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Abstract: A new synthesis of (-)-kainic acid is described based on a cobalt mediated cyclisation reaction of an 

appropriately moditicd serinc precursor. 

The kainoids. .I class of naturally occurring non-protemogenic amino acids. are of considerable interest 

since they have been found to exhibit powerful biological, principally neuroexcitatory activity 1. The biological 

activity of these compounds. which possess a common pyrrolidine dicarboxylic acid nucleus (1) IS known to 

vary wrh the nature of the isopropenyl side chain, and with the stenochcnusny at the C-4 cenne. The 

simplest member of ~5s class of compounds. kainic acid (la). possesses an unsubstttuted isopropcnyl side 

cham (Scheme 1). One of the most potent kainoids, domoic acid (I b). which has a dicnoic side chain. has 

recently been responsible for fatal poisoning by the ingestion of contaminated shellfish2. The synthesis of 

these compounds presents a considerable challenge. and a short approach which allows the ready 

incorpondon of a variety of different side chains. has not yet been developed. 
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Amongst StvQal diffmnt approaches to the synthesis of the kainoids3. we nxcntly reported a synthesis 

which makes use of a cobalt-mediated radical cyclisation of an appropriate pnxurso8. The chemistry of the 

intennaiiate alkyl-cobalt (III) species has been thoroughly studicd5, and has been used in the synthesis of a 

numba of other natural prcxtuct4. We now report in detail an c&cicnt synthesis of (-)-a-kainic acid (la) 

starting from D-sake. which makes use of a cobalt-maiiatai ring closure in the key step. This approach has 

potential application to the synthesis of a range of substituted kainoids. 
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Initial snxiics to determine the feasibility of this approach involved the ring closure of an N-allylic DL- 

7265 

scrine derivative. and confii the work of earlier stud&. which used differently protaxed substrates. 

Compound (2). pnpared by reductive amination of suitably protcctcd DL-scrine as described later. was 

converted CD the bromocster (3) in 79% yield, by ueatnxnt with N-bromosuc&imidc&iphenylphosphine in 

tetrahydrofuran (Scheme 2). Reaction of broa~ocstzr (3) with cobaloxime (I) gave the products (4). (5) and 

(6) in the ratio 10: 1:5 in 72% overall yield. Radical ring closure of the fint formed alkylcobalt (III) species, 

followed by dehydrocobaltation, either away from the pyrrolidine ring, gave alkene (4). or towards the ring, 

gave exazyclic alkenc (5). Reducdon of the bromide (3). to give the alanine derivative (6) was also observed. 

The predominance of alkcne (4) over exccyclic alka~e (5) was expected from the work of Schmuzer7, which 

demonstrated that the dcalkyladon reaction of saxndary allrylcobalarnins strongly favoured the formation of 

the less substituted double bond. The pyrrolidine (4) was obtained as a mixture of epimen at C-4. 

comxponding to kainic and allo-kainic acid configumtions3. This model study indicated that cyclisadon of the 

inrtrmtdiatc radical to form the pyrmlidine ring was more facile than reduction, and that the required 

precursors could be readily pnemtcd from scrine. Variation in the nature of the N-allylic subsdtucnt could 

ultimately be used to syndAsc a range of kainoids. 

(i)- (‘HI 
c 

( i ) MeOH. HCI ; ( ii ) TBDMSCI, &N. CH$~J ; 

( iii ) M’MyCP-krtenai. C&& ; ( iv ) NaBH4 , O’C, 

EtOpC:(v)PhCCCCI.EtOAc,O°C- r.t.;(vi) 

DbaJ, -78’C, toluene : ( vi ) LiCH$Z&bu, -78’C, 

THF. 
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Me02C 

(7) 

The application of this type of cyclisation approach to the synthesis of the kainoids required an additional 

~WW&XII substituent on C-3, and this was incorporati using the following saategy. D-Serinc methyl ester 

hydrochloride (prepared from Dscrine with acidified methanol), after protection as the silyl ether, was seated 
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with 3-methyl-t-butcnal followed by sodium borohydride at O’C, to give the ester (7) as a col~eu oil in 

44% yield fkom II-scrinc (Scheme 3). This compound was N-protected by nzaction with phenylchloroformate 

and the estez function was then reduced with diisobutylaluminium hydride (-78’0. ‘I& resultant N-protected 

a-amino aldchyde, which was not isolated, was treated with tat-butyl-lit8 at -78’C for 0.25 h to 

give alcohol (8) in 47% yield fmm amine (7). This was predominantly one cpimcr at the hydroxy-bearing 

carbon (as indicated by carbon -13 amr. spectroscopy) and this could be the result of diastaeoselective anion 

addition. nedi- lcctive addition of carbanions to aIdehyde& prepmed by nduction of the 

comsponding optically pure a-amino acids_ has recently been shown to be a synthetically useful reafion9. 

However, longer reaction times for the rcducdon step gave Iowa isolated yields of the alcohol (8). along with 

the formation of phenol (as indicated by t1.c analysis). Attempted icdination of alcohol (8) by reaction with 

niflic anhydride followed by sodium iodide at -2o’C10, gave a separable mixture of the &kred iodide (9) 

along with oxazolidinone (10) as the major product (Schem 4). The formation of ~xazohdino~~~ (10) wan 

thought to arise via a cycl -don1 1 naction in which the intermediate (11) is formed by rriflace 

dispiaftmentl2 The stcrcochemisay of oxazolidinone (IO) could not be determined by n0.e studies which 

gave inconclusive resulLS. 
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(11) 

In an attempt to circumvent this difficulty of unwanted cyclisation. the alcohol (8) was treated with R- 

toluenesulphonic acid to remove the silyi ether, and the resulting alcohol was cyclised exclusively to the 

alternative oxazolidinone ( 12) using poussium carbonate in aqueous methanol (Scheme 5). The presence of 

the ten-butyl ester was thought to prevent the formation of any Iactone arising by attack of the primary alcohol. 

