) , into the chIorohydr1n 6b and thence acetylated to afford 6c, |a | 20 -25 4°(c 1.1 »CH,C1 )
By using the usual degradation pathway, ethyl 4-chloro-3(R)-acetoxybutyrate 8d, ] |IJ +12.3°(c 2. 7
CHC1 ) was obtained in good overall yield.

The chlorine atom in 8d was instrumental in the development of an efficient three-step process for
converting 8d into GABOB 8f. Removal of the acetoxy group in 8d with 3% HC1-EtOH at r.t. for 48 h ga-
ve 8e, [a|n +19.3° (¢ 1.2, CHZC]Z), in quantitative yield. Exposure of the hydroxy ester 8e to 25%
NH,OH at 80°C for 3 h promoted intramolecular lactamisation to 4(R)-hydroxy-2-pyrrolidinone 9 ,l |20
+ 56 1°( ¢ 1. 3,H 0), which by subsequent hydrolysis with N LiOH(r.t., overnight) afforded (R)-(-)-
GABOB 8f, |a [D -19 1°(89% e.e. ) > in 66% overall yield from 8e. Finally, treatment of 8e with dlme-
thylamine in EtOH, followed by acid-catalysed hydrcIySIS (3N HC1, 3 h, ref1ux) according to Slh
produced (R)-(-}-carnitine 8g as hydrochloride, Iuln -20.1°(85% e.e.) , m.p. 142-5°C, in 56% over-
all yield.

Our findings described above not only correct previous stereochemical assignments but also confirm
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the absolute configurations proposed for (-)}-GABOB ~ and (-)-carnitine and allow a useful entry for

a number of four-carbon chiral building blocks.
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EXPERIMENTAL
M.p.s. were measured on a Blchi capillary apparatus and are uncorrected.,l.r. spectra were recorded
on Perkin-Elmer 257 spectrometer as liquid film unless otherwise stated. H-N.m.r. spectra were recor-
ded on a Bruker WP-80 (80 MHz)} instrument and chemical shifts are gquoted in p.p.m. relative to tetra-
methylsilane as internal standard using deuterochloroform as solvent unless otherwise stated. Opti-
cal rotation measurements were obtained in dichloromethane{unless otherwise stated) on a Perkin-El-
mer 241 polarimeter. Thin-layer chromatography(t.l.c.) were performed on glass plates pre-coated
with Merck Kieselgel 60GF. and spots were located with a vanillin-sulphuric acid-EtOH spray rea-
gent. Silica gel flash chromatography (f.c.) refers to the method of Still et al.(Ref. 19). (-}-g-
pinene,|a|2® -21.0°(neat}{92% ﬁﬁe.) was purchased from Fluka. Ethyl glyoxylate was prepared accord-
ing to the procedure of Kelly.

1,1,1-Trichlore-3](15,55)-6,6-dimethylbicycle]3.3. 1| hept-2-enyl{propan-2(S)}-ol 2. To a stirred ice-
cooled mixture of 1 (15.6 mL, 0.1 mol) and anhydrous chloral (9.8 mL,0.1 mol) under nitrogen was ad-
ded anhydrous FeCl, (325 mg, 2 mmol} and stirred overnight. The reaction mixture was dissolved in
EtOAc, washed with“water, dried and evaporated to dryness.,F.c.(cyclohexane-CH,C1,,4:1) provided 2
(21.3 g,75%) as a colourless oil,|a|2® -50.8°(c 1.11)}|1it.": -48.2%(c 0.515,CC% )f; RF(hexane-CH C12
1:1) 0.4{violet);s 0.87(3H,s,9-H),t.go(tH,d,J 8.4Hz,7a-H},1.27(3H,s,8-H) ,2.61(1H,br d,J 4.8Hz,0H§,

. 1 1
gi?(iﬂ,d qumt,JAB 14.4,‘13.’2,«“03’3,«33,4 2.14z,3'-H),3.98(1H,ddd,J 9.1,4.8,2.1Hz,2"'-H)} ,5.44(H,m,

Ethyl 2(S)-Hydroxy-3](1S,55)-6,6~dimethylbicyclo|3.3.1]|hept-2-en~yl|propancate da. Treatment of 1
with ethyl glyoxylate as in the preceding experiment, followed by f.c.{CH,Cl,} gave 4a,as a colour-
less o0il (60%),]a{2° -32.4°(c 2.33}; RF(CH Clz} 0.3(reddish brown}; i.r. 3486,1735 cm 38,0.81(34,s,
9-H),1.14(1H,d,J 8.3HZ,7a-H),‘I.24(3H,s,8-H§,1.26(3H,t,J 7.0Hz,CH2§‘[_ei_) +2.58{1H,br d,J 3.8Hz,0H),4.12
(1H,br q,J 4.0Hz,2'-H),4.17(2H,q,J 7.0HZ,Cﬁ£Me),5.35(1H,m,3-H).

