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Summary: Highly diastereoselective alkylation (196% de) of a-lithiated E-IN- 
bis(methylthio)methyleneglycyll-trans-2,5-b~s~methoxymethoxymethyl~pyrrol~~lne 
and subsequent hydrolysis gave various a-amino acids of high optical purity. An 
unusual amino acid (2S,9S)-2-amrno-8-oxo-9,lO-epoxydecanolc acid was also 
synthesized enantioseTecirvely in its N-protected form by using the alkylation of 
the above choral qlycine amide and asymmetric epoxidatlon as means of lntroduclnq 
C2 and C9 asymmetric centers, respectively. Aldol condensation reaction of the 
same lithiated qlycine amide was also examined. 

There is a strong demand for the effective methodology for the synthesis of 

optically pure amino acids because of the growing occurrence of natural rare and 

biologically active non-proteinoqenic amino acids, and various approaches to the 

asymmetric synthesis of this class of compounds have recently been exp1olted.l’ 

Among the conventional methods for the preparation of O-amino acids, the 

alkylation of glycine derivatives has a particular advantage because a wide 

variety of a-amino acids can be prepared from a single starting material by the 

choice of alkylating agents, 2’ and several asymmetric versions of this method 

have also been reported3*4) where efforts have been directed to the enolates of 

qlycine derivative synthons bearing appropriate choral auxiliaries. Al thouqh the 

alkylation of some of their enolates was found to proceed with fairly good 

diastereoselectivlty,4’ there still appears to be a demand for the improvement of 

generality and stereoselectivity. 

Recently we found that the amide enolate (1) bearing trans-2,5-disubstltuted 

pyrrolidine as a choral auxiliary, reacted diastereoselectlvely with various 

electrophiles to give a-substituted amides (2), which could be hydrolyzed to give 

the corresponding o-substituted acids (3) of high enantiomeric purity (1951 ee, 

Scheme 1) .‘I In this alkylation process, n-facial selectivity of the enolate (1) 

~5 not controlled by chelation but principally by steric effect of the C2- 
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symmetrically placed substituents on the pyrrolidine ring. This suggested that 

introduction of a heteroatom having lone pair electrons to the a-carbon atom 

of the amide enolate might not change both degree and sense of asymmetric 

induction brought about by the auxiliary. Actually, the alkylation of the 

enolate (4) bearing an oxygen function on its a-carbon atom proved, as expected, 

to proceed with high diastereoselectivrty (196% de) and with the same sense of 
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asymmetric lnductlon as that in the case of 1, giving optically active O- 

protected a-hydroxy acrds 15) after hydrolysis (Scheme 2).6) In this paper, we 

describe another modlfrcation of the methodology where the highly effective 

asymmetric synthesis of a-amino acids has been achieved by the alkylatlon of the 

choral enolate (8) having a nitrogen functionalllty [R= KH3S)2C=N-l at the a- 

carbon atom.‘) 

At first, we investigated the effect of the amino-protecting group upon the 

dlastereoselection in the alkylation of the glycyl amide (6-B) using methyl 

iodide as an elcctrophile. As shown in Table 1, bis(methylthio)methylene group’) 

was found to be the best in diastereoselectivity and chemical yield. Baaed on 

this result, we proceeded to the alkylation of tj-IN-bls(methylthio)methylene- 

glycyl]-trans-2,5-bis(methoxymethoxymethyl~pyrro~idine (8). The results are 

summarized ln Table 2. Alkylation with methyl iodide, proparqyl bromide. and 

benzyl type bromide took place smoothly with high diastereosclectivity (196% de) 

(entries 1, 2, 3, and 4). The reaction with isobutyl bromide proceeded 
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Table 1. Effect of amino-protecting group upon diastereoselection in alkylation 

of glycine amides (L-8)“) 

entry P 

1 C6H5CH (6) 

2 o-(HOIC6H4CH (7) 

3 (MeS) ?C (8) 

Yield (0) 

66 

_b) 

84 

0 de 

80 

98 

a) To a THF solution of the 1Lthlum enolate derived from the corresponding amide 
was added nex (1.1 eq) at -78 OC. b) The reaction was quite sluggish. 

reluctantly to give a poor yield (15%) even after prolonged reaction time (3 d) 

and the diastereoselectlvrty suffered some deterioration (84% de). The reaction 

of Isopropyl iodide did not proceed at all. However, the use of the 
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Table 2. Alkylatlon of the (2S,5S)-amlde (8) 

Alkylated Amide (9a-f) 

Entry RX Solvent Temp Yield a de 
-- 

IOC) (t) 

1 MeI THF -70 --20 85 98 

2 PhCH2Br THF -78--20 85 98 

3 p+leDC6Fi4CH2Br THF -78--20 91 96 

4 HCKCH2Br THF -70--20 95 98 

5 We2CHOTf THF- -20 51 98 
pentane 

6 Me2CHCH2OTf THF- -78--20 68 97 
tolucne 

a-Amino Acid (lOa-f) 

Yield % ee Conf lg. 