The white crystalline oxazolidinone (I’_) appeared to be a single diastereomer, on the basis of a sharp melting 

point (9496’C) and the carbon- I3 n.m.r. spectrum. Reaction of alcohol (12) with triflic anhydride followed 

by the addition of sodium iodide, gave the corresponding iodide (13) as a colourless solid (m.p. 33-3J’C). 

On treatment with cobaloxime (D anion. generated under the normal basic conditions, the icxiide (13) yielded a 

number of products. Column chromatography afforded three main fractions. The fmt fraction contained 

exocyclic alkene (11) in !5% yield. llus could arise vi3 base induced elimination of the stzing c&de (13) or 

ndid elimination of the :ntermediate cobalt (TIT) species. The second and major fraction conuuned the desired 

product ( 15) together with a, P_unsaturarcd ester ( 16) in 3 nno of 3.5: 1 in 5 I % yield. The formation of the 

a, P-unsaturated ester (16) 3ppears to be dependent on the stoichiometry of the hydroxide base used 10 

generate the cobalt anion, and could also occur by direct elimination of the iodide (I 3) or by elimination of the 

derived radical. The last fraction consisted of an inseparable mixture of compounds in 12% combined yic!d. 

lH n.m.r. analysis indicated the presence of reduced subsaate (17) and cxocyclic alkene (la). The exocyclic 

alkene (18) could arise by dehydrocobalution towards the teruary centre. As demonstrated by previous 

workl. the presence of the oxazolidinone ring in iodide (13) is expected to enhance the stereoconuol of the 

ring closure reaction, leading to a predominance of the desired kainic acid (rather than the alternative allo-hinic 

acid) configundon 31 C-4. 

Treamrcnt of the inseparable mixture of compounds (15) and (16) with aqueous base. to aifect 

oxazolidinonc ring opening. simultaneously removed the ten-bury1 ester: re-protection of the nitrogen 3s the 
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(16) i- (15) 

(i)TS~lM~H:(i)KzCO,,Md)H-~:(~i)(~~s~~,~~~,~~~ 
fhen Nai, DME: ( iv) Co’, Met3-1 
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tert-butyloxycarbonyl derivative, followed by n-estetif!cation @iazomt~ant) of rhe crude mixture affded, 

after cveful column chromatography, the pyrtolidines (19) and (20) in 45% and 11% yield ~+~tive.ly 

(15) + (16) 

1 (a).(b) 

% 

N-BOC 

%, 
“CO+& 

CO$4e 
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I (V)-(d) 

(la) 

( I ) NaOH, diiane, 70°C then (WY320 : ( ii ) Cl-&&, MeOH ; ( I ) KC DMF. 60°C : 
( iv ) CH$J2, MeOH ; ( v ) aq. KCH, MeOH,70°C : ( VI ) TFA .CH$& ; ( vii ) Ion Exchange 

SCHEME 6 

(Scheme 6). This nptesented a better (4S:4R) stereocontml of the radical ring closure from that teported 

earlier4 (i.e. 4:l compared to 1.7: 1). The &relationship of the C-3 and C-4 protons of pyrrolidine (19) was 

confirmed by n0.e experiments (Fig. 1 (a)) and by the fact that the two olefinic protons appeared as two 
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sin&a (6 4.89 and 4.653 in the *H n.mr. specuum Similarly the m-ntiotip of the cmmpding 

P=‘mM in the Cpima go) was indicaccd by he ~acce of any a0.e (Fig. l(b)) and by the CM rhat the 

olctinic pmons appeaxtd P( one singlet (b 4.86).13 Oxidsdon of pynolidinc (19) with 

FlO.r(r) 

FIG.l(b) 

pyridinium dichromate in ditnethylformami&. and subxgucnt aMfication with diaz~mcthanc, gave the 

known protected kainatc (21)14 in 61% yield. This compound exhibited similar proton and c~bon rt.a~. 

spectral data to nlatcd compounds repnud in the lim 3. Additional splitting of some carbon-13 n.aLr. 

si@.s. due to hindered mtadon of the rm-butyloxycarbonyl pmtccting group about the carbon-niaoga bond 

WY also observed. This kainatc was deprotectcd in a nwo-step proccs by rrtltmcnt with aqueous w. 

followed by excess uifluoroacctic acid. Purificatioo by ion-exchange chroaMtography affcndai (-)_a-hinic 

acid (la) as colouricss needles after cccrysrallisadon from aqueous methand This product pouesred ida~w 

~dagandopcicalnxacionvaluea,rhuofauthendcmucrirL 

lhis syntJ~si.s qrc.s~~ts a short and convenient di~tauncIaxivc me m (-)a-kink acid (la). d ifs 

rpplicadon to the synthesis of other &ids and their analogwr. is crprrntly in p?og~~~ 
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IMelting points were determined with a Bilchi 5 10 capillary apparatus and arc uncorrecud Optical rotations 

were measured on a Pcricin-Elmer 241 Polarimeter with a path-length of 10 cm: concentrations are given in 

g/lo0 cm3. Infrared specaa were recorded on either a Perkin-Elmer 781 spectrophotomcter or a P&in-Elmer 

1750 R n spectmmter only selected resonances are reported, and are reported as (s) strong, (m) medium, 

(w) weak or (br) broad. 1 H n.m.r. spccna were recorded at 200 MHz on a Varian Gemini 200 spectrometer, 

at 300 MHz on a Bruker WH 300 spccuotnettr and at 500 MHz o(1 a Bruker AM 500 spectrometer. Chemical 

shifts ate quoted on the scale using t&dual solvent as an internal standatd Multiplicities are reported as (br) 

broad (s) singlet, (d) doublet, (t) triplet. (q) quartet and (m) multiplet. 13C n.m.r. spectra were recorded at 

50 MHz on a Varian Gemini 200 spectrometer or at 125 MHz on a Bruker tLM 500 specaomctcr. for samples 

in D20. dioxan (6 67.2) was added u a reference. Mass specua were recorded on either a VG .Ll.icromass 

WB IF or a VG Mass lab 20-250 spectrometer using ammonia desorption chemical ionisation @Cl) or 

positive argon fast atom bombardment techniques. Gas chromatogmphy mass spectra were recorded on a VG 

Trie 1 specuometer. Microanalyses were performed by the microanalytical service of the Dyson Perrins 

Labontory. T.Lc. was performed on aluminium plates coated with Merck silica gel 6OF254. Compounds 

were visual&d with iodine. or a solution of dodeca-Molybdophosphoric acid in ethanol or ninhydrin in 

methanol. Flash column chromatography was carried out using Sorbsil C60 JO/60 flash silica gel. Ion 

exchange columns were packed with Aldrich 50 X. Z-100 resin in the H+ form. All solvents were distilled 

before use using standard literature procedures. I7 

Fthv[_(2RS)_3_b ~envloxycarbonvl1~3-methvl-2.butcnvll amino1 or- 7. 