Ethyl 2(R)-Methoxy-3|(1$,55)-6,6-dimethylbicyclo]|3.3.1|hept-2-en-2-y1| propanoate 3. To a stirred
soTution of MeONa (10 g, 185 mmol) in MeOH (200 mL) at 0°C was added dropwise a solution of 2 (10 g,
35 mmol) in MeOH( 100 mL}. The mixture was stirred overnight at room temperature. After the reaction
mixture had been refluxed for 4 h, the bulk of MeOH was removed under reduced pressure and water was
added. This solution was extracted with Et,0 and the organic layer was discharged. The aqueous solu-
tion was acidified with 10% H SO4 and extracted with Et_ 0. The combined extracts were washed with
water,dried and evaporated. Tﬁe resulting residue (5.5 §) was dissolved in HMPA {70 mL), 30% ag NaOH
(5 mL) was added and the mixture was stirred for 30 min before addition of Etl (8.5 mL,105 mmol).
The solution was allowed to stir overnight, quenched with 10% H_SO, and extracted with Et 0. The
combined organic extracts were washed with sat. NaHSO, solution, water, dried and evapora%ed.F.c.(
cyclohexane-tﬁzcl s1:1) gave 3 (5.6 g,63%) as a gqlour1ess 0il,lal2® +7.3°(c 1.77); R_{cyclohexa-
ne-CHZCT »1:1) 0.3 (reddish brown}; i.r. 1735 cm 5 § 0.81(3H,s,9—ﬁ),1.13(1H,d,d 8.3Hz,7a-H),1.25
(3H,s,8-ﬁ),1.27(3H,t,J 6.4Hz,2'-H) ,4,19(2H,q,J 7.1Hz,EﬂQMe),5.30(1H,m,3-H).

Ethyl 2(S)-Acetoxy-3]{1S,55)-6,6~dimethylbicyclo|3.3.1|hept-2-en-2~y1| propancate 4b. (a) From 5a.
5a{ 5.0 g, 21 mmol1) was disselved in dry pyridine (50 mL} and mesyl chloride (1.8 mL, 23.2 mmol) was
cautiously added at 0°C. The solution was stirred at r.t. for 1 h. The mixture was diluted with Et0
and washed successively with 10% H 504, sat. NaHCO, sol. and brine. The solvent was evaporated to
give the crude mesylate which was aissolved in HMPi (50 mL). Cesium acetate (5.0 g,26 mmol) was add-
ed and the mixture was heated under stirring at 80°C for 3 h. After cooling, the mixture was diluted
with £t 0, washed thoroughly with water, dried and evaporated. F.c.{cyclohexane-CH 012,1:1) yielded
4b_§4.4 g, 75%) as a colourless oil,|a]2? -39.4°(c 1.55); R (CH261 ) 0.25(reddish Erown),i.r. 1745
38, 0.80(3H,s,9-H),1.13(1H,d,J 8.3Hz,7a-H),1.21(3H,5,8-ﬁ),1.22 3H,t90 7.1HZ,M_eCH2),2.10(3H,s,0Ac)
2.44(2H,m,3'-H) JA.15(2H,q,J 7.1Hz,CH Me) ,4.90(1H ,dd,J 7.7,6.1Hz,2"'-H},5.32(1H,m,3-H)"
{b) From 4a. The title compound was cbtained as described for 5b in 93% yield,laIé°-39.3°(c 2.30).

