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AbstmeC An lnmoWkd whole cell Rhodococcus sp. (SP 361) has been shown to he an effective catalyst for the 
steswselective hydmlygis of boih mcemic and pm&id nihile cootairdng cunpounds. 2-Alkyl-afylaceloni~ 6a-811 
wen hydrolysed to (S)-crids and (JQ-amides whereas the closely dated subate 9a gave the (R)_acid. A series of 
pchiml dinitrilea lOa-13~ VEID hydrolysed to the ca1espondin8 (S)-acids with e.e.‘s 22-8456. Models to acwunt 
forthestueoselectivityofth?enzymich~ysahavebeenpposed. 

INTRODUCTION 

Organonitriles sre versatile interuUiates iu orgauic synthesis owing to the ease with which they can be 

prepared aud subsequently transfonued.l However perhaps the simplest functional group change that a nitrile 

can undezgo i.e. hydrolysis to an amide or carboxylic acid is often diffiiult to achieve due to the harshness of the 

conditions required (6M HCL - reflux or 2M NaOH - reflux)? With this in mind we have sought to develop a 

mild, catalytic method that would be broadly applicable to a diverse. range of nitrite containing c0mpounds.3 The 

abiity of enzymes to catalyse nitrile hydrolysis is well documented4 but vastly underexploited, particularly 

considering the successful application of lipases and esterases for the preparation of chkal building blocks. 

Enzymic niuile hydrolysis proceeds via one of two pathways (Scheme 1). namely a two step process iu which 

the nitrile is firstly converted to an amide (hydratase) aad subsequently to a carboxylic acid (czmkfme) (eq. 1) or 

altematively direct hydrolysis of a nitrile to a carboxylic acid (nit&se) (eq. 2).5 

RCN 
hydratase 

- RCONH2 
amid&e 

- RC02H eq.1 

RCN 
nitniase 

RCOpH 

Scheme 1 

Little is known about the enzymes involved altbougb tttey appear to be widely distributed in a range of 

micro-organisms. A limited number of studies have shown that whole cell preparations containiag these enzymes 
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are suitable for the hydrolysis of structurally diverse organonitriles.6 Indeed we3 and others7 have shown that a 

Rhodbcoccw sp. immobilised onto an ion exchange resin, can efficiently hydtolyse nitriles to both amides and 

carboxylic acids. This organism contains only the hydratase/amidase system (eq. 1) and not the nitrilase 

enzyme (eq. 2). In this paper we report in full the results obtained using racemic and pmchiral substrates and 

propose models to rational& the obsetved stereoselectivity.* 

DISCUSSION 

StetuoseLeclive hydklysi8 of rrroanic nit&s: 

Initially we chose a range of simple racemic nitriles and exposed them to the Rhudococcus SP 361 

catalyst under the standatd conditions (i.e. 5-100 mM concentration in phosphate buffer at pH 7.0)s (Table 1). 

Despite obtaining modest to good conversions of the substrates to either the amide and/or carboxylic acid, none 

of the products showed any optical activity as evidenced by either IH n.m.r. in the presence of a chiral shift 

reagent pu(hfc)3] or optical rotation measurements. It is interesting to note that the allene nitrile 5 gave only the 

corresponding amide as the product. albeit in poor yield. 

Table 1 Hydrolysis of racemic nitriles &)-l-5 with Rho&coccus SP361. 

24 

25 

25 
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70 
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* starting~alsorecovercdinthescleacrions. 

yield Of% amide 

-* 26 

8 43 

ref. for 
preparation 

9 

-* 69 10 

-* 12 10 

16* - 11 

We next turned our attention to a series of 2-alkyl-arylacetonites 6a-9a. The results obtained with 

these substrates are summarised in Table 2. The most surprising aspect of the results presented in Table 2 is 

that despite the close similarity between substrates 68&t, the results obtained differ quite markedly. For 

example; 
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i) 
ii) 

iii) 

substrates 6a, 7a. and 8a yielded @)-amide and @)-acid whereas 9a gave @acid but IU) amide. 

for substrates 6a, 7a, and 9a the recovered nitrile was racer& in all cases whereas for 8a the 

tecove& nitrile was optically active and could be obtained with an be. >95%. 

substrate 90 only underwent hydrolysis at a coxent&on of 5 mM whareas 6a, 7a, and 813 could 

be trade at a concentration of 25 mM. 

Table 2; Enantioselective hydrolysis of nitriles (f)da+a with SP 361 

Is’ B2 
6a Me H 

7a Et H 

8a Me Me 

9a Me Bui 

8’ B2 
6b Me H 

7b Et H 

8b Me Me 

9b Me Bui 

El B2 
6c Me H 

7c Et H 

8c Me Me 

9c Me Bui 

subshatc amih acid Cam. tin 
eJ.Q% (RI/(SP) yield6 fa.J%b) (R)/(s)=) mhi h 

6a 29 78e) (R) 41 65 (S) 25 12 

6a 20 78c) (R) 45 45 (S) 25 20 

7a 66 W) (R) Nl - - 25 25 

7a 31 W) (J0 22 * 0) 25 71 

aa* 446 (R) 32 ~95 (S) 25 13 

8a** 18 s95a) (R) 41 S5 (S) 25 24 

9aS ND - 12 33 (R) 5 30 

9a* ND - n 32 (R) 5 52 

9a* ND - 19 35 (R) 5 72 

Nl-notisola~ND-notdetecws- recowsd nitrile was also isolated 151% (30h). 13% (Zh)]: +tecwered 
(R)-nitrile. 40% yield, 50% e.c *Wead (R)-nitrile, 25% yield, 95% e.e. a) e.e. detamhted by chiral shift 1H 
n.m.r..; b) e.e. de&mined by chiml shift IH n.m.r. on methyl e, c) ae. determined by chemii hydrolysis 
(AcOH#M H2SO4. 1:l) to carboxylic acid Ihen lls for b): d) absolute configurtuion determined by chemical 
hydrolysis to the carboxylic acid then compafisan of [OrID value with the litefature.12~26; e) absolute 
ConfigU&XI &UmhKd by Comparison Of [CI]D VahR with the kat~IR.~~ 

In order to shed further light on these reaCtions the amides (f)-7b. 8b. and 9b were prepared from the 

comsponding nitriles (H2O2.10% NaOH, r.t.)14 and submitted for hydrolysis by SP 361. In this way it would 

be possible to examine solely the effect of the amidasc on the stcaeosclcctivity of the Itaction (Table 3). 
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Table 3. Enantioselective hydrolysis of amides (f)-7b-9b with SP 361 

substrate XIlidc aAd one. &Ire 

e.e.Bb) (R)/W) ddcU% c.w’# (R)/(S)d) mM h 

7b 20 s98 @I 25 86 VI 25 145 

7b 33 s8 (R) 22 80 G) 25 216 

8b 15 18 (R) 20 >95 (S) 25 6 

8b 62 51 (R) 35 >95 W) 25 15 

9b 55 10 (R) 29 32 0) 5 6 

9b 42 22 (R) 51 19 (S) 5 12 

9b 7 26 CR) 60 6 (S) 5 24 

ND - not det&ted: a) e.e. determined by chirai shift lH n.m.r. on careqodng methyl estes (CHzN2): b) e.e. 
dewmined by chid shift lH n.m.r. c) absolute w@pion de&s&cd by chemical hydrolysis to the cadwylic 
acid then comparison of [a]D value with the literamre. 2*; d) abaA& ccmfi&an dekmuwd by comparison of 
[air, value with the litcxalme.13 

The data in Table 3 confmn that the amidase is (S)-selective yielding, in all cases, O-acid and (R)- 

amide. Thus the stereoselectivity observed for substrates 6a -9a may be rationalised according to Scheme 2. 

Scheme 2: Model for the hydrolysis of 6a-9n. 

RCN 
hydrmase 

- RCONH2 
amidare 

l(R) or (g) or [(Wekctive] 
non-selective] 

The important feature of the model shown in Scheme 2 is that all of the observed changes in 

RC02H 

stereoselectvity am a consequence of the initial hydrutuse reaction. The amidase reaction that follows always 

shows Q-selectivity. Furthermore the reaction rates of the hyakatme and umidase reactions affect the overall 

result as follows. Nitriles 6a and 7a are hydrolysed rapidly and non-selectively by the hydratare to give 6b and 

7b respectively, both still racemic. Subsequent slow @‘)-selective hydrolysis catalyscd by the amkkse yields Q- 

acid and recovered (R)-amide. For nitrile 80 the initial hydrolysis by the hydra&zse proceeds with (s)_selectivity 

yielding recovered (R)-nitrile, followed by the (~-selective umidare step. Fiiy for nitrile 9n, the results can be 

rational&d by proposing a relatively slow (R)-selective hydratare reaction followed by a faster (Sk&zctive 

amidase step. The (R)-selective hydnztuse step would furnish @)-amide which is not detected since it is 

immediately consumed by the umiairse reaction. Since the amidase step is faster, the (g,kelectivity would not be 

apparent and the predominantly (R)-amide would be rapidly converted to predominantly @)-acid. The only 

aspect of the hydrolysis of 9a that is difficult to explain is the recovery of racemic nitrile from reactions that had 

not gone to completion. If the hydrume step is (R)-selective then the recovered nitrile should be of (S)- 

configuration. That this was found not tu be the case implies in sine racemisation of the nitrile 9a. Support for 

this idea comes from the observation that the acid 9e, recovered from three different sections, had a constant e.e., 

implying a dynamic resolution process. However attempts to provide direct evidence for this racemisation 
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process wem unsu~ssfuI. Thus when 24ieuterio-!3a wss prepared and submitted to the reaction conditions 

there was no evidence for loss of deuteaium label fkom the zucov& nitrile. ‘Ihe level of deuterium incorporation 

in 9a was judged to bc >98% by 1H n.m.r. thereby ruling out any possibility of a kinetic isotope effect that 

would favour hydrolysis of any r&dual protio substrate. If racemisation is occurring it is unclear why it doea 

not occur for nitrile &I. 