A mixture of the silyl ether (2) (2.9 g. 6.6 mmol) and ptoluenesulphonic acid monohydrate (catalytic) in 

ethanol (90 ml) was stirred overnight at r.t. The solvent was then removed in vam, and the residue was 

partitioned benvecn ethyl acetate and satumted aqueous sodium bicarbonate solution. The organic extract was 

removed. washed with water, brine, dried (MgSO4) and evaporated under reduced pressure. 

Chromatography on silica (hexane-ethyl acetate, 1.5:1) afforded Ethyl-(Zw-3-hydmxy-2- 

[ (phcnyloxycarbonyl) (3-methyl-2-butenyl) amino] propionate (1.56 g, 73%) as a colour!ess liquid; Rf 0.29 

(hcxane-ethyl acetate, l.5:1); (Found: C. 63.64; H, 7.59: N. 4.41. C17H23Ni05 requires C. 63% H. 7.21; 

N. 4.36%); umax (thin film) 3600-3300 (br m). 3000-2840 (m). 1720 (s), 1590 (w). 1490 (w). 1450 (m), 
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1415 (m), 1370 (m). 1340 (m). 1250 (m). 1200 (s). 1160 (m). 1100 (w). 1070 (w), 1040 cw), go0 tw), 7~ 

(m) and 690 (m) cm-*; 6H (200 MHz CDC13) 7.42-7.06 (SH. m. aromatics), 5.35 (1~. br s, c&), 4.28_ 

3.81 (7fi m. = C-CH2-N, C&OH, CH3CH2 and N-(X),3.06 (1H. br s exch., CH2OH)). 1.79 (3H, s, 

m-C=). 1.72 (3H. s. CH3-C=) and 1.32 (3H. t. J 7.1 Ht. CLI3CH2): k (125 zu~r; aa3) 170.9, 

170.1 cc;o). 155.0. 154.0 co). 151.2. 150.9 c=). 137.2. 136.6 E=), 129.3. 125.4, 121.5, 121.3. 119.8. 

119.4 cCH=). 61.9, 61.7, 61.5, 61.0 (N-m and QI2-OH), 46.7, 46.3 (=C-QI2-N), 25.7 (C1im3). 

17.8 (fH3-C=) and 14.1 a3-C3: m/z (DCI, NH3) 322 (M + H+. 1%) and 228 (100). 

To a solution of the above alcohol (0.15 g, 1.6 mmol) in tcaahydrofuran (15 ml) was added 

aiphenylphosphine (0.55 g, 2.1 mmol) followed by N-bmmosuccinimide (0.38 g, 2.13 mmol) while stirring. 

After 0.75 h. the solvent was removed h D. Chrornatogmphy of the rtsiduc on silica (hexane-ethyl 

acetate, 4: 1) afforded the bromide (3) (0.49 g, 79%) as a pale yellow oil; Rf 0.45 (hexanc - ethyl acetate 4: 1); 

umax (thin film) 3080-2850 (m). 1725 (s). 1595 (w). 1495 (w). 1450 (m), 1415 (m), 1370 (w). 1300 (m). 

1255 (s). 1200 (s). 1160 (m). 1100 (w). 1070 (w). 1050 (w), 1025 (m), 960 (w), 920 (w) and 850 (w) cm-1; 

6H (200 MI-k CDCl3) 7.42-7.09 (SH, m. aromatics). 5.4-l-5.37 (IH. m, Cft=). 4.48-3.89 (7H. m, C&Br. 

= C-(X2-N. N-CH and CIQCH3). 1.79 (3H. s. CL&C=), 1.73 (3H. s, Q&C=) and 1.3 1 (3H. t. J 7.2 

Hz. CH3-CH2); m/z (GCMS) 403 (M 81 + INI-&+, 5%), 401 (M’9 + ;\cH4+. 5%). 385 (M8l + H+. 20) and 

386 (M79 + Hf. 2 1). 

To a solution of cobalt (II) chloride hexahydnte (0.22 g. 0.9 mmol) and dimcthylglyoxime (0.21 g. 1.8 

mmol) in methanol (9 ml) was added aqueous sodium hydroxide (10 ,M. 0.18 ml) and pyridine (0.07 ml) 

while stirring. After 0.4 h. aqueous sodium hydroxide (10 kl, 0.09 ml) and sodium borohydridc (68 mg, 1.8 

mmol) were added. After a further 0.1 hrs, the resulting cobaloxime (I) solution was mzatcd with bromide (3) 

(0.35 g. 0.9 mmol) in methanol (1 ml) while stirring. After stirring overnight the solvent was removed &l 

XUQ and the resultant daric brown residue was partitioned between ethyl acetate and water. The organic layer 

was separated, washed with water, dried (MgS04) and evaporated b 41il~up. Purification by column 

chromatography (hexanecthyl acetate. 5.7: 1) afforded pyrrolidine (4) (123 mg. 45%). alkene (6) (55 mg. 