Ethyl 2(R)-Hydroxy-3[(1S,55]-6,6~-dimethyibicyclo[3.3.1]hept-2-en-2-y1| propancate 5a. To a vigorous-
1y stirred solution of 2 (10.0 g, 35.3 mmol) in CH C12(100 mL) a solution of NaOH(40.0 g,1 mol) in
water (60 mL) and tetra n-butylammonium hydrogensu?phate (10.0 ¢,29.5 mmol1) were added. The mixture
was stirred at r.t. overnight, then it was cooled,carefully acidified with 20% H,S50, and extracted
tharoughly with Et 0. Usual work-up gave an amorphous residue {5 g}. This was tréated in the same
manner as describeé for the corresponding methoxy acid (vide supra) to produce, after f.c.(CH C]z),
the corresponding hydroxy ester 5a (5_g, 60%) as a colourless oil,[a]2°-8.9°(C 2.17), R (CHZC? )
0.3(reddish brawn}, i.r. 3480,1735 cm 38y 0.83(3H,s,9-H),1.13{1H,d,J 8.1Hz,7a-H),1.17(§H,s,8- ),
1.30(3H,t,J 7.2Hz ,MeCH. 1,2.34(28,m,3"'-H], 2.55(1H,br s, OH},4.20{1H,t,J 6.4Hz,2'~-H) ,4.22(2H,q,J 7.2
Hz,Cﬂzﬁe),5.35{16,m,3-ﬁ).

Ethyl 2(R)-Acetoxy-3|(15,55)-6,6-dimethylbicyclo[3.3.1|hept-2-en-2-y1| propancate 5b. The hydroxy

ester 5a ( 7.2 g, 30 mmol} was dissolved in dry THF (100 mL) and treated with acetic anhydride (4.3
ml, 45 mmol) and 4-dimethylaminopyridine (1.0 g,8.2 mmol) at r.t. for 3 h. The solution was diluted
with EtOAc and washed with 2R H,SO,, sat. NaHCO, sol., water and finally with brine. Removal of the
solvent gave a residue which, after f.c.(cycIohexane-CHZCIZ, 1:1), gave 5b (7.7g, 91%) as a colour~




(—)-B-Pinene as chiral promoter 5611

less oil,|a|2° -3.8°(c 1.15); RF(CHZC]Z) 0.25(reddish violet),s,0.80(3H,s,9-H),1.07(1H,d,J 8.6Hz,
7a-H),1.25(3H,s,8-H),1.26(3H,t, J 7.0HZ CH Me),2.06(3H,s ,0Ac),2.28(1H,br dt,J 8.6,1.84z,7b-H),2.46

(2H,m,3'-H) ,4.19(2H,q,J 7.0HZ,CﬂzMe),5.05( 1H,t,J 6.6Hz,2'-H),5.34(1H,m,3-H).

1-Chloro-3| (15,55)-6,6-dimethylbicyclo|3.3.1]|hept-2-en-2-y1| propan-2(R)-y1 acetate 6c. The alcohol
6b was acetylated in the same manner as described for 5a to produce the acetate 6¢c as a colourless

oil in 93% yield; la[2® -25.4°(c 1.1), RF(hexane-CH2C1 ,1:1) 0.3(violet);s,0.81(3H,s,9-H),1.10(1H,
d, 8.3Hz,7a-H) ,1.26(D,s,8-H) ,2.30(2H .m, 3'-H) ,3.63%nd 3.54(AB part of ABX pattern,d 11.5,5.2,4.6
Hz,1'-H),5.03(1H,dddd,J 4.6,5.2Hz,2*-H),5.33(1H,m,3-H).

3-{(1S,55)-6 ,6-dimethylbicycla|3.3.1|hept-2-en-2-y1|propan-1,2(R}-dial 6a. A solution of the crude
acid from the hydrolysis of 2 (12.5 g, 59 mmol) in dry THF (125 mL) was dropwise added to a stirred
suspension of LiATH, (6.7 g, 177 mmol) in dry THF (125 mL) and the reactionzwixture was refluxed for
4 h. After cooling %o r.t., the reaction was quenched according to Micovic. The organic layer was
evaporated and the residue dissolved in EtOAc, washed with sat. ammonium sulphate sol., dried and
evaporated in vacuo. F.c.(CHZCT -Et20,7:3) gave 6a (9.8 g,_§4%) as a colouriess Oi1=|a|6° -19.4°

(c 1.19);R (CHZCI -Et,0,7:3) O.E(broun); i.r. 3380,1650 cm 35,0.81(3H,5,9-H),1.10(1H,d,J 8.3Hz,7a-H),
1.24(3H,s,6-H)21.97(1A,br d, J 5.7Hz,0H), 3.36 and 3.44(AB part of ABX pattern,d 11.2,8.5,6.9Hz,1'-H),
3.60(1H,m,2'-H) ,5.33(1H,m,3-H).