Sklrmoseledive hy&@wis of pnochimi dinitribss: 

In o&r to investigate the skreoselective &ect of SP 361 on prochiral substrates a series of protected 3- 

hydroxygiuterontrile derivatives Ma-Ha were pnpand. T&is was accomplished via gmxeciion of the readily 

available 3-hydroxyglutaronitrile ~1.16 When SP 361 was individually challenged with nitriles lOe-l!h, only 

15a failed to undergo hydrolysis (Table 4). For substrates Ma-14a, the nitrile-acids Mb-Mb were obtained 

with no evidence for the presence of nitril~amides. 

Table 4: Hydrolysis of din&riles IOa-15a with SP 361. 

l&k- 15a lob -14b lOc- 13c 

Substrate R tilwh lKoduct yield/% con&. e.eJ% 

10a Bn 48 10b 73 s 83 

lla BZ 48 llb 25 S -84 

12a H 65 12b 52 S 22 

13a MEM 44 13b 19 s 61 

14a Ac 65 14b 45 0 
i5a TBDMS 200 _ 

The absolute configurations of Mb-l3b were conhncd via conversion to their comsponding methyl 

esters lOc-13c and subsequent comparison of [aID values with cumpounds of known configuration. Thus the 

configuration of (S)-1Oc was established via comparison with (R)-Ilk prcpamd from commercWly available 

(S)-(-)-la (Scheme 3).17 (S)-llc and (S)-12c (after conversion to the 3-0~bcnzoate) were assigned after 

comparison with a literature report.t8 Finally 13b was established to be Q as shown in S&ma 4. 

cs)-(-)-16 CM->1 7 @)-(-)-1 oc 

Scheme 3: i, bcnzykrichlomac#imidate, C!F$W$-i. (54%). ii, NaCN, DMSO, (52%). 
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dS)-(-)-13b N-(+)-l lc 

Scheme 4: i. CH2N2 ii. Me@Br, CH2C12, -25 Oc, (46%) iii. BzCl, pyridine (92%) 

All of the products obtained from these enxymic hydrolyses were therefore of (S)-configuration. A 
consideration of the two step hydrolysis responsible for generating the products leads to the model shown in 

Scheme 5. 

amidase p 
NCACN (Ezc NC,&ONHz non_selecti;eNC,,&CH 

slow 
not detected 

fast 

Scheme 5. Model for the hydrolysis of prochiral dinitriles 

Gtkeya et al., have carried out related transformation using whole cells of Rhodococcus b&mica ATCC 
2119 Md obtained similar nsults. l* Contrary to their conclusion however, the pmscnce of an aromatic ring in 

the substrate is not an absolute req uirement for enantioselectivity to be observed. In our work. we have shown 

that both the MEM protected compound and 3-hydroxyglutarouitrile 12a itself were hydrolysed to optically 

active compouuds. 

CONCLUSIONS 

The ability of a whole cell catalyst to carry out stereoselective hydrolyses of nitrile and amide wntaining 

compounds has been demonstrated using two different class of substrates. Although trends have emerged 

governing the exact nature of the stereoselectivity of these reactions, the detailed picture remains unclear. llrls 

analysisisw~~byhavingthetwoaLzymesinvolved,ahyltratcrreeandanmnidare,,ginEandanina 

whole cell system To understand explicitly the s~selectivity at each step it will be necessary to purify the 

amidaseandhydmtaseeuxymesand examiue them individually. This goa& and the exploitation of optkally active 

synthons derived from enxymic nitrile hydrolysis, ate our current aims. 
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EXPERIMENTAL 

Unlessotherwise stated, all reagents were obtained from comial suppliers and used without further 

purification. Light petroleum (b.p. 40-60 oc) and ethyl acetate wen distilled prior to use. THF was distilled fnnn 

sodium wire and benzophenone. while dichloromethane, DIvlF and DMSO wen distilled from calcium hydride. 

Pyridine was distilled from potassium hydroxide and cyclohexane was distilled from magnesium turnings. All 

dried solvents were stored over 4 A molecular sieves under an inert atmosphere of argon. Brine refers to a 

saturated aqueous solution of sodium chloride. 

Reactions were monitored by tLc. on Muck Kieselgel60 Fs 0.25 mm plates. Plate% were visuallsed by 

alkaline potassium permanganate dip or U.V. (254 nm) light. Preparative column chromatography was performed 

using silica gel 60H (0.04-0.063 mW230-400 mesh) (Merck 9385). Solvent mixtures are expressed in volume: 

volume ratios. 

250 MHz tH and 62.9 MHz 13C NMR spectra were recorded on a Bruker AM250 spectrometer with 

chemical shifts (& and 6c) being measunzd in ppm downfield from tetramethylsilane. Coupling constants (J) are 

given in Hz. IR (urnax) spectra were recorded on a Perk&Elmer 881 IR grating spectrometer with frequencies 

measured in wavenumbers (cm-t). High resolution mass spectra (m/z) were recorded at the SERC Mass 

Spectrometry Centre. Swansea using a BG ZAB-E mass spectrometer. 

Polarimetry was carried out using an optical Activity AA-loo0 polarimeter (measurements being made at 

the sodium D-line) with a 0.5 dm pathlength cell. Concentrations (c) are given in g/ 100 ml. Melting points were 

measured using an Electrothennal melting point instrument and are uncon+ecW. 

All HPLC was run using a Gilson 303 dual pump machine with a UV detector set at 254 nm. Chiral 

HPLC was performed using a Chiracel OD column at a flow rate of 1 ml/min, with IPAzhexane [ KWO] as the 

solvent system. Chiral shift 1H NMR spectroscopy experiments were carried out using Tris-[3- 

(~yle~~(+~~hom~] Eu(IIl) derivative. 

The pH 7.0 phosphate buffer solution used for the biotransformations was prepared using 100 mM 

solutions of K2HPQ and KH$O4. A CSI AGB 2000 pH meter and combination electrode were used to mix 

the two phosphate solutions to the required PH. 

Methyl esters were made from the corresponding carboxylic acids using diazomethane, as described in 

“Textbook of Practical Grganic Chemistry,” 4th edition by A. Vogel. 

GmemlPmcedum for the Chemical Hyddysis of NibiIes into Amidks.14 

The substrate was dissolved in a solution of ethanol and aqueous sodium hydroxide (2 M), at room 

tempera-. Hydrogen peroxide solution (30 % w/v) was slowly added and the reaction stied for 4-72 h (t.1.c. 

being used to monitor the reaction). Saturated ammonium chloride solution was added and the resulting mixture 

extracted with ether or ethyl acetate. The combined organic solutions were washed with brine (100 ml), dried 

(MgSOd), filtered and the solvent removed by rotary evaporation. The required product was then purified by 

column chromatography. 
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A Gmmul Mothdfor the Chum&al Hydro&is of And&s to the Cormsponding Carlwxylic Acidkls 

To a solution of the substrate (0.2-0.7 mmol) in glacial acetic acid (6 ml) was added sulphuric acid (3 ml. 6 M). 

The mixture was refluxed at 115 Oc for 7-20 h., allowed to cool to room temperature and then extracted with 

ethyl acetate (3 x 50 ml). The organic solution was washed with brine (1 x 20 ml), dried (MgS0.t). filtered and 

the solvent removed by rotary evaporation tu afford the crude product. The residual acetic acid was removed by 

co-evaporation with toluene (3 x 30 ml). No further purEcation was afforded, unless otherwise stated_ 

Geneml Ptveeh for the Emymic Hydmlysis of iWriles and Am&s. 

The substrate was suspended in potassium phosphate buffer (100 mM. pH 7.0). The immobilised 

enxyme system (SP 361.1 s/ 100 ml of buffer) was added and the reaction shaken at 220 rprn, 30 Oc (t.1.c. being 

used to monitor the progress of the reaction). The reaction was terminated by filtration of the enxyme (through a 

celite pad). The aqueous filtrate was basified @H 10.2 M NaOH) and extracted with ethyl acetate, ether or 

chloroform. The combined organic solutions were washed with brine (1 x 50 ml), dried (MgSO4), filtered and 

the solvent removed by rotary evaporation to afford any unrcacted nitrile and/or amide. 

The aqueous portion was then acidified (PH 2.2 M HCI) and again extracted with ethyl acetate, ether or 

chloroform. The combined organic solutions were washed with brine (1 x 50 ml), dried (MgSO4) and the 

solvent removed by rotary evaporation to afford the acid product Quantities of substrate and buffer used, as well 

as reaction times, purification techniques and yields are given for each individual reaction (below). 

Racemic nitrilcs and Amides; 

Enzymic Hyddysis of (f)-2-Methyl ba@mm.Mk 1. 

(*k2-Methylbutyronitrile (300 mg. 3.61 mmol) yielded (f)-2methylbutyr-k acid (% mg, 26 %) as an orange 

liquid. 