20%) and an inseparable mixture of alkenc (6) and pyrmlidinc (5) (1:1.4.21 mg, 8%). 
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Pyrrolidine (4): Rf 0.18 (hexant-ethyl acetate. 5.7: 1): u map (thin film) 3070-2850 (w). 1730 (s). 1645 

(w), 1595 (w), 1495 (w). 1450 (w). 1390 (5). 1205 (s). 1165 (m). 1070 (w). 1025 (w) and 900 (w) cm-l; 

6H (200 A~G CDC13) (2 Pairs Of CnaIXiOmCB) 7.40-7.08 (10H. tn. aromatics), 4.87 artd 4.82 (4H. S. 

C=C&). 4.65-3.88 (8H. m. CH-C02Et, CX2CH3 and N-C&), 3.57-3.30 (2~. m, N-C&). 3.18-2.74 

(2H. m. fH-C=C), 2.68-2.45 (IH. m CIKH-N). 2.35-2.17 (2H. tn. CH-CH-N). 2.08-1.86 (1H. m. C& 

CH-N). 1.79 (6H. s. C&-C=) and 1.29 (6H, f J 7.1 Hr C&X2): & (50 MHz CDC13) 172.7. 172.4 

co). 153.2. 152.8. 151.3 X0). 143.4. 142.9 c=). 129.4. 125.5. 125.4. 121.7 (am. 111.6. 111.2 

(=mZ). 61.3 (C@L?2CH3). 59.6, 59.3 GZH-Co;?), 50.8, 50.6 (N-W2). 44.9, 44.0. 43.5, 42.5 (=C- 

m). 35.3. 34.9. 34.4. 33.9 ccH2-C-N). 21.0 a3-C=). 14.1 and 14.0 (CO2CH2Qi3); m/z (DCI. NH3) 

321 (M + N-H4+, 2%) and 304 (100). 

AUWK (6): Rf0.23 (hexa~~ethyl acetate. 5.7:l); hax (thin film) 3070-2850 (m). 1730 (s). 1635 (w). 

1595 (w). 1495 (w). 1450 (ml. 1410 (ml. 1380 (m). 1335 (w). 1300 (w), 1260 (m). 1205 (s). 1 I 10 (w), 

1070 (m). 1020 (m) and 855 (w) cm-l: 6H (200 IMHz: CDC13) 7.40-7.09 (SH. m. aromatics), 5.31 (1H. br 

s. CH=). 4.68-3.88 (5H. m. = C-CHZ-N. CHKH3 and N-CH). 1.75-1.67 (6H. m. C&,-C=), 1.60-1.54 

(3H. m. CHWH) and 1.29 (3H. t. J 7.1 Hr CH3CH2); m/t @CL NH3) 306 (M + H+. 100%). 

Fyrrolidine (5): The presence of this compound was indicated by the lH n.m.r. spectrum (6 1.68 and 

1.60, (Q@,)2-C=) and the mass spectrum [m/z (DCI. NH;) 304 (M + H+)]. 

To a solution of D-scrine (IO g, 95.2 mmol) in methanol (50 ml) was passed HCI gas until a satunted 

solution was obtained. The flask was then stored overnight at O’C, after which the solvent was removed b 

!GUQ, tifording white crystals of D-scrine methyl ester hydrochloride in quantitative yield. 

A mixture of D-seine methyl ester hydrochloride (7.00 g. 45.0 rnmol). uiethylamine (22 ml) and tert- 

butyldimethylchlorosilane (8.27 g, 54.8 mmol) in dichlommcthane (150 ml). with catalytic 4- 

dimcthylaminopyridine was stir& at r.t. for 4 h. A saturated solution of aqueous sodium bicarbonate (100 

ml) was then addui and the organic layer was separated, washed with water, brine, dried (MgSO4 ) and 

evaporated h s to afford crude silyl ether (9.26 g). 
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To a solution of the crude silyl ether (9.26 g) in benzene (20 ml) was added 3-methyl-2-butenal(2.20 g, 

26.1 mm01) dropwise while stirring at r.t After 0.5 h. ethyl acetate was added and the solution was dried 

mgSO4) and evaponted ~IUIKUQ~ The etude iminc was dissolved in methanol (100 ml) and sodium 

bornhydride (1.5 g, 39.7 mm01) was added portionwise at O’C. After 0.2 h. the ice-bath was removed and 

stirring was continued for a further 0.3 h. Water and ethyl acetate was then added. The organic layer was 

=moved washed with wattr. brine, dried (MgS04) and evaporated in ya~~~p. Chromatography of the residue 

on silica Olexane - ethyl acetate, 4: 1) afforded amine (7) (6.0 g. 44%) as a colourlcss liquid; Rf 0.37 (hcxanc - 

ethyl acetate. 41); [alD21 + 4.3’ (c 0.6. CHC13): (Found: C, 59.45; H. 10.27; N, 4.47. C15H3lN03Si 

IT@RS C. 59.76; H. 10.36; N, 4.65%): uma (thin film) 2980-2840 (s), 1740 (s). 1480-1430 (m). 1380 

(w), 1360 (w). 1255 (m), 1200 (m). 1175 (m). 1150 (m). 1110 (m). 1040 (w), 980 (w). 940 (w) and 835 (s) 

cm-l; 6H (200 MHz; CDC13) 5.24 (1H. br f J 7 Hz. CJ,i=), 3.88-3.73 (5H. m. C&OSi and CO2C&). 

3.40-3.15 (3H. m, N-Cfl and cffi-G). 1.72 (3H. s, cff3-C=). 1.63 (3H. s. C&-C=), 0.87 (9H. s. StC 

(C&)3) and 0.03 (6H. s. Si-Cm): 8~ (50 MHz; CDC13) 174.1 x0). 135.1 c=), 122.5 cH=). 64.4 

cH2OSi). 62.2 (N-CH). 51.5 (CwH3). 45.2 (=C-C&-N). 25.5 (SiXcH3)3). 17.9 (Q-l3-C=). 17.5 

CL;H3-C=), -5.8 and -5.9 (Si-m3): m/z (GCMS) 302 (M + Hf. 100%). 

tert_-utvl-(4R~-3-hydroxv4I(oh~vloxvc~bonvl~ 13-merhvl-2-l v ._ _ 

oxvI. 