{-Chloro-3](15,55) -6 ,6-dimethylbicyclo|3.3.1| hept-2-en-2-y1|propan-2(R}-o1 6b. The alcohol 6a(10.4 g,
53 mmo1) in dry pyridine (100 mL) was treated at 0°C with PPh, (29.0 g,110 mmol) and CC1,(5.3 mL,

55 mmol). The solution was stirred at r.t. under nitrogen for™4 h, then poured onto 50% K_S0,-crush-
ed ice and extracted with EtOAc. Usual work-up followed by f.c.(cyclohexane-CH,C1,,1:1)gave 6b (6.1
g, 53%) as a colourless oil,]a|2° -25.5°(c 0.86), R (CH,C1,) 0.35(violet); § 6.82(3H,5,9-H) ,1.12
(1H,d,J 8.3Hz,7a-H),1.26(3H,s,8-H),1.98(1H,br s,OH),3.4; and 3.60(A8 part ofHABX pattern, J11.4,6.4,
3.8Hz,1'-H), 3.80(1H,br dq,J 6.4,3.84z,2'-H),5.37(1H,m,3-H).

Fthyl 2(R)-Acetoxy-3]4(R)-{1-hydroxy-1-methylethy1-6(S)-hydroxy-1-cyclohexen-1-y1|propanoate 7a. A
solution of 5b (2.8 g, 10 mmol) in CH C'l2 (40 mL) was stirred at 0°C and a slight excess of recry-
stallised standardised gfchtoroperbengoic acid was added portionwise and the mixture was stirred
avernight at r.t. The reaction mixture was diluted with more CH,C1,, washed successively with sat.
NaHC03 sal., brine and dried. Evaporation gave a crude epoxide whiCh was treated with a (1:1) mi-
xture of acetone and 0.1N HC1 (40 wmL)for 3 h at r.t. Usual work-up followed by f.c.(EtOAc-cyclohe-
xane, 1:1) gave 7a (1.47 g,47%) as wgite needles ,m.p. 98-9°C(Et0),|a|2° -68.9°(c 0.92), RF(EtOAc)
0.3 (violet); i.r. 3310,3260,1748 cn ;5 1.19(6H,s,8-H and 9-H ,1.27(9H,t,d 6.7Hz,CH Me), 2.10
(3H,s,0Ac), 2.47 and 2.76(AB part of ABX pattern,J 14.6,8.3,5.6Hz,3'-H),4.16(1H,br t,J 2.4,6-H),4.19
(ZH,q,ngMe),5.19(X part of ABX,d,J 8.3,5.6Hz,2'-H),5.68(1H,br d,J 5.0Hz,2-H}.

Ethyl 2(S)-Acetoxy-3]4(R)-(1-hydroxy-1-methylethy1}-6(S)-hydroxy-1-cyclohexen-1-y1|propancate 7b.

The 2(S)-acetoxy derivative 4b was treated in the same manner as described for the corresponding 2(R)-
derivative (vide supra) to produce 7b in 49% yield, m.p. 116-7°C(Et,0),[a|3? -87.7° (c 1.10);5,1.20
(6H,s,8-H and 9-H),1.29(3H,t,J 7.1Hz MeCH ),2.11(3H,s,0Ac),2.60(2H,§r d,J 6.6Hz,3'-H),4.12(1H,m,6-H),
4,17(2H,q,J 7.1Hz,CﬂzMe),5.22(1H,t,J 6.6HZ,2'-H),5.67(1H,br d,J 4.1Hz, 2-H).

Ethyl 2(R)-Methoxy-3|4(R)-(1-hydroxy-1-methylethyl)-6(S)-hydroxy-1-cyclohexen-1-y1|propanoate 7c.
This compound was prepared from 3 in a manner identical to that described for 7a. F.c.(EtOAc-cyclohe-
xane,4:1) of the crv:'e product gave the title compound in 53% yield as colourless needles,m.p.94-5°C
(Etzo),|u|2° -66.3°(c 0.97),RF(CH C1,-hexane, 1:1) 0.3(reddish brown),s, 1.20(6H,s,8-H and 9-H),1.28
(at%t,3 7.8z MeCH,) ,2.35 and"2.62(AB part of ABX syst, J 14.8,9.0,4.4 Hlz,3'H) ,3.21(1H,br s,0H) ,3.40
(3H,s,0Me),3.87(1H5dd,J 9.0,4.4 Hz,2'-H},4.06(1H,br t,J 2.4Hz,6-H),4.22(2H,q,d 7.1Hz,CH Me),5.71(1H,
. -2
br d,J 4.1 Hz, 2'-H).