Rr 0.67 (ethyl acetate); IalE 0 (c 0.74, CHC13); Found (CD [M + ml+: 120.1025 (CgHt4N02 requires 

120.1025); I&x (neat&m-1 2400-3550 (OH str), 1704 (CO str). 1415.1381 (CH def); 8~ (250 MHz, CDCl3) 

0.95 (3I-k t, J 7. M&HZ), 1.21 (3H, d, J 7, &&-CH), 1.53, 1.74 (lH, septet, J 7, CH-H), 2.42 (lH, sextet, 57, 

CH); k (62.9 MHz. CDCl3) 11.4, 16.3 (Me), 26.5 (CH2). 40.8 (CH), 182.7 (CO); m/z (CD 120 ([M + NH4]+, 

100 %), 100 (19). 85 (84). 74 (9). 57 ([M - COOHJ+, 15). 39 (14). 

Enzpnic Iiyhljwis of (*)-24Xkwojwopionitri& 2. 

(f)-2Chloropropionitile (500 mg, 5.58 mmol) yielded. after purification by column chromatography (ethyl 

acetate: petroleum [1:2] as the eluent), (f)-2-chloropropionitrile (25 mg. 5 %) [aIF 0 (c 0.4, CHC13). (f)-2- 

chloropmpylamide (48 mg, 8 %) mp. 75-77 Oc @it.19 77-79 oc] [a]: 0 (c 0.98, CHCI3); e.e. 0 % (chiral shift 

tH NMR spectroscopy) and (f)-2chlo mpropanoic acid (259 mg, 43 %). 

Empdc Hydmlysis of (&J-2-(2 ‘qwmoethyl)-cyclohcxanonc 3. 

(f)-2-(2’-Cyanoethyl)-cyclohexanone (300 mg, 1.98 mmol) yielded recovered (f)-2-(2’-cyanoethyl)- 

cyclohexanone (78 mg, 26 %) [a]: 0 (c 1, CHC13) and (f)-3-[l’-(2’-oxo-cyclohexyl)]-propanoic acid (212 mg. 

63 %) as a soft white solid. 



Stereoselective hydrolysis of nitriles 1093 

Rf 0.55 (ethyl acetate); m.p. 55-57 Oc @it. 20 55 WI; [a]? 0 (c 1.1, CHCl3); Found (RI) M+: 170.0943 

(C9H1403 requires 170.0943); unisx (CHCl3)/cm-12500-3600 (OH str), 1714 (CO str), 1448.1372 (CH def); 

k (256 MHZ, CDCl3) 1.20-2.50 (13H, m), 10.00 (lH, br 8, COOH); SC (629 MI-Ix, CDC13) 24.5.25.0.27.9, 

31.5,34.1,42.0 (CH2), 49.6 (CH), 179.3 (COOI-I). 212.8 (CO); m’z 170 (RI) @I+, 5 96). 152 (70). 124 (61). 98 

(82), 83 (55), 55 (100). 

lG&vmic Hydrolysis of @-6~2’-cyanoethy1)-1,4-clYoxospiro [4.5] &wlle 4. 

(f)-6-(2’-Cyanoethyl)-1,Gdioxospiro [4.5] decane (500 mg, 2.56 mmol) yielded recovered (f)-6-(2’- 

cyanoethyl)_1,4-dioxospim [4.5] decane (266 mg, 53 %) [a]: 0 [c 2.3, CHCl3J) and (k)-3-[-6’-(1’,4’-dioxospiro 

[4.5] decane)]-propanoic acid (65 mg, 12%) as a coloudess oil. 

Rf0.58 (ethyl acetate), [a]? 0 (c 1, CHC13); Found (CI) W + I-II+: 215.1283 (CllH1904 requires 215.1283); 

z)mm (neat)/cm-1 2400-3600 (OH stf), 2938 (CH str), 1703 (CC str), 1443 (CH def); & (250 MHx, CDC13) 

1.10-2.50 (13H. m). 3.90- 4.05 (4H. S, CH2Ox 2). 8.55 (lH, br s, COOH); 8~ (62.9 MHz+, CD@) 23.6,23.7, 

24.4.29.1932.3.34.5 (CHi). 49.6 (CH). 64.5.64.7 (U&O). 110.6 Q, 179.7 (CO); m/z (CI) 215 (IM + I-II+. 75 

%), 197 (22). 171 (28). 155 (23). 99 (100). 

Emyn& Hydivlysk of (&)-3,3-Mstltybtlrpl-ldiww niMb 5. 

(f)3,fMethylethyl-1-allene nitrlle (1.00 g, 9.33 mmol) yielded after purification by mixed solvent 

mcrystallisation (ethyl acetate- peUoleum) (#-3.3~methyletbyl-1-allene amide (90 mg, 16 %) as a white solid. 

Rf 0.38 (ethyl acetate); m.p. 104-105 Oc Pit.21 102 ocl; [a]g 0 (c 1, CHC13); Found: C, 67.22; H, 8.98; N, 

11.00 (C7HlINO requires C, 67.17; H. 8.86; N, 11.19); Found (CI) [M + III+: 126.0919 (C7H12NO requires 

126.0919); vmax (CHCl3)/cm-13532.3417 (NH str), 1957 (CC str, allene). 1660,1552 (Amide1 end II); & (250 

MHz, QDCl3) 1.03 (3H. t, J 7.5, M&Hi), 1.79 (3H. d, J 3.0. Me), 2.06 (2H, dq, J 3.0, J 7.5, CH2). 5.42- 5.50 

(lH, m, CH), 5.92 (2H, br s, NH x 2); &J (62.9 MHz, CDC13) 11.9 (M&HZ). 18.0 (Me), 26.6 (CH2). 90.6 

(CH). 107.6 (C), 168.8 (CO), 205.8 (=C=); m/z (CI) 126 ([M + H]+, 100 %), 110 (8). 

Enzymik Hyhlysis of(i) 2-Phenylptvpionitdk 4a.z 
(R)_(-)-2-Phenyrpropykrmiac 6b 12 II. (29 %) [a]g -55 (c 1.1, CHCl3), e.e. 78 96 l!Mb (20 46) [a]‘,3 -54 (c 

1. CHC13); e.e. 78 % (optical rotation) . FQ 0.28 (ethyl acetate: petroleum [ 1: 11); m.p. 98-99 Oc i1it.23 9797.51; 

Found (RI) [M + I-II+: 150.0919 (CgHl2NO requires 150.0919); ; II m8x (CHC13)/cmV1 3414, 3528 (NH str), 

2998 (CH str, abphatic). 1682,1588 (Amide I and II), 1493 (CC str. aromatic), 1452.1379 (CH def, aliphatic), 

692 (CH def, aromatic); SH (250 MI-Ix, CDCl3) 1.51 (3H. d, I8.0, Me), 3.59 (lH, q, J 8.0. CH), 5.58,6.23 (lH, 

br s. NH). 7.18- 7.37 (5H. m, Ph); 6~ (62.9 MHz. CDCl3) 18.3 (Me), 46.6 (CH), 127.3, 127.6, 128.9 (Q-I, Ph). 

141.4 G Ph). 177.7 (CO); m/z (RI) 150 ([M + HI+. 18 96). 105 ([M - CONH2]+. 100). 91 (47). 77 ([GjH5]+, 

30). 

(Go)-2-pheny@opanoic ucidk l2h (41 %) [a]g +43 (c 1.98, CHC13). e.e. 65 % l!Ub (45 46) [a]g +32 

(C 1.14, CHC13) (lit.,12 [cz]~ +75 (c 1.65, CHC13). (S)-(+)-2phenylpropanoic acid); e.e. 45 % (chiral shift tH 

NMR spectroscopy on the corresponding methyl ester) . Rf 0.65 (ethyl acetate: petroleum [ 1: 11); Found (RI) 
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M+: 150.0681 (cSHtoo2 requires 150.0681); ; umax (neatWrl 2800- 3400 (OH str), 1707 (CO str), 1603, 

1492 (CC str, aromatic). 1414.1378 (CH def, aliphatic). 727,698 (CH def, aromatic); &.t (250 MHz, CWl3) 

1.57 OH, 4 37.8, Me),3.82 (lH, q.J7.8.CH) 7.22-7.43 (5H,m, Ph), 11.10 (lH,trs, COOH); k (629MHz, 

CDc13) 18.1 (Me), 45.5 (CH), 127.4.127.7, 128.7 a, Ph), 139.8 (z: ph), 180.9 (CO): m/z @I) 150 (M+, 13 

%), 105 ([M - co2Hl+. loo), 91(10), 77 ([C&If 10). 

Chemical &irolyjrsis of (R)+)-2-Ph@jnvpykw&e 6b. 

(R)-(-)-2-Phenylpropylamide (40 mg, 0.268 mmol, [c@ -55 [c 1.1, CHCl31) was refluxed for 22 h in the acid 

solution. ‘Ihis yielded (R>(-)-2-phenylpmpaaoic acid as a pale oraoge oil (40 mg, 0.266 mmol, 99 %). 

Rf 0.64 (ethyl acetate); [a]; -46 (c 0.8, CHCl3) (lit.,12 [a]: +75 (c 1.65, CHCl3), Q-(+)_2-phenylpropanoic 

acid); e.e. 78 % (chiral shift lH NMR on the cornspwding methyl ester). 