To a solution of the amine (7) (3.3 g. 11 .O mmol) in ethyl acetate (70 ml) was added a saturated aqueous 

solution of sodium bicarbonate (10 ml) at O’C while stirring, followed by phenyl chloroformate (1.4 ml 1.73 

g. 11.0 mmol). After 1 h, water was added and the solution was allowed to warm to r.t. The organic layer 

was then separated. washed with water, brine&cd (MgSO4) and evaporated h m to afford crude 

producL Chromatography on silica (hcxanc - ethyl acetate, 4: 1) afforded the title compound (4.27 g, 92%) as 

a colourless liquid; RfO.44 (hexanetthyl acetate. 4: 1); [a]D20 + 17’ (c 0.06. CHC13); (Found: C. 62.75; H. 

8.65; N, 3.57. C22H35NOgSi requires C, 62.68; H. 8.37; N, 3.32%); \)mm (thin film) 31OG2820 (s). 

1770-1690 (9. 1670 (w). 1590 (w), 1490 (m). 1470-1390 (m), 1380 (m). 1340 (m). 1250 (s), 1200 6). 

1160 (s). 1120 (s). 1070 (m), 1005 (m). 935 (w). 910 (w) and 835 (s) cm-*; 6H (200 MHz CDC13) 7.a 

7.05 (5H. m. aromatics), 5.45-5.28 (IH. m. a=). 4.52-3.92 (5H. m. = C-W-N, C&OSi and N-CIQ 

3.74 (3H. s. C@CH3), 1.76 (3H. s. Cm-C=). 1.69 (3H. s. Cm-C=), 0.92 (9H. s. CO2C(cfl3)3), and 

0.10 (6H. s, Si-CH3); 6C (50 MHz: CDCl3) 170.4. 170.2 CO), 154.8. 154.4 c(=O). 151.6, 151.3. 135.9. 
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134.9 a=). 130.0. 129.3. 125.4, 121.8, 121.7. 121.2. 120.5. 120.3 (fH=). 62.0. 61.4. 61.1 (N-CH and 

fH2OSi). 52.1, 52.0 (COgH3). 46.3.46.0 (= C-at-N), 25.7 (Si-C(SH3)3). 18.0. 17.7 cH3-C=) and - 

5.74 (SiXH3); m/z @CL NH3) 422 (M + H+, 60%). 364 (21) and 354 (100). 

TO a solution of the methyl ester (5 g. 11.9 mmol) in dry toluene (120 ml) was added 

diisobutylaluminium hydride (11.9 ml, 1.5 ,M. 17.8 mmoi) dropwise while stining at -78’C under an niaogen 

atmosphere. After 1.85 h. methanol (2 ml) was added dropwise to quench the reaction, followed by saturated 

aqueous Rochelle salt solution15 to solubilise the complex. The organic layer was separated washed with 

brine, dried (MgSO4) and evaporated ig m to afford crude amino aldehyde (4.36 g) as a colourless liquid. 

To a solution of diisopropylamine (1.4 g. 14 mmol) in tetrahydtofuran (60 ml) at -2OC was added n- 

butyllithium (8.S.ml. 1.6 M. 14 mmol) while stirring under nitrogen. After 1 h, the bath temperatum was 

lowered to -78-C and ten-butyl acetate (1.9 ml. 14 mmol) was added dropwise. After stirring for 0.25 h. the 

crude aldehyde (4.36 g. 11 mmol) in tetrahydrofuran (10 ml) was added dropwise and the reaction mixture 

was stied for a further 0.25 h before saturated aqueous ammonium chloride: methanol (1: 1.5 ml) was added. 

After warming to r.t. ethyl acetate and water was added to the mixture. The organic extract was separated, 

washed with brine, dncd (MgSO4) and evaporated in=. Column chromatography on silica (he.xane- ethyl 

acetate. 4: 1) afforded the alcohol (8) (3.12 g. 52%) as a colourless viscous liquid as a mixture of 

diastereomen; RfO.54 (hexane-ethyl acetate, 4: 1); [a]D20 + 6.9’ (c 0.6. CHCl3); umax (thin film) 3620- 

3250 (m). 3080-2820 (s), 1720 (vs), 1590 (m), 1495 (m), 1460 (s). 1410 (s), 1390 (w), 1370 (s). 1340 (m). 

1310-1290 (m), 1250 (vs), 1155 (vs). 1110 (s), 1030 (m). 1005 (w). 985 (w). 935 (VW). 905 (VW). 835 (vs) 

and 810 (w) cm-*; 6H (200 MHz: CDCl3) 7.41-7.09 (5H. m. aromatics), 5.42-5.28 (1H. m. CH=). 4.48- 

3.87 (6H. m. = C-CIQ-N. aOSi, CH-OH and CH-OH). 3.70-3.54 (IH. m. N-W, 2.75-2.35 (7H. m. 

C&CO2). 1.76 (3H. s. CIQ-C=). 1.70 (3H. s. CH3-C=), 1.47 (9H. s. CH2CO2C(CfI3)3). 0.93 (9H. s. 

Si-C (C&)3) and 0.10 (6H. s, Si-CH3): 6C (125 MHr; CDCl3) 171.7 x0). 155.1 CO). 151.3, 134.8 

a=). 129.2. 125.2. 121.7, 121.1 cH=). 81.1 x(CH3)3). 68.9, 68.2 EHOH), 64.1. 62.5, 61.5. 61.0 (N- 

CH and cH20Si). 46.7, 46.1 (= C-CH2-N), 40.3. 39.7 (LH2CO2). 28.1 (CCQC(fH3)3). 25.8. 25.7 (Si- 

CcH3)3). 18.2. 17.8 cH3-C=) and -5.5 (Si-cH3); m/z (DCI. NH3) 508 (M + H+, 43%). 452 (43) and 

422 (100). 
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Triflic anhydride (0.25 ml. 1.5 tnmol) was added dropwise to a solution of the alcohol (8) (0.50 g, 0.10 

mmol) and pflb (0.4 ml) in di~hl~~~mthane (10 ml) at -2O’C under nitrogen. After 2.5 h, sodium iodide 

in cdvlene gbcol dimethyl ether (1 K 10 ml) was added and the solution was allowed to warm to r.t ~tcr 

S&g for a funher 2 h. the solvent was evaporated b a and ethyl acetate and water was added to the 

residue. The organic phase was separated, washed with saturated aqueous sodium thiosulphatc solution. 