o,a-Dimethy1-4|2(R)-Acetoxy-3-chloro-prop-1-y1|5(S)-hydroxy-3-cyclohexene-1(R) -methanol 7d. This com-
pound was prepared in a manner identical to that described above. F.c.(EtOAc-cyclohexane,4:1) of the
crude product gave 7d as colourless needles, m.p. 117-8°C(Et_0),]«]2° -65.9° (c 1.11),6H 1.18(6H,s,
8-H and 9-H),1.50(1H,br s, OH), 2.02(3H,s,0Ac) ,ABMNX system ;or 2'-H, 1'-H and 3'-H at 5.25(dddd)
3.56(dd) and 3.67{(dd), 2.30(dd) and 2.57(dd), respectively) with J(3*,3') 14.4Hz,J(1',1") 11.8,3(2*,
3') 7.7 and 5.9,3(1',2') 5.6 and 4.8; 4.16(1H,br s,W3 9.5Hz,6-H),5.68(1H,br d,J 4.3Hz,2-H).

(R)-Malic acid diethyl ester acetate 8a. Jones' reagent was added dropwise at r.t. to a stirred so-
Tution of 7a (3.2 g,10 mmol) in acetone (70 mL) until the orange colour persisted. After a further
15 min, the mixture was diluted with water and the acetone removed in vacuo. The residue was extract-
ed with Et0OAc and extract washed with sat. ammonium sulphate sol. and evaporated to dryness. The re-
sidue was dissolved in a mixture of MeCN(45 mL), CC1,(45 mL) and water {70 mL). Stirring was initia-
ted and Nalo4 (13.0 g, 61 mmol) was added. After several minutes, Ru0 (Hzo) (50 mg) was added and
stirring was continued overnight. The heterogeneous mixture was filtered anﬂ diluted with CH,C1

(100 mL) and the aq. and organic phases partitioned. The aq. phase was extracted several times with
CH,C1, and the combined organic extracts were concentrated. The resulting residue was dissolved in
Et_0 and extracted with sat. NaHCQ, sol. The combined aq. phases were acidified with 20% H_ SO, and
extracted (3x) with EtZO.Evaporation of the organic layers gave the crude acid which was dvssolved
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in CH C]z (50 mL) and treated with oxalyl chloride (2.5 mL,29 mmol) in the presence of a drop of
DMF. Kfter 2 h the solvent was removed in vacuo and the residue was taken up in THF (30 mL) and ade
ded under stirring to dry EtOH (80 mL). The solution was stirred for 2 h and concentrated. F.c.{cy-
clohexane-Et0Ac,4:1) afforded 8a (1.05 g, 45%) as a colourless oil, lalS“ +15.7°, |a]82s +38.0°(c
1.2.CHC13)(84% e.e.).

(S)=(-)-Malic diethyl ester acetate 8b. This compound was prepared in a manner identical with that
described for 8a in 39% yield; [a[é“ -15.4°, le|22s ~36.6° (c 1.4.CHCl3)(82% e.e.).

Ethyl 4-Chloro-3{R)-acetoxybutyrate 8d. This compound was obtained as described for 8a in 48% yield
as a colourless ofl, [«[2° +12.3°(c 2.7,CHC1,);8, 1.23(3H,t,J 6.7Hz,MeCH,),2.07(3H,s,0Ac) ,4.15(2H,t,
J 6.7Hz,C§2Me}; 2.71(d), 3.70(d) and 5.38(tt] for 2-H,4-H and 3-H,respec%ive1y(A2M2X pattern with

32’3 5.6,02’4 4,7Hz).

(R)-Methoxy succini¢ diethyl ester 8c. dJones' reagent was added dropwise at r.t. to a stirred solu-
tion of 7a (3.0 g, 10.5 mmol} in acetone (70 mb) until the orange colour persisted. After a further
20 min the mixture was diluted with water and acetone was removed in vacuo. The residue was extract-
ed with Et0OAc, the organic layer was dried and evaporated to dryness. The resulting residue dissolv-
ed in EtOAc (70 mL) was added dropwise under stirring to a mixture of KMnO, (6.0 g, 38 mmol) and tes
tra n-butylammonium hydrogensulphate (720 mg, 2 mmol)} dissolved in water-acetic acid (5:1)(85 mL}.
The reaction was allowed to proceed overnight. Excess KMnO, was destroyed with MeOH and the MnO, ppt
was dissolved by adding sodium sulphite to the solution maﬁe acidid (pH 1) by 20% H250 addition.
The clear organic layer was separated and the aqueous layer was extracted (3x) with EtaAc. The com-
bined erganic extracts were concentrated and the residue dissolved in Et_ 0. In the manner described
for the preparation of 8a fram 7c, pure 8c was obtained in 40% yield as a colourless oil,|a|3°+42.2°
(Lit."™": ~60.11° for S-enantiomer).