Wt-WPkWb~W 76 71h (31%) as a white solid. [a]? - 69 (c 1, CHU3); e.e. 90 96 (chiral shift 1H 

NMR spectroscopy) Rf0.39 (ethyl acetate: petroleum [l:l]); mp. 76-77 Oc [lit% 80.181.51; Found: C, 73.42; 

H, 8.23; N, 8.53 (CIOHI~NO nquins C. 73.59; H, 8.03; N, 8.58); Found (CI) [M + ml+: 181.1341 

(CioHi7N2Onquires 181.1341); umax (CHC13)/cnr1 3527,341l (NH se), 3190 (CH sa, aromatic), 2%9 (CH 

SK alWatic), 1672,1583 (Amide I and II), 1491 (CC str, aromatic), 1417.1380 (CH def, aliphatic); SH (100 

MHz, CDc13) 0.89 (3H, t, J 6.5, Me). 1.60-2.40 (2H, m, CHZ), 3.29 (lH, t, J 8.0, CH), 5.50 (2H, br S, NH x 2), 

7.25- 7.40 (5X-k m, ph); SC (25 MHz, CDCl3) 12.2 (Me), 26.1 (CHZ), 54.5 (CH), 127,2,127.9,128.7 Q-I, Ph), 

MO.0 KA ph), 176.3 (CO); m/z (CI) 18104 + WI+, 5 %), 164 ([M + HI+, 100). 

fS)_(+)-2-j?&ny&ufyrjc @id 7c71b (22 %) as acolourless oil. [a]f +76.8 (c 1, CHCl3)/ [a]g +104 (c 1.2, 

toluene) Qt.,12 [u]: +80 (c 0.9, toluene). (S)-(+)-2-phenylbutyric acid); e.e. z 98 % (Chii Shift 1H NMR 

spectxoscopy on the corresponding methyl ester); Rf 0.55 (ethyl acetate: petxoleum [ 1: 11); Found (CI) [M + 

ml+: 182.1181 (CtdQNO2 requi1esl82.1181); k (neat)/cm-t24W- 3600 (OH sa), 1707 (CO str), 1600, 

1492 (CC sa, -tic), 1412 (CH def, aliphatic).727,698 (CH def, aromatic); & (250 MHz, CD@) 0.99 (3H, 

t,Jg.O,Me). 1+73- 1.95,2.08-2.26(1H,m,CH-H),3.55 (lH,t, J8.0,CH),7.29-7.50(5H,m,Ph), 11.5O(lH,br 

s, COOH); & (62.9 MHz, CDC13) 12.1 (Me), 26.4 (CHZ). 53.5 (CJQ 127.5. 128.2, 128.7 a, Ph), 138.5 g:, 

RI), 180.6 (CO); m/z (CIJ 182 (CM + NHaj]+, 100 %), 164 @I+. 40), 119 @I - COOH)+, 78), 91(80). 

Enqmic Hy&olyk of (3)-2.Phenylbu~iamide 7b. 

(R)_(-)-~-P~I#W~&&~ 76 145 II. (20 96) [a]: -79.5 (c 1, CHC13), e.e. > 98 % 216b (33 9b) [a]: -75.5 

(c 0.8, CHC13); e.e. > 98 % (chiral shift tH NMR spxtmscopy). 

(S)_(+)-2-P~1#yZkfyric acid 7c. 145b (50 mg, 0.31 mmol, 25 96, [a]: +54.8 (c 1, CHCI3), e.e. 86 % 216a 

(22 46) [a]: t75.0 (c 1, toluene) (lit.,*2 [a]: +80 (c 0.9, toluene), (S)-(t)-2-phenylbutyric acid); e.e. 80 % 

(chid shift tH NMR spectroscopy on the corresponding methyl ester). 

Chemical Hydroljsis of (R)-(-)-2-Phenybit@amhh 7b. 
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(~~-~~~y~ (104 mg, 0.637 mmok [otg -69 (c 1, CHCl3), e.e. 90 %) was mfluxed for 7 b. in the 

acid solntiou. Purikttioa by c&mm chmmacography (&yl acetate: petmktm~ [I:23 as the ehmnt) affonied @). 

(-~~~yl~c acid (56 mg, 54 ‘16) as a a&wrlcm oil. 

Rf 0.50 (ethyl acetate: pctlwum I1:2]); ra12D’ -60.2 (c 1, CHC13) ([a]: +76.8 (c 1, cHcI3), (S&(+)-2- 

phenylbutytic acid 

(R).(+)-2-l4’-~~~n~ 88 l2.S. (40 46) [a]: +7.9 (c 0.98, C!HU33), e-e. !W % (optical 

rotation) 24h (25 %) [c&Y +13.1 (c 0.88, CHCW, e.e. *5 %. 

(R)_(-)-2(4’-~y~enyI)-pvoplhnrlds 8b l2.tfb (23 %) [cc]? -32.0 (c 0.52, CHC13), e.e. 44 % 24b (18 46) 

Ial: -49.7 (c 1.14, CHU3k C.C. >95 % (cbiraI shift lH NMR ispecm~y). & 0.12 (ethyl wesate: ~1~ 

[Ml); mp. 105-106 *C Pit.= 102-103); ; Found @I) M+: 163.0970 (C&il$?O re#rw 163.0997); b 

(~~jol~~-13361,3199 (NH s@), 1648 (CO SE); ~(100 MHz, CDC&) 1.50 (3H. d, J 8, Me), 2.32 (3H, S, &&- 

ph), 3.55 (IH, q, J 8, CH), 5.45 (2H, br s, NH x 2), 7.10- 7.20 (4H, m, Ph); & (25 MHz, CDCl3) 18.36 (Me), 

2tl.99 KI-kPh), 46.15 (0, 127.47, 129.51 a, Ph), 136.88, 138.35 (s;1 Ph), 177.31 (CO); m/z (EI) 163(M+, 

21961,149 (5), 119 (@A - -HI+, IOO), 105 (16). 91 ([MeC&&]+. Xl), 77 (lo), 65 (6}. 

(s)_(+)-zc(d*-~y~y~~~~~ acid8c 125b (32 %) [c@ d6.1 (c 1, CHC13), e.e. ~95 % 24b (41 

%) [@ +57.0 (C 1, cHCk@? e.e. >95 96 (chiral shift IN NMR spectroscopy on the corresponding methyl 

ester). Rf 0.55 (ethyl acetate: petrolenm [l:l]); mp. 48-49 Oc.; Found @I) M+: 164.0840 (C1@12@ re@ros 

-* 164.0837): Qnwt (nujol)/cm 2987 (OH str), 1705 (CO str), 1625.1513 (CC str, aromatic), 782,719 (CH def, 

arm=W; &I (100 MHZ, -3) 1.48 (3H. d, J 8, Me), 2.34 (3H, s, &&@h), 3.71 (IH, q, J 8, CH), 7.10- 7.28 

(4H, m, ph), 10.75 (IR br s, COON); k (25 MHz, CDCl3) 18.18 (Me), 21.05 @&Ph), 45.09 (U-Q, 127.58, 

129.45 t&X Ph), 137.00,137.12 (Q Ph), 180.88 (CO); n$z @I) 164 (M*, 24 %), 119 (m - COOm+, loo), 91 

(fMeCWd+, 36),77 (20), 65 (13), 51 (ls), 45 (18), 39 (lo). 

Ens@c Hydb&& of (~2~4r-~~y~~~-~~~ 8b. 

tR)~-~2~4*-~~y~ny~-F~~~ 8b 6h (75 %) [a]g -7.9 (c 1.06, CHCl3)). e.e. 18 46 (chiral shift lH 

NMR spectroscopy), ldfb. (62 46) Cal2 -28.1 (e 1, CfZCl$, e.e. 50 46. 

(S)-(+)3_(4’-~~y~~yl~p~~~ u&f 8c 6b (20 %) @# +66.0 (c 0.7, CHC!I3), e.e. 395 % (chiraI shift 

‘H NMR spectroscopy on the corresponding methyl ester), 14.5b (35 %) [a]~ +58.9 (c 1, CHC!l3), e.e. >95 96 