Water. dried (MgS04) and Waporatcd ~R&XUQ to afford crude product Chromatography (hexane-~thyl 

acetate. 4: 1) afforded iodide (9) (0.13 g, 22%) and oxazolidinone (10) (0.17 g, 42%) as pale yellow oils. 

Iodide (9): Rf 0.62 (hcxane - ethyl acetate. 5.7: 1); [a]D 21 =I 1.7’ (C 0.9, CHC13): urnax (thin film) 3OW- 

2830 (m). 1720 (s). 1595 (w). 1495 (m). 1470-1450 (m). 1410 (m). 1390 (w). 1370 (m), 1340 (m), 1250 

(s). 1205 6). 1160 (s). 1120 (5). 1020 (w). 1010 (w). 970 (w), 940-900 (w). 840 (s) and 810 (w) cm-l: 6H 

(200 mz; CDCl3) 7.42-7.09 (SH, m. aromatics). 5.39-5.32 (lH, m. C&=). 4.58-3.96 (6H, m. = C-C&- 

?i. C&!OSi. N-CH and CH-0. 3.28-3.15 (lH, m. CH-Cti_). 2.91-2.77 (1H. m. m-C02). 1.73 (6H. br s. 

C&K=). 1.51 (9H. S. CQC(CH3)3). 0.95 (9H. S. Si-C (C&)3) and 0.14 (6H. s. Si-CH3): 6C (12.5 

LMHz: CDC13) 169.9, 169.6 EO). 154.7, 154.4 go). 151.3 c=). 134.9 c=). 129.2. 125.-I, 1X.2, 121.7. 

121.6. 121.2. 120.4 (fH=). 81.5. 81.3 (CO?X(CH3)3). 63.9. 63.7 (cH2OSi and N-CH). 44.1. 43.8 

(LH2CO2 and = C-fH2-N). 28.1 (Co2Cm3)3). 25.9 (Si-CcH3)3). 23.5 XH-I), 18.2. 17.9 a3-C=) 

and -5.5 (Si-fH3); rtVz @CL NH3) 618 (.M + HC. 5%) and 422 (100). 

Oxazolidinonc (10): RfO.30 (hexane-ethyl acetate, 5.7:1); [a]D21 + 20.0’ (c 0.53. CHCl3): (Found: C. 

61.06; H. 9.30; N. 3.43. C2lH39NOSSi requires C. 60.98; H. 9.50; N, 3.39%); Umax (thin film) 3020- 

2800 (s), 1780-1690 (s). 1675 (w). 1470-1360 (5). 1330 (m). 1250 (s). 1220 (s). 1150 (s). 1130-1060 (s). 

1040 (s). 980 (ml 940 (w). 880 (m). 835 (s) and 810 (m). cm-l: 6H (200 .MHz; CDC13) 5.16 (1H. br t, J 

6.4 HZ. CH=). 4.60 (lH, q. J 6.8 Hz. O-Ctt). 4.06 (IH, dd. J 5.6 Hz and 15 Hz, CHO). 3.74-3.63 (3H. m. 

C&O and N-C&C=). 3.46 (1H. q. J 4.1 Hz, N-Cm, 2.74-2.49 (2H. m. C&CO2), 1.73 (3H, s. C&F 

C=). 1.68 (3H. s, CfI3-C=). 1.45 (9H. s. CO2C (C&3)3). 0.88 (9H. s. Si-C ((X3)3). and 0.06 (6H. s. Si- 

Cm): k (125 mz: CDCl3) 168.6 CO), 157.3 CO), 136.8 c=). 118.7 cH=). 81.5 a(CH3)3), 72.7 

(O-IX), 62.2, 60.9 ( fH20Si and N-SW. 40.8.40.2 (=C-cH2-N and cH2C02). 28.0 (CO2C(I=H3)3), 
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25.7 (Si-CEH3)3). 18.1, 17.9 (!ZH3-C=) and -5.6 (Si-Q-I3); m/z @CI NH~) 431 (M + NH~+, 1%). 414 

(M+H+. ll)and300(100). 

f4RI 3 (3 Meth 1 2 bullllylj- . . __ _ v- - 4-r2-(~loxvcar~vll-7~ _ - ‘. 

TO a solution of the alcohol (8) (0.9 g. 1.8 mmol) in methanol (25 ml) was added p-toluenesulphonic 

acid monohydrate (0.66 g) while stirring. After 0.5 h. water and a saturated aqueous solution of sodium 

bicarbonate was added and the solvent was evaporated. Exnaction with ethyl acetate. followed by washing 

with water. brine, drying (MgSO4) and solvent removal afforded the crude diol(O.71 g) as a colourless 

viscous oil. 

Potassium carbonate (0.34 g) was added to the crude diol(O.71 g) in methanol: water (I&l. 33 ml) 

while stirring. After 2 h. the solvent was removed and ethyl acetate was added. The organic layer was 

sepamted. washed with water, brine, dried (iMgSO4) and evaporated h m. The crude product was then 

purified by COIU~II chromatography (hexane - ethyl acetate, 1: 1) giving the oxazolidinone (12) (0.38 g, 72%) 

as a white crystalline solid; Rf 0.34 (hexane - ethyl acetate. 1:l): m.p. 9496’C; [a]$0 -12’ (c 0.1. CHC13); 

(Pound: C. 60.42: H, 8.80: ?I, 4.23. CljH25N05 requires C. 60.18: H. 8.47: N. 4.68%); umax (nujol 

mull) 3600-3200 (s). 3020-2800 (vs), 1770-1680 (s). 1460 (s), 1370 (s). 1340 (m). 1280 (m), 1260 (m). 