Ethyl 4-Chloro-3(R)-hydroxybutyrate 8e. Ta a 3% HC1 in absolute EtOH {100 mL)|prepared by addition
of acetyl chloride (5 mL) to dry EtOH(100 mL)}{,8d (5.0 g,24 mmel) was added and the resulting solu-
tion was stirred at r.t. for 48 h. The so}gent was evaporated in vacuo leaving 8e as a colourless
oil (4.0 ¢,98%),]c|2° +19.3°(c 1.2} {Lit. : |«]2® ~11.7°(c 5.75,CHC1,) for the prevalent S-enantio-
mer (55% e.e.}};s, 1.29(3H,t,d G.YHZ.Cﬂzgg),3.$1 1H,br s, OH),4.16{2H,q,d 6.7HZ,C§2Me); 2.62(d),
3.57(d) and 4.20(m) for 2-H,4-H and 3-H,respectively (AZBZX system with J2 36.2,J2 4 5.5Hz).

» ]

4(R)-Hydroxy-2-pyrrolidinone 9. A stirred mixture of 8e (4.0g, 24 mmol) and 25% NH,OH (50 mL) was
heated at 80°C for 3 h and then evaporated to dryness. F.c.(acetone) of the resulting qﬁsidue gave

9 (2.0 g, 82%) as colourless cubes,m.p. 157-8°C(acetone),|a|2® +56.1°(c 1.3,H,0) |Lit. : +57.3°|;
RF(acetone) 0.15(blue spot, chlorine-benzidine spay);s, (D0 2.26(1H,dd,J3 ,18.0,4 4,2.5H:r..:’;-l-!),,
3.81(1H,dd,J ,18.0,4d,, 6.1HZ,3'-H),3.33({H,dd,J5 5 Z.Z,J4 52.1HZ,S-H),3.73(1H,dd,§§ 5,?2.2,&!4 5t
5.4z,5'-H) 4 284(1H,ddad}] 6.1,5.4,2.5,2. Tz, 4-H).>* , . ,

4-Amino-3(R)-hydroxybutyric acid 8f. A sotution of 9 (2.0 ¢,20 mmol) in 1N ag. LiOH (80 le was stir-
red at r.t. for 24 h and then poured on a column of ion exchange resin {Amberlite IR-120,H }. The
column was washed with water until the eluate was neutral. Subsequent elution with 10% NH OH and
evaporation gave a crude preduct which recrysta]%ised from aq. EtOH to afford pure 8f (2.1 g, 89%),
m.p. 210-2°C(dec),[a|3®-19.1°(c 1.6,H,0) {Lit.": m.p. 210-2°C(dec), [a] -21.4° 5 (D,0) 2.45(2H,
d,2-H) ,3.15(2H,m, 4-H)04.0-4.5(1H,m,3-A) .

(R)-Carnitine hydrochloride 8g. A mixture of 8e (2.1g, 12.6 mmol) and 33% ethanolic dimethylamine
{70 mL) was refluxed for 6 h. Evaporation of the solution gave a white solid which was taken up in
3H NC1 (50 mL) and heated at reflux for 3 h. After evaporation of the solvent, the residge was dis-
solved in water, the resulting solution was added to an Amberlite IR-120 column in the H form and
the column was washed with water until the elute was neutral. The carnitine fraction was then isola-
ted by washing the column with 10% NH OH solution. Evaperation of this gave a thick oil which was
acidified with concd HC1 and evaporation gave crude 8g. Trituration from propanig-o1 gave pure 8g
(1.56 g, 56%) as colourless solid, m.p. 144-6°C, [a|2® -20.6°(c 2.1,H,0) [Lit. ": -23.7°(; GH(D 0)
3.22(9H,s,NMeS), AZB X system at 2.69(d,2-H},3.50(d,H-H) and 4.69(m,3-8) with Jz 36.9 and J3’45.§Hz.
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