(chiral shift 1H NMR spectroscopy on the comsponding methyl ester). 

~~~~y~~~ of IR)_(~~2~4'-Mo~y~nyi~~~ 8b. 

(~)-(-)-2-(~-Me~ylphenyl)-phyla& (43 mg. 0.26 mmol, [cz]: -49.7 (c 1.14, CHCI3); e.e. >95 %) was 

mfhu~ed for 1 h. in the acid solutiou. This afforded (R)-(-)-2-(4’~motbylphenyl)-propanoic acid (41 mg. 0.25 

mmol. 95 %) as a white solid No purificatioa was nquimd. [ag -43.3 (c 0.84. CHCl3~ e.e. >95 46; (dtird 

shift IH NMR spectmmy on the co-g methyl ester). 
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(R)-(-)-2-(4’~metb 1 h I) y p eny propylamide (100 mg, 6.13 mrnol, [a]g -28.1 (c 1, CHCI3), e.e. 50 %) was 

dissolved in toluene (5 ml) and refluxed with Pfls (175 mg, 1.73 mmol) for 4 k The nsukiug solution was 

diluted with water (20 ml) and extracted with chloroform (3 x 50 ml). The organic fkactions were combined and 

washed with brine (30 ml), dried (MgSQ) and tk solvent removed by rotary evaporation to yield (R)-(+)-2-(4’- 
methyiphenyl)-propionitrile (84 mg, 0.58 mrnol, 95%). [a]; +7,4; e.e. 50 %; the physical and sp~troscopic 

proper& were identical to those of (k)-2-(4’~methylphenyl)-propioniuile. 

(R)-(-)-2~4’~isobufp~~~yZ~-ptopMoic acid9c 3Oh (12 96) [a]? -12.4 (c 0.82, CHC13), e.e. 33 96 (chiral 

shift lH NMR spdctroscopy on the corresponding methyl ester) 52 h (27 46) [a]:: -12.3 (c 1.76, CHCl3). e.e. 

32 % 72h (19 %) [a]$ -15.2 (c 1.1, EtOH)/ [a]: -14.7 (c 1.28, CHC13) (lit,,12 [a]f -50 (c 1, EtOH), c.e. 35 

96 , Rr: 0.39 (ethyl acetate: petroleum [ 1:4]); m.p. 54-56 Oc [lit 49 Oclz]; Found (RI) M+: 206.1307 (Ct$-Il& 

requires 206.1307); Quay (CHQ~)/C~~’ 2600-3400 (OH str), 1706 (CO se), 1509 (CC s&, aromatic), 1412, 

1381 (CH def, aliphatic); ti (250 MHz, CDQ3) 0.95 (6H, d, J 6.6, (EIpI)z-CH), 1.53 (3H, d, J 7, m- 

M(W, 1.88 (lH, septet, J 6.6, cII_o, 2.47 (W, d, J6.6, CHz), 3.74 (lH, q, J7 C&CO$I), 7.14-7.26 

(4II, m, Ph), 10.00 (lH, br s, COOH); SC (62.9 MHZ, CDCl3) 18.1 (Me), 22.3 (MG2-CH), 30.15 (CH), 45.10 

@ZIi-C02H), 45.15 (CH2), 127.30,129.4 CH, Pb), 137.0,140.8 a, Ph), 180.9 (Co2H); m/z @I) 206 (M+, 72 

%), 161 ([M - COOI-Ij+, MO), 119 (55), 107 (40), 91(92). 

Euzpaic Hyddjwis of ~;r=2~4’-Isob~~nyl)-p~~~ 96. 

(R)_(-)-2_(4’-~bu-~py~ 9b bh (55 %) [a]? -6,2 (c L93, CHC13); e,e. 10 % (chiral shift 1H 

NMR spectroscopy); l2h (42 96) Ia]? -7.8 (c 1.46, CHCl3), e.e. 22 %; 24 h (7 %) [a]; -9.1 (c 1.44, CHQ), 

e.e. 26 %. 

(,!I)-(+) 2~4’-isobu?-p~~~ acid9c 6h (29 4%) [a]? +17.8 (c 2.06, EtOH) (lit.,~* [a]? -50 (c 1, 

EtOH), (R)-(-)-2-(4’~isobutylphenyl)-propanoic acid); e.e. 32 % (chiral shift 1H NMR spectroscopy on the 
corresponding methyl ester); l2b (51 %) [a]: +10.3 (c 1.46, CHCl$, e.e. 19 96 24h (60 96) [a]: +2.5 (c 

1.63, CHCl3), e.e. 6 96 71h (79 %) [a]? 0 (~2.7, CHCl3), e.e. 0 Q. 

Ckmical Hydro&s& of (RM-)-2l(4’-I~~~~~Z~~~~ 9b. 

(R>-(-)_2-(4’Aobutylphenyl) propylamide (83 mg, 0.404 mmol, [a]f -7.8 (c 1.46, CHQ), e.e. 22 %), was 

refluxed for 15 h in the acid solution. This yielded (R)-(-)-2-(4’-Isobutylphenyl)-propanoic acid as a pale yellow 
cd (60 mg, 72 k). 

Rf 0.61 (ethyl acetate: ~x~zoleum [ 1:2]); Ia]: -10.3 (c 1.2, CHCl3) ([a]? - 12.4 (c 0.82, CHQ). 

Pnpandion of (~2~~~2l(4’-~ob~~nyl)-~p~~~ 

Sodium me&oxide (20 mg, 0.37 mmol) was added to a vigorously stirred solution of (~)-2-(4’-isobutylphenyl)- 

pmpionitrile (500 mg, 2.67 mmol) in l&dioxane (5 ml) and deuterium oxide (5 ml), at room temperature. After 

65 h, the mixture was extracted with chloroform (2 x 50 nil). The combined organic solutions were washed with 
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brine (1 x 10 ml), dried (MgSO4). fIltered and the solvent removed by rotary evaporation to afford a colourless 

liquid (380 mg, 2.0 mmol, 76 5b). 

&t (250 MHz, Q)Q3) 0.95 (6H. d. J 7, (C&)z-CH), 1.63 (3H. 8, Me-CD), 1.89 (lH, septet, J 7, CH-(CH3)2). 

2.50 (2H, d J 7, QIrph). 7.20 (4H. m. Ph); SC (62.9 MHx, CDCl3) 21.3 (Me-CD), 22.3 (Me x 2). 30.1 CH- 

(m3)2). 30.6 0. CD), 45.0 (CH2.L 121.8 (CN), 126.5, 129.1 Q-I. Ph), 134.4, 141.7 c, Ph). 

Enzymic Hyddysis of (*%2-osutsro-2~4’-~ob~~nyl)-propio 

(f>2-Deutero-2-(4’~isobutylphenyl)propionitrile (239 mg. 1.27 mmol) was incubated with SP 361 (2.5 g) in 

the phosphate buffer (250 ml, 5 mM substrate concentration) for 27 h. On work up (as Previously described), 

the substrate (81 mg, 0.43 mmol. 34 %. [a]24 D -1.9 [c 1.62, CHC13]) was recovered with no proton loss of 

deuterium as shown by tH NMR spectroscopy. The corresponding carboxylic acid was also isolated (50 mg, 

0.24 mmol, 19 %) and was again shown by tH NMR spectroscopy to have no loss of deuterium. 

rug -16.2 (c 1, CHC13); &J (60 MHz, CDC13) 1.00 (6H. d, J 7, (C&)&H), 1.70 (3H. s, &-CD), 1.95 2.25 

(lH, m, C&(CH3)2). 2.65 (2H, d, J 7. C&Ph), 7.40- 7.55 (5H, m, Ph). 

Preparadon of 3-O-Substituted GlutumninuCs. 

3-Hydmxyg~M 12& b.p. 123-138 Oc, 0.01 mmHg (lit, 16 155-160 Oc, 0.4 mmHg); Found (CI) m + 

NH4]+ : 128.0824 (C5Htt$‘T30 requires 128.0824); urnax (neat&m-l 3454 (OH str. broad), 2976,2938 (CH str), 

2258 (CN str), 1418,1365 (CH def); &-t (250 MHz. (CD3)gCO) 2.52- 2.60 (4H. m, CH2 x 2). 4.10- 4.21 (lH, 

m. CH), 4.68 (1H. br s. OH); SC (62.9 MHz. (CD3WO) 25.0 (CH2 x 2). 63.4 (CH), 116.8 (CN x 2); m/z (CI) 

128 (LM + NH4]+, 100 %), 101(15), 84 (2). 56 (3). 

Prcpmation of 3-O_(Benqyl)-gluhvn IOa 

A suspension of sodium hydride (80 46 in mineral oil) (1.30 g. 42.9 mmol) in DMF (20 ml) was slowly added to 

a stirmd solution of 3-hydroxyglutaronitrile (4.30 g, 39 mmol) in DMF (40 ml), under an inert atmosphere of 

nitrogen, at 0 Oc. After 5 mins. benxyl bromide (8.00 g. 5.56 ml, 47 mmol) was slowly added. The reaction was 

stirred for a further 30 mins at 0 Oc and then at room temperature for 18 h. The resulting brown mixture was 

pouted into a saturated aqueous ammonium chloride solution (600 ml) and extracted into ethyl acetate (4 x 200 

ml). The combined organic solutions were dried (MgSO4). filtered and the solvent removed by rotary 

evaporation to yield a brown liquid (15.46 g). Purification by column chromatography (ethyl acetate: petroleum 

[1:3] as the eluant) at&&d the required product as a pale brown oil (2.04 g. 10.2 mmok 26 %). 
Rp 0.55 (ethyl acetate: petroleum [1:3]); Found (RI) M+: 200.0950 (Ct2Ht2N20 requires 200.0950);.umax 

(neat)/cm-l3036 (CH str, aromatic), 2937 (CH str. aliphatic), 2254 (CN str), 1455,1495 (CC str, aromatic), 1418, 

1351 (CH def aliphatic). 1094 (CO str, ether), 600.743 (CH def, aromatic); &.I (250 MHZ, CDU3) 2.66 (4H, d J 
5.8, CH2 x 2). 3.97 (lH, qu, J 5.8, CH), 4.65 (2& s, Ph-C&j. 7.32- 7.39 (5H. m. Ph): SC (62.9 MHz, CDC13) 

22.9 (CH2 x 2). 70.2 (CH), 72.4 @‘h-C&), 116.2 (CN x 2). 128.1J28.5, 128.7 CH, Ph), 136.4 c Ph); m/z 