1230 (m). 1210 (w). 1180 (m). 1140 (s). 1095 (m), 1080 (s), 107-O (m), 990 (m), 955 (m), 940 (m). 890 (w) 

and 845 (m) cm-*: SH (200 MHz: CDCl3) 5.19 (IH, br t. I8 Hz. a=), 4.27-4.05 (4H, m. CJQO. N-Cfl 

and CH-OH), 3.84-3.73 (2H. m. =C-C&N). 3.46-3.38 (IH, m, CH-OH). 2.46-2.20 (2H. m. m-CO2). 

1.75 (3H. s. CI&C=). 1.72 (3H. s. C&-C=). and 1.47 (9H. s. C@C (ctI3)3): SC (125 MHz: CDCl3) 

170.8 CO). 158.5 CO). 137.8 (c=). 118.2 (LH=). 81.9 c (CH3)3). 65.9 (0-!J-i2). 62.3 CH-OH). 58.0 

(CH-N). 40.5 (=C-fH2-N), 37.7 tfH2CO2). 28.0 (Co?_C(m)3), 25.7 cH3-C=) and 18.0 cH;-C=): 

m/z @Cr. NH3) 317 (M + NH4+. 3%). 300 (YJI + H+. 10). 261 (24) and 244 (100). 

(4R) 3 (3 Vethv _ - -, I-2-butenvl)~l2-(ten-bu~loxvcarbonvl)-I-~iodo)vll-2-oxat~. 

Triflic anhydride (0.25 ml, 1.43 mmol) was added dropwise to a solution of the alcohol (12) (0.29 g, 

0.97 mmol) and pyridine (0.4 ml. 4.6 mmol) in dichloromethane (10 ml) at O’C under an nitrogen atmosphere. 

After 1 h. sodium iodide in ethylene glycol dimethyl ether (1 M. 10 ml) was added and the solution W;LS 

allowed to warm to r.t. After stirring for a further 1.2 h. the solvent was removed and ethyl acetate and water 

was added to the residue. The organic phase was separated. washed with saturated aqueous sodium 
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tiosulPham soluuoh *at=. dried (MgS04) and cyap<xated h a Chromatography on silica (hcxane - 

ethyl acetate. 1.5: 1) afforded iodide (13) (0.27 g. 68%) as pale YCIIOW crystals; Rf 0.62 (IICX~IIC - ethyl 

acetate. 1.5: 1): m.P. 3234’C; [a]~~ + 63.8’ (c 0.72. CHC13); umax (nujol mull) 3020-2820 (s). 178O. 

1670 (s). 1515 (vW, 1470 (m), 1440 (m), 1420 (m). 1390 (m), 1356 (m). 1340 (w). 1325 (w). 129O-124O 

(m). 1180-l 140 (m). 1095 (m). 1060 (m), lO20 (m), 950 (m). 920 (m) and 850 (m) cm-*; 6~ (200 ,MHr 

CDCl3) 5.08 (1H. br t, J 8 Hz C&), 4.463.84 and 3.7O-3.55 (6H. tn. = C-C&-N. o-C&, N-Cfl and 

C&l-r). 2.9@251 (w. m. C&-C02). 1.66 (81. s. C&-C=) and 1.38 (9H. s. C02C(C&)3); 8C (50 

&MHt; CDC13) 169.3 cI=0), 158.1 CO), 138.8 Cc=), 117.6 a=). 81.9 G(CH3)3). 65.6 (o-=2), 59.6 

(N-a). 40.2 (=C-fH2-N), 38.3 UX2C02). 27.8 (C02Ca3)3). 25.6 &X3-C=). 24.00 0-I) and 17.7 

a3-C=): m/x (DCI. NH3) 427 (M + NH4+, 10%). 410 (M + H+. 7). 371 (22). 354 (54). 282 (86) and 226 

(MO). 

-4s) 3 1 -- - (WPY(hvdroxvmcthv) _ _ 3 _vfl d(l-methvl_ 

Aqueous sodium hydroxide (ION. 0.25 ml) was added dropwise while stirring at OC to a suspension of 

chlorocobaloximc (0.91 g) in methanol (25 ml). After stirring for 0.25 h. sodium borohydride (0.17 g) was 

added potionwise. The resulting dark solution was stirred for 0.25 h, after which a solution of iodide (13) 

(0.88 g. 2.15 mmol) in methanol (10 mI) was added dmpwisc. The solution was alIowcd to warm ro r.t. and 

then stirred ovcmight ‘The solvent was evaporated and ethyl acetate and water was added to the residue. The 

organic layer was separated, washed with water, brine, dried (MgSO4) and evaporated ig yil~u~ to afford 

crude dark brown liquid product Coh~mn chromatography (hexane - ethyl acetate, 2.3: 1) yielded alkene (14) 

(90 mg, 15%) as a colourless oil [Rf 0.48 (hcxane - ethyl acetate, 2.3: I)]. an inseparable mixture of 

pyrrolidines (15) together with a, ~unsaturated ester (16) (0.31 g. 51%) lRfO.36 (hexane - ethyl acetate, 

2.3:1), and the minor products (17 and 18) (70 mg. 12%) [Rf 0.42 (hexane-ethyl acetate, 2.3:1)] as an 

inseparable mixture. 

Alkenc (14): vm (thin film) 3020-2840 (m), 1770 (s). 1725 (s), 1695 (5). 1440 (m), 1410 (5). 1365 (5). 

1280 (m). 1260 (m). 1150 (s). 1115 (m). 1085 (m), lO4O (m). 940 (w). 910 (m). 845 (m) and 810 (w). cm’ ’ 

; 6~ (300 MHZ; CDCl3) 5.11 (1H. br t. J 7.9 Hz a=). 4.85 (2H. s. 0-CH2). 4.70-4.64 (1H. m. N- 

C=Cm). 4.05 (2H. d, J 6.7 Hz, = C-C&N). 2.81 (2H. d. J 7.6 Hz. CkQC02). 1.74 (3H. s, C&3-C=). 