0 200 (hi+, 10 %)6), 107 (20). 91 (K&CH23+. 100), 79 (38). 65 (30). 54 (18). 
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Benzoyl chloride (1.41 g. 1.16 ml, 10 mmol) was slowly added to a stirred solution of f-hydroxyglutamni~ile 

(1.0 g, 9.1 mmol) in pyridine (20 ml), at room kmpemmmunderanbKztatmosphereofnitmgen. Atk2h,dle 

reaction was poured into a mixture of hydrochloric acid (150 ml, 2 M) and ice, with the product being extracted 

iat0 ethyl acetate (3 x 200 ml). The combined organic solutions were washed with hydrochloric acid (1 x 50 ml, 

2 M), water (1 x 50 ml), brine (1 x 50 ml) and dried (MgSO4). After filtration. the solvent was nxnoved by rotary 

evaporation to yield a red/ orange solid (2.05 g). Purification by column chromatography (ethyl acetate: 

petroleum [1:31 as the eluant) affo&d the pro&t as a pale yeUow solid (1.86 g, 8.70 mmok % %). 

Rf 0.10 (ethyl acetate: peaoleum [1:31); m.p. 82-83 cC; Found 0 M+: 214.0751 (C!t2Ht&02 requires 
214.0742); urnax (nujol)/cm-t 2256 (CN str), 1720 (C=O str), 713 (CH def, aromatic); &.I (250 MHa, CDQ) 

3.02 (4H.dJ6.0, CH2x 2). 5.49 (lH,qu,J6.0,CH), 7.45- 7.53 (2H, m, Ph),7.60- 7.68 (lH, m, Ph). 8.05- 8.13 

(2H. m Ph); k (62.9 MEi% CDCl3) 22.3 (CH2 x 2), 64.7 (0, 114.8 (CN x 2). 128.1 (I: Ph), 128.7, 130.0, 

134.2 (aH, Ph), 164.9 (CO); m/z (El) 214 @I+, 36 %), 122 (60), 105 ([C5H5CO]+. 100). 77 (28). 

Pmpadon of 3-O_(W&oxy&oxymdhyl)-glutawn~ 13a 

Sodium hydride (80 96 in mineral oil) (0.30 g, 10 mmol) was added to a stirred solution of 3. 

hydroxyglutaronit (1.0 g, 9.1 mmol) in THF (40 ml), at 0 Oc under an inert atmosphere of nitrogen. AtIer 5 

mins, MEM-U (1.37 g, 1.25 ml, 11 mmol) was added drop* and stirring was continued for a fmther 45 mins. 

The reaction was poured into water (150 ml) sod the product extracted into ether (3 x 150 ml). The combined 

organic solutions were dried (MgSQ), filtered and the solvent removed by rotary evaporation to yield an orange 

liquid (1.19 g). Purification by column chromatography (ethyl acetate: petroleum [l: l] as the &ant) followed by 

high vacuum drying (0.05 mmHg, room temperature), to remove the nsidual MEM-Cl, affonkd the mquired 

product as a pale yellow oil (0.75 g, 3.81 mmol, 42 %). 

Rr 0.20 (ethyl acetate: petroleum [l:ll); Found (CI) tM + NH#: 216.1348 (Q&I&@3 requires 216.1348); 

urnax (neat)/cd 2936 (CH str), 2254 (CN str), 1456,1419,1363 (CH def), 1044.1112 (C-O str); b (250 MHz, 

CDCl3) 2.74- 2.78 (4H, m, CH2 x 2), 3.31(3H, s, OMe), 3.52- 3.57 (2H. m, CH20), 3.73- 3.81 (2H, m, CH20), 

4.G 4.21 (1H. m, CH). 4.82 (2H, s. OCH20); 8~ (62.9 MHz, CDC13) 23.4 (CH2 x 2), 58.9 (OMe), 67.8 

(OCHZ), 69.2 (CH), 71.5 (OCH$, 95.3 (OCH20), 116.0 (CN x 2); m/z (Cl) 216 ([M + ml+, 100 %), 199 

(FI + HI+, 8). 128 (5), 106 (5), 94 (15), 89 ([CH3OCH2CH2OCHz]+. 25), 58 (lo),45 (12). 

Acetic anhydride (3.06 g, 2.83 r+ 30 mmol) was slowly added to a stirred solution of 3-hydroxyglut 

(3.00 g, 27.3 mmol) in pyridine (50 ml), at 0 Oc under an inert atmosphere of nitrogen. After 5 mins, the reaction 

was allowed to warm to room temperature and stirred for a further 3 h. The mixture was poured into 

hydrochloric acid (300 ml, 2 M) and extractedinto ethyl acetate (3 x 300 ml). The combiied organic solutions 

were washed with brine (1 x 100 ml). dried (MgSO4). filtered and the solvent removed by row evaporation tc 

afford a red/ orange solid (3.74 g). Purification by c&unn chromatography (ethyl acetate: petroleum [ 1: 11 as the 

eluant) yielded the product as a pale yellow solid (3.55 g, 23.4 mm& 86 96). 

Rf 0.55 (ethyl acetate: petroleum [l : l]), m-p. 42-43 Oc [lit.% 451; Found (El) [M + I1]? 153.0664 (C7H9Nfi 

t~~uires 153.0664); umu (nujol)/cm-t 2257 (CN str), 1751 (CO str); SH (250 MHz, CDC13) 2.12 (3H, s, Me), 
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2.81(4H, d, J 6.0, cH2 x 2), 5.20 (lH, qu, J 6.0. CH); SC (629 MHZ, CM313) 20.5 (Me), 22.2 (cx2 x 2). 64.1 

(CH), 115.1 (CN x 2). 169.4 (CC); m/z (ED 195 (30). 170 (lo), 153 ([M + HI+, 25 46). 135 (IO), 107 (lo), g3 

([M - CH3cO]+, 45). 66 (11). 61(15), 43 (100). 

Pmptuotion of 3-O-&rt-B@Wmdylsd&&g~ 15a 

Imidaxok (1.24 g, 18.2 mmol) and Wt. butyldimethylsilyl chhnide (274 g, 18.2 mmol) wem added to a stirmd 

solution of 3-hydroxyglutaronitrile (1.0 g, 9.1 mmol) in DMF (25 ml), at room temperature. After24h,the 

reaction mixtum was pouted into a solution of saturated aqueous ammonium chloride (300 ml) and extracted into 

ether (4 x 100 ml). The combined organic solutions were washed with saturated aqueous ammonium chloride (1 

x 50 ml), brine (1 x 50 ml) and then dried (MgSO4). After fitration, the solvent was removed by rotary 

evaporation to yield an orange oil (2.91 g). purification by column chromatography (ethyl acetate: petroleum 

[1:6] as the ehtant) afforded the required product as an off white solid (1.65 g, 7.40 mmol, 81 96). 

Rf 0.34 (ethyl acetate: petroleum [1:5]); m.p. 33-34 eC, Found (CD W + NH4]+: 242.1689 (CltH24N3OSi 
requires 242.1688); u,, (nujol)/cm-12253 (CN str); &J (250 MHz. CDC13) 0.15 (6H, s, Si-Me2), 0.91 (9H. s. 

Si-C-(Me)g), 2.63 (4H, d, J 5.0, CH2 x 2). 4.25 (1H. qu, J 5.0, CH); k (62.9 MHz. CLXl3) - 4.8 (Si-Mez), 17.8 

@i-C). 25.5 (Si-C-(&l&). 25.9 (CH2 x 2). 64.8 (CH). 116.0 (CN x 2); m/z (CI) 242 ([M + NH4]+, 100 %), 167 

(5), 132 (2). 91 (15). 74 (10). 

Erypnrie Hydrorsis of 3-Hy&oyglJaronibile 12a 

3-Hydroxyglutaroniuile (3.60 g, 32.7 mmol) was dissolved in the buffer solution (330 ml), to afford a substrate 

concentration of 99 mM, and incubated for 65 h. The work up tequired the continuous extraction of the acidified 

aqueous solution using ether (350 ml, 48 h). Purification by column chromatography (ethyl acetate: petroleum 

[ 1: l] as the eluant) afforded Q-3-hydroxy4cysnobutanoic acid 12q2.18 g. 16.9 mmol. 52 %) as a colourless 

Oil. 

Rf 0.44 (ethyl acetate + 2 8 acetic acid); [a]: 0 (c 1, EtOH); Found (ED [M + HI+: 130.0504 (CgHgN03 

requires 130.0504); z)max (neat)/cm-l 3441 (OH str, alcohol), 3200- 2500 (OH str, acid), 2256 (CN str), 1715 

(CC str), 141691369 (CH def); &I (250 MHZ (CD&Cc)) 260- 2.76 (4H. m, CH2 x 2). 4.29- 4.39 (lH, m, CH). 

6.95 (1H br s, OH); k (62.9 MHz, (CD3))2CO) 25.7 (JzH2-CN), 41.2 (Q-lg-COOH). 64.9 (CH), 118.5 (CN), 

172.7 (CC); m/z (RD 130 ([M + HI+, 2 %), 112 (F! - OHI+, 15). 107 (30). 91(60), 71(79), 60 (30), 43 (100). 

Treatment of the product with diazomethane yielded the corresponding methyl ester, (A)-methyl-(3-hy&xy-4- 

cysno)-butanoate l2.e. in quantitative yield No purification of the colourless oil was required_ 

Rf0.29 (ethyl acetate: petroleum [l:l]); [a]g 0 (c 1.04, EtOH); Found (El) [M + HI+: 144.0660 (QjHt0N03 

requires 1440660); ~~ (neat&m-1 3470 (OH str). 2962 (CH str). 2254 (CN str). 1728 (CO str). 1440 (CH 

def); &-I (250 MHz, CDC13) 2.56- 2.68 (4H, m. CH2 x 2). 3.62 (3H. s, OMe), 3.kO (1H. br s, OH), 4.20 4.31 

(lH, m. CH); 6c (62.9 MHz, CDC13) 25.1 cH2-CN), 40.1 (GH2-COOMe). 52.0 (OMe), 63.9 (CH). 117.4 

(CN), 171.6 (CO); m/z (ED 144 ([M + HI+, 64 96). 126 (@I - OHI+, 17), 112 ([M + H - OH - OMe]+, 58), 103 

(69). 94 (25). 74 (37). 71(88). 61 (40). 43 (100). 
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3~-~~l~~u~i~e (300 mg, 1.50 rnmol) was SW in the buffa solution (300 ml), to afford a 

substrate concentration of 5 mM, and incubated for 48 h. Purification by activated charcoal treatment yielded 

(s)_(+)-3-O-@nzyl)-Ccyanobutanoic acid lob (240 mg, 1.10 mmol, 73 %), as a white solid. 

RfO.58 (ethyl acetate); mp. 37-39 Oc; [a]: t9.6 (c 3.4, CHC13); Found (EL) M+: 219.0895 (Ct2Ht3N03 

requires 219.0895): Vmsx (nujol)/cm-t 3200s 2600 (OH str), 2254 (CN str), 1712 (CO str), 1495 (CC str, 

aromatic), 746,698 (CH def, ~~~); 8~ (250 MHz, CDCl3) 2.71- 2.82 (4H, m, CH2 x 2), 4.03- 4.18 (IH, m, 

CN), 4.63 (2I-I. s, Ph-Ckk$, 6.38 (lH, br s, COOHI, 7.25- 7.38 (SH, m, Ph); 8~ (62.9 MHz, CDCl3) 23.0 Q$.- 

CN), 38.7 W2-C00H). 71.1 (CH), 72.3 (Ph-a~)), 116.9 (CN), 127.9, 128.1,128.5 Q-I, Ph), 137.0 (CI Ph), 

174.2 (Co); m/z 0 219 @I+, 7 ‘%), 181(7), 107 (31),91 ([CsH$H2l+, lOO), 79 (20), 65 (17). 

Treatment of the product with ~~~~ yieided the c~~n~g methyl ester, (S)-(+)-methyl-(fU- 

~~11~~0~~~~~ 1% in ~~d~vt yield. No afire of the colourkss oil was required. 

Rf0.75 (ethyl acetatek [c$ +9.1 (c 1.1, CHC13) (iit.? [o$t +12,0 (CHCl3), (S)-(+)-methyl-(3-0-[benzyl]4 

cyano)-butsnoate); e.e. 84 96 (chiral HPLC Rt (R) 18.9 min, Rt ($I 25.9 mm); Found @I) [M + HI+: 234.1130 

(C!t#t@Q requires 234.1130); umax (neat)/cm-* 3034 (CH str, aromatic), 2957 (CH str, aliphatic). 2252 (CN 

str), 1735 (CC strf, 1603,1494 (CC str, aromak}, 1437,1352 (CH def, ahphatic), 739,699 (CH def, aromatic); 

6H (250 MHz, CDCl3) 3.20- 3.45 f4H, m, CH2 x 2),3.69 (3H, s, OMe), 4.08- 4,18 (1X m, CH), 4.62 (2H, s, 

Ph-CIk$, 7.26 7.34 (SH, m, Ph); 8~ (62.9 MHz, CDC13) 23.0 aH2-CN), 38.7 (QI@XOMe), 51.9 (OMe), 

71.2 (CH), 72.3 (Ph-GHZ), 116.9 (CN), 127.8, 128.1, 128.5 @, l’h), 137.1 c, Ph), 170.5 (CO); m/z (El) 234 

@i + HI+, 26 %), 181 (11). 107 (62). 91 ([QH5CH2]+, 100). 

Enqmk Ebb of 3~~A~~~n~ 14a. 

3-0-Wet@)-gluuuonit (400 mg, 2.63 mmol) was suspended in the buffer solntion (150 ml), to afford a 

substrate concentration of 17.5 mM, and incubated for 65 h. Purification by column chromatography (ethyl 

acetate: petrolturn [l:l] as the eluant) afforded (f)-3-O-(acetyl)4cyanobutanoic acid 14b (199 mg, 1.20 mmol. 

45 %) as a white solid. 

Rf 0.57 [ethyl acttate); m.p. 62-64 OC; [a]: 0 (c 1.85, CHCI3); Found (CL) [M t NHs]+: 189.0875 

K?H13N204 requires 189.0875): umm (nujol)/cm*t 3400- 2500 (OH str), 2254 (CN), 1736 (CO str); 8~ (250 

MHz, CDC13) 2.09 (3H, s, B-CO), 2.75- 2.92 (4H, m, CH2 x 2), X26- 5.36 (lH, m, CH), 10.02 (Hi, br s. 

CCKR-H; k (62.9 MHz, CDCl3) 20.7 @@Co), 22.5 cH$N), 37.1 ($X2-COOH). 65.0 (CH), 115.7 (CN), 

170.0 (Me-GO), 174.4 (COOHI; m/z (CL) 189 ([M t NH4]+, 100 %), 140 (4). 129 ([M + H - CH3CO]+, 3), 85 

@I, 79 (2). 70 (2), 61 It), 43 WH3CD]+, 1). 

Treatment of the product 14c with diazomethaue yielded the corresponding methyl ester, (f)-methyl-(3-G 

[acetyl]~yano)-butanoate in quantitative yield. No puritication of the colourless oil was required 

Rf0.76 (ethyl acetate); e.e. 0 % (chiral shift LH NMR spectroscopy): 8r.t (250 MHz, CDCl3) 2.05 (3H, s, a- 

CO), 2.75- 295 (4H, m, CH2 x 2), 3.76 (3H, s, COOMe), 5.26 5.37 (1H m, CH). 
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3-0-(rerr. Butyldimetbylsilyl)-glutatonitrile (300 mg. 1.34 mmol) was suspended in the buffer solution (350 ml). 

to afford a substrate concentration of 3.8 mM, and incubated for 835.5 h. Upon work up, only substrate was 

isolated (210 mg, 0.94 mmol, 70 %). 

Enqmie Hjdro~sis of 3-o-(Benwyl)-g~~ 16a 

3-0-(Benzoyl)-glutaronitrile (320 mg, 1.50 mmol) was suspended in the buffer solution (300 ml), to afford a 

substrate concentration of 5 mM, and incubated for 48 h. Purification by column chromatography (ethyl acetate: 

petroleum [l:ll as the eluant) afforded (a-(+)-3-0-(benxoyl)4cyanobutanoic acid Ilb (90 mg, 0.39 mmol, 25 

%) as a white solid Benzoic acid (110 mg. 0.90 mmol, 60 %) was also isolated. 

Rf 0.32 (ethyl acetate: petroleum [ l:l]); mp. 93-94 Oc; [a]$ +32.4 (c 1.08. CHC13); Found (RI) M+: 233.0690 

(C12HtlN04 requires 233.0688); umax (nujol)/cm-l 3400- 2800 (OH str), 2246 (CN str), 1718 (CO str), 712 

(CH def, aromatic); 8~ (250 MHz, CDCl3) 2.85- 3.11 (4H. m, CH2 x 2). 5.53- 5.66 (lH, m, CH). 7.39- 7.55 

(2H. m, Ph-H x 2). 7.59- 7.67 (lH, m, Ph-fI), 8.01- 8.10 (2H. m, Ph-H x 2). 8.91 (lH, br s, OH); 8~ (62.9 

MHz. CDCl3) 22.7 &Hz-CN), 37.2 KHz-COOH), 65.5 (CH), 115.7 (CN), 128.6 CH, Ph). 128.9 c, Ph), 

129.9.133.8 (CH, Ph), 165.4 @‘h-CO). 174.4 (COW): m/z (RI) 233 (M+. 2 96). 122 ([CjH$XOHJ+, 43). 105 

(]C&CCl+. 100). 77 ([C&]+, 57). 51 (34). 41 (16). 

Treatment of the product with diazomethane yielded the corresponding methyl ester, Q-(+)-methyl-(3-0- 

lbenxoyll-4-cyano)butanoate UC, in quantitative yield No purification of the colourless oil was required. 

Rf 0.80 (ethyl acetate: petroleum [l:l]); [a]g +35.6 (c 0.95, CHCl3) (ht.,ra [a]g +46.6 (CHC13). Q-(+)- 

methyl-(3-0-[benzoyll4cyano)-butanoate); e.e. 84 % (chiral shift 1H NMR spectroscopy): Found (Cl) [M + 

NH4]+: 265.1190 (Ct3Ht7N204 requires 265.1188); II max (neat&m-l 3080 (CH se, aromatic), 2960 (CH str, 

aliphatic). 2255 (CN str). 1723 (CO str), 1602 (CC str, aromatic), 1440,1385 (CH def, aliphatic), 713 (CH def, 

ar~mtic); 8H (250 MHz, CDC13) 2.88 3.05 (4H, m, CH2 x 2), 3.71 (3H, s. OMe), 5.50- 5.60 (1H. m, CH), 

7.42- 7.53 (2H, m, Ph-Hx 2). 7.55- 7.66 (1H. m, Ph-a, 8.00- 8.10 (2H. m, Ph-H); gc (62.9 MHz, CDC13) 22.7 

EH2-00, 37.3 KZHz-COOMe). 52.1 (OMe), 65.8 (CH), 115.8 (CN), 128.5 CH. Ph). 129.0 (G Ph), 129.8 

(.CH, Ph), 133.6 KH, Ph), 165.2 @‘h-CO), 169.5 EOMe): m/z (CD 265 ([M + NI-h]+, 72 %), 248 (&I + HI+, 

24). 202 (5), 185 (3). 140 (2) 122 (17), 105 ([CjHgCO]+. RIO), 94 (3). 78 ([C&j]+. 4). 

Eruymie Hy&olJWis of 3-o+WhoQetho~meth&&taIV~ 13a 

3-0-(Methoxyethoxymethyl)~glutaronitrile (300 mg. 1.52 mmol) was suspended in the buffer solution (300 ml), 

to tiord a substrate concentration of 5 mM, and incubated for 115.5 h. Purification by column chromatography 

(ethyl acetate as the eluant) afforded Q-(-)-3-0-(methoxyethoxymethyl)4cyanobutanoic acid 13b (64 mg, 