1.71 (3H. s. C&j-C=) and 1.44 (9H. s. CO2C (Q&)3); 8C (125 MHz CDC13) 170.3 CO), 157.0 co). 
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A &don of the alcohol (19) (0.12 g. 0.38 mmol) and pyridinium dichromte (0.72 g, 1.91 -1) in 

~~thylfo~de (12 ml) wan stud at WC overnight under nitmgen. Afta cooling t0 T-L, a solution Of 

d&OmCthane in ether WAS added The ~XCC.SS diammcthane was removed via a s- Of nimgCn and bC 

~~ was then poured into a saturated aqueous solution of sodium carbonate and extract& ti timts with 

ethyl acetate. The combined extracts were washed with brine, dried (MgSO4) and evaporated. the xsidue 

was Plrrified with silica gel column chromatography (hexare - ethyl acetate. 2.3: 1) to furnish diater (21) (80 

mg. 61%) as a co1ourles.s oil; Rf 0.34 (hexanc - ethyl acetate, 2.3:1): [a]D21 -23.4’ (C 0.68. CHC13) wit.12 

[aID -19.8 (c, 1.20. CHCl;)I: umax (CHC13) 30X1-2840 (m ). 1735 (s). 1690 (s). 1480 (w). 1450 (w). 

1440 (s). 1405 (s). 1380 (~1. 1370 (~1. 1330 (w). 1X0-1220 (m). 1170 (s), 1135 (s). 1005 (w). and 905 (s) 

Cm-‘: 6H (200 &MHZ: CDC13) 4.93 (1H. s, CH=). 4.70 (1H. S, a=), 4.13 (1H. dd. J 19 and 3.2 Ht. N- 

CH-CO2). 3.78-3.38 (8H. m. 2 x CO2Cm and N-m). 3.03 (lH, m. = C-C&). 2.56 (1H. m. CH- 

CJWW. 2.43-2.20 (2H. m. C&CO?,). 1.70 (3H, s, C&-C=). 1.48 and 1.42 (9H. s. CO2C (C&)3); 6C 

(50 .mz; CDC13) 172.6- 172.5 (2 x fO2CH3). 154.0 (f02C(CH3)3). 141.6, 141.1 c=). 113.5. 113.3 

Ui?). 80.2 (CO?.X(CH3)3), 63.9. 63.6 (N-!ZH-CO?,). 52.1. 51.7 (CO2LH3). 47.5 (N-cH2). 45.9, 45.1. 

41.7. 40.8 (= C-CH and CH-CHzCO2). 32.5 (cH2CO2). 28.1, 28.1 (CO2C(QI3)3). 22.2 and 22.1 (= C- 

CH3): m/z (DCL ,NH3) 359 (M c NH4+, 0.8%). 342 (M + H+. 71) and 242 (100). 

A mixture of diester (2 1) (93 mg, 0.17 mmol) and aqueous potassium hydroxide (17 ml. 2.5%) in 

methanol (3 ml) was brought to reflux for 3.5 h under nitrogen. After cooling to r.t.. the solvent was removed 

in vXUQ and the solution wu brought to pH 4-5 by the addition of aqueous citric acid (10%). The aqueous 

phase was then exuacted three times with ethyl acetate. the extr~ts were dried (MgS04) and evaponted to 

afford crude tcrt-butyloxycarbonyl-kainic acid l4 (91 mg) as a viscous oil: 6H (200 MHz CDC13) 9.97 (2H. 

br s. 2 x CO2K). 4.96 (1H. s. CH=). 4.73 (IH. s, CH=). 4.20 (IH. d, J 32 Hz. N-CH-C02). 3.77-3.30 

(2H, m. N-C&), 3.10-2.91 (2H, m. = C-CH and Cfl-CH2C02). 2.43-2.28 (2H. m. C&CO?,). 1.73 (3H, 

s, C&C=). 1.49 and 1.43 (9H. s. CO2C (C&)3); m/z (DCI. NH3) 331 (M + NH4+. 5%). 314 (M + H+, 

18), 275 (25). 258 (28). 214 (100) and 168 (72). 

To the crude diacid (9 1 mg) in dichloromethane (4 ml) of O’C was added trifluoroacctic acid (0.10 ml. 

1.30 mmol) while stirring. After 0.5 h the solution was warmed to r.t and stirred for a further 0.25 h. The 

solvent was then removed h m affording crude white crystalline product. This was then dissolved in 
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water and filtered through a column of ion exchange resin [Dowex (50 x 2)-100; elution with water followed 

by 1N NF4OH’l to give a colourless solid. This material wad ~~~~~tallised from aqueous UIC~IOI to give (-1 

-a-kainic acid (la) (39 mg. 67%) as coiourie.ss needles mp. 248-249-C (dec.) [ht.,16 mp. 243-244’C 

(dec.)]; [a]D21 -13.2 (c 0.55. H20) [lit ,I6 [a]$7 -14.2 (c 033. H20)l; umax (nujol mull) 3540 (m). 3150 

(m), 3ooO-2820 (s), 2700-2500 (m). 1690 (m). 1620 (m), 1460 (s). 1380 (s). 1320 (m). 1280 (m). 920 (w) 

and 890 (w) cm-l; 6H (500 h4l-k D20, HOD suppressed) 4.94 (1H. s. CH=). 4.63 (H-I, s. C&), 3.99 

(1H. 6 J 3.4 Hz N-CfI-C02). 3.54-3.51 (H-I, m, N-C&CT-I). 3.35-3.30 (1K m. N-C&CH). 299-2.89 

(W.m.= C-a and C&CH2CO2), 2.37-223 (2H. m, CH-CH2CO2) and 1.66 (3H. s. C&-C=); & (125 

MHr D20. HOD suppressed) 177.5, 174.2 (2 x cO2H), 141.0 G=). 114.4 m2=), 66.7 (N-m-CO2). 

47.5 (N-SH2). 46.8.41.8 (= C-m and SH-CX-I2CO2), 34.6 a2CO2H) and 23.1 a3-C=); m/z 

(positive argon fast atom bombardment) 214 (M + H+, 100%). 
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