0.29 mmol, 19 %) as a colourless oil. 

Rf 0.48 (ethyl acetate + 2 % acetic acid): [a]: -2.8 (c 1.21. CHC13); Found (CD [M + NH& 235.1294 

(C+IH~~N~O~ RX@S 235.1294); umax (neat)/cm-f 3500- 2900 (OH str), 2936 (CH str), 2254 (CN str), 1720 

(CO str). 1413, 1365 (CH def); 8~ (250 MHz, CDC13) 2.60- 2.89 (4H, m, CH2 x 2). 3.37 (3H, s, OMe), 3.50- 

3.60 (2H. m, C&-OMe). 3.65- 3.72 (IH. m, OCH-m, 3.78- 3.84 (lH, m, OCH-H), 4.20- 4.30 (lH, m, CH). 
4.78- 4.85 (2H, m, 0-CH2-0). 9.10 (IH, br s, COOH); 8~ (62.9 MHz, CDC13) 23.7 cH2-CN), 38.8 GH2- 

COOH), 58.8 (OMe), 67.5 (0CH2). 70.1 Q-I), 71.5 (O-CHi). 95.4 (O-CH2-0). 116.6 (CN), 174.5 (CO); m/z 
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(a 235 @f + ml+. 8 %I- 218 GM + HI+, 81,159 (3). 142 (2). 106 (5). 89 ([CH3OCH2CH2OCHd+, loo), 

73 (lJ), 59 ([CH3OCH2CH~+, 44). 45 (38). 

Treatment of the product with diaromcthane yielded the corresponding methyl ester, Q-(-)-methyl-(3-G 

[~o~~e~xymethyll_4_cyano)-butanoa~ 13c, in quantitative yield No purification of the colourless oil wss 
required. 

W.59 (ethyl acetate + 2 % acetic acid); [rzg -6.1 (c 1.76, CHC13); Found (CI) [M + NH4]+: 249.1450 

C1oH21N205 q&s ~9.1450); umax beat&m-’ 2935 (CH SW), 2253 (CN str), 1738 (CC str), 1440,1376 

(CH dcf); 8~ (250 MHZ, cDC13) 255- 2.90 (4H, m, CHg x 2), 3.32 (3H, s, CH+b&), 3.45- 3.55 (2H. m, 

C&-OMe), 3.61- 3.68 (4H, m, COO& + OCH-IQ. 3.72- 3.80 (IH, m, OCH-H). 4.17- 4.27 (lH, m, CH). 

4.70- 4.80 (2% m O-cHz-0); 8~ (62.9 MHs ClXl3) 23.6 cH2-CN), 38.8 cH2-COOMe). 51.8 (COO&), 

58.9 (CH~O-MS), 67.5 (OCHz), 70.2 (U-Q, 71.6 (OCH2). 95.4 (O-CH2-0), 116.9 (CN), 170.4 (CC); m/z (CI) 

249 (m + ml+, 108 a), 232 ([M + H]+. 26), 156 ([M - CH3of&CH20]+, 99). 126 (m - 

~3~2CH2~20]+, 5), 106 (17). 94 (2% 89 ([~3~2CHzocHz]t, 8). 82 (a), 73 (9). 58 (22). 44 

(16). 

Prepadon of (S)~~)-Me~yi~3-O-[~~yl]-4-cyano)-bu~~~ Ilc. 

Benzoyl chloride (0.089 ml, 0.77 mmol) was slowly added to a stirred solution of (S)-methyl-(3-hydroxy-4- 

cyano>butanoate l2c 100 mg, 0.70 mmol) in pyridine (5 ml), at room temperature. After 16 h. the reaction was 

poured into a mixture of hydrochloric acid (50 ml, 2 M) and ice, the product beiig extracted into ethyl acetate (3 

x 50 ml). The combined organic solutions were washed with hydrochloric acid (1 x 20 ml), water (1 x 20 ml), 

brine (1 x 20 ml) and dried (MgSOq). Removal of the dryhtg agent by filtration, followed by removal of the 

solvent by rotary evaporation afforded an orange oil (250 mg). Purikation by column chromatography (ethyl 

acetate: petroleum [1:3] as the eluant) yielded the required product as a colourless oil (148 mg, 0.66 mmol, 86 

%). 
Rf0.54 (ethyl acetate: petroleum [l:l]); [a]; t9.0 (c 1. CHC13) (lit.,*8 [c&f t46.6 (CHC13), (S)-(t)-methyl- 

(3-0-lbcnxoyl]-4cyano)butsnoate); e.e. 22 % (chiral shift 1H NMR spectroscopy). 

Pmpamtion of (S)~-)-Methyr-(3_O-~~~l]~-b~~o~-b~~ 17.17 

Benxyl-2,2,2-tricNoroacethnidate (1.41 g, 1.04 ml, 5.58 mmol) was slowly added to a stirred solution of(S)-(-)- 

methyl-(3-hydroxy-4-bromo)-butanoate 16 (1.00 g, 5.08 mmol) in dicNoromethsne (15 ml) and cyclohexane 

(15 ml), at room tempemture under an inert atmosphere of argon. Trifluoromethane sulfonic acid (0.05 ml, 0.57 

mmol) was added and the reaction was left to stir for 6 h. The msulthtg pmcipitate was mmoved by tiltration with 

the fiitrate beiig washed with saturated sodium bicarbonate solution (2 x 20 ml) and water (1 x 20 ml). The 

organic layer was dried (MgSO4), filtered and the solvent removed by rotary evaporation to afford an off white 

solid (1.98 g). Purification by column chromatography (ethyl acetate: petroleum [ 1:8] as the eluant) yielded the 

tequimd product as a colourless oil (780 mg, 2.72 mmol, 54 96). 
Rt 0.32 (ethyl acetate: petroleum [1:8]); [IX]: -12.6 (c 1. CHC13); Found (CI) [M t NH4]+: 304.0568 

(CrzH#‘BrN@ requires 304.0548); umu (neat)/cm-13032 (CH str, sromatic). 2953 (CH str, aliphatic), 1733 

(CO str), 1506 (CC str, aliphatic), 1440 (CH def, aliphatic), 743 (CH def, sromatic); 8~ (250 MHz, CDCl3) 2.60- 

2.81 (2H, m, C&-COOMe), 3.47- 3.55 @-I, m, a-Br), 3.68 (3H, s, OMe), 4.06 4.17 (lH, m, CH), 4.64 (2H, 
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q. J 11, m-C&$, 7.26- 7.38 (5H, m, Ph); &J (62.9 MHz, CDC13) 34.0 (CHz-Br), 38.5 CHZ-COOMe), 51.8 

@Me), 72.3 @‘h-z), 75.0 (CH), 127.8,128.0,128.2 a. Ph), 137.8 c Ph), 171.3 (CO); m/z (CI-) 306 ([M 

+ m41+, 67 %I, 304 (IM + ml+, 68), 287 ([M + H]+, 33), 289 ([M + HI+. 32). 108 (lOO), 91 

(EC6H5CH21+, 44). 

Pqnmfion of (R)_l-~~~~y~3l-b~ I&. 

Sodium cyanide (150 mg, 3.06 mmol) was added to a stirred solution of (s)-(-)-mthyl-(3-o-[~1~4~~)- 

butauoate 17c (780 mg, 2.72 mmo1) in DMSO (20 ml), at room v under an inert atmosphere of argon, 

Afttr4h,watM(75ml)wasaddcdandthcmixturewase~withether(3x50ml). Thecombinedorganic 

solutions were washed with water (1 x 30 ml), hydrochloric acid (1 x 30 ml, 1 M) and brine (1 x 30 ml). After 

drying (MgSQ) and filtration, the solvent was removed by rotary evaporation to yiek! a colourless oil (536 mg). 

purification by columnchfomatogr+y (ethyl acetate: pdrokum 11~31 as the &ant) yielded tht required pmduct 

as a colourless oil (328 mg, 1.41 mmol, 52 %). 

Rf 0.20 (ethyl acetate: petroleum [1:3]); [ulg -11.3 (c 1.1, CKl3) (lit.,18 [u]: +12.0 (CHCl3), (s)-(+)-mthyL 

(3-@&mzyl]4cyano)-butanoatc). 

Lh~mtMiun of (S)~-~~~~hy~~3lo-~~~~~~~~y~4~~~b~~ 13c.zg 

Dimethyl boron bromide (0.49 ml. 1.34 mmol) was slowly added to a solution of (s)-(-)-methyl-(3-O- 

[methoxyethoxymetbyl]4cyano)-butanoate B (154 mg, 0.67 mmol) in dicbloromethane (8 ml), at -50 Oc under 

aninertatmosphereofargon. Thcmix~wasstirrtdfor3orrtinandthenallowedtowarmtoroom~~ 

overa3Ominperiod. THF(10ml)andsaturatedsodiumbicarboUe soIution wele ad&d with the mixture being 

diluted with ether (30 ml). The organic solution was washed with water (1 x 20 ml) and brine (1 x 20 ml), dried 

(MgSOd), filtered and the solvent removed by rotary evaporation to yield an orange-red liquid (70 mg). 

Purifkation by column chromatography (ethyl acetate as the eluant) afforded (S)-methyl-(3-hydroxy4cyano)- 

butanoate (44 mg, 0.31 mmol, 46 8). 

Preen of (S)-(+)-~ethyi~3-o-[~~y~4~y~)~ Ilc. 

F%pamd by the same method as above using (s)-methyl-(3-hydroxy-4-cyano)-bu~~~ (44 mg, 0.31 mmol), 

pyridine (3 ml) and benzoyl chloride (48 mg, 0.04 ml, 0.34 nunol). Purification afforded the required product 

(70 mg ,0.28 mmol, 92 %). 

Rf 0.57 (ethyl acetate: petroleum [l:lJ); [c# +X3 (c 1.4, CHCl3) (lit,,Ef [a]: +46.6 (C!HC!l3), (S)-(+)- 

methyl-(3-U-Cbenzoylj-4cyano)-bu~~~): e-e. 61 8 (cbiral shift *H NMR spectroscopy). 
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