1%) 

97 95 S 

92 97 S 

00 95 S 

51 9Ea’ 5 

81 _b) s - 

96 97 S 

a) The enantromerlc exces: was determined by conversion to methyl 2-formylamln* 
4-pentynoate followed by 
bl The precise value could 

H NWR (400 WHz) analysis ln the presence of Eu(hfc)). 
not be determined either by lH NWB or HPLC anal 

24.5 
81s of 

the corresponding N-benzyloxycarbonylleucyl dlpeptide methyl ester: lajD l 5.6O0, 
lit. [a], l 5.63O (J.P.Creensteln and n.Wlnltz, ‘Chemistry of Amino Acid,’ John 
Wiley L Sons Inc., New York (19611, Vol. 3, p. 2368). 
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correapondlng triflates lrhproved the yields and diaetereoselectrvity (entrree 5 

and 6). Dlastereomerlc excesses of the products (9) were determined by the 

comparison of lH NMR spectra of the product5 and those of the standard samples 

containing a mixture5 of (2S,Ss,Z’S)- and (2_R,SiJ,2’S) -amIdes (11) which were - 

prepared from the corresponding (S)-amino acids and dl-2,5-bis(methoxymethoxy- - 

methyl)pyrrolidrne by a conventional manner (Scheme 31, wherein the 

diastereomeric ratios were given by the relatrve intensities of S-methyl protons 

in a pair of diastereomers. All the alkylated products (9) were hydrolyzed to 

the correspondrng amino acids (10) in good yields by refluxlng them in aqueous 1 

mol dmm3 HCl for 4 h, followed by neutral izatlon of the mixture with aqueous 

saturated NaHC03 at room temperature. The (2S,SS)-amide (8) invariably gave !?I- 

amino acids (10). This means that the approach of electrophiles occurred on the 

si-face of eenolate and that the sense of asymmetric lnductlon In these - 

reactions 18 the same as that in the alkylation reaction of 1 (R- alkyl),” as 

expected. In order to determlne the optical purity, these amino acids were 

coupled with an active ester of (?I-N-benzyloxycarbonylleucine by using y- 

hydroxysucclnrmlde, and the resulting peptides were converted to the 

corresponding methyl esters whichwereanalyzedby IHNURor HPLC tobe L95t ee. 

This confirmed that compounds (9) were hydrolyzed to amino acids (10) without 

detectable eprmerization. The hydrolysis of the amide (9d) gave a I-amrno-l- 

pentynoic acid which is an unusual amino acid isolated from a mushroom, Amanita 

pseudoporphria. 9) 

In order to obtain 8-hydroxy-n-amino acids, the reaction of the glycine 

amlde (8) with carbonyl compounds was next examined (Schew 4). The reaction of 

the lithium enolate with acetone proceeded with moderate drastereoselectlvity 

(711 de), though the yield was not so good (30%). However, the reaction of the 



8 
1) LOA 

* 
2) CP2HCl2 

3) “,p 

Alkyhion of an amxk cnolalc 

R 

R, It’= He 

R=“~CH3,2CH, It’* H 

I? 

Y 

0 onon / 
H 

*. 

:::*JFN l? 
-0 onon 

CP / ‘Cl 
CP 

12 

1337 

Scheme 4 

same enolate with 2-methylpropanal afforded three diastereomerrc products rn a 

rat10 of 2.4:1:1. The additron of Cp2TrC12 or Cp2ZrC12 to a solution Of the 

lithium enolate prior to the reactron, drd not improve the drastereoselectrvity. 

In the aldol reaction of the enolate (1, R= alkyl, l4= Lil which drd not carry the 

nitrogen function on rts a-carbon atom, high 9-selectivrty was secured by the 

additron of Cp2ZrC12.Lo1 In the case of the present enolate (121, however, the 

zrrconrum Ion rs coordlnatively saturated by the chelation of the azomethlne 

nrtrogen so that the reaction proceeds through non-cyclic transitron state 

resulting rn the poor stereoselectivity.“) 

As an applrcatron of the present method, synthesis of (2S,9S)-2-amino-8-oxo- 

9,10-epoxydecanolc acid (Aoe, 21) was carried out l’n its N-protected form (20). 

Aoe 1s an unusual ammo acid found rn several physrologically active peptides12) 

as one of the components. Though it has not been isolated in the form of free 

amino acid, its structure including absolute configuration was established by an 

X-ray study of a cyclic tetrapeptide, chramydocin,12b) and the synthesis of 

dl_13) or an unnatural dlastereomer, - (2S,9iJ) -Aoel’) has been reported in 

protected form. Our synthesrs (Scheme 5) started with the asymmetric alkylation 

of 8 with 6-t-butyldimethylsiloxy-1-hexyl triflate which was prepared from the - 

corresponding alkoxide by treatment with trifluoromethanesulfonic anhydride in 

to1uene.l’) The amide (131 was hydrolyzed to the hydroxy amino acrd (14) 

according to the procedure described above. The optical purrty of 14 was 

determined to be 988 ee after its conversion to the dipeptide.L6) The compound 

(14) was converted to the N-benzyloxycarbonyl methyl ester (15) by successrve 

treatment with thionyl chloride in methanol and with benzyloxycarbonyl chloride 

in an aqueous NaHC03 solution. Swern oxrdationL7) of 15, followed by treatment 

of the resulting aldehyde (16) with vinylmagnesium bromide gave a diastereomeric 

mixture of allylic alcohols (17). The mixture was sub)ected to the klnetlc 

resolution using a system of tltanium tetrarsopropoxide, (-I-diisopropyl 

tartrate, and t-butyl hydroperoxrde (TBHP) developed by Sharpless and one of the 

authors (T.K.) ,la) to afford the epoxy alcohol (18) having the desired 9R- 
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configuratl0n.l’) The epoxy alcohol (18) was converted to the epoxy ketone (19) 

by Swern oxidation. The compound (19) was smoothly hydrolyzed by treatment with 

aqueous K2C03 to give tj-benzyloxycarbonyl Aoe (20). But the deprotection (H2/Pd- 

C or WC17 -NaIOq/H20-CH$N-Ccl, 20)) to the free amino acid (21) was unsuccessful 

because of the lability of the epoxy ketone structure under the conditions. 
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(2S,5S)-N-[N-B1a(methylth~o)methyleneglycyl]-2,5-b1e(methoxymethoxy- 
methyl)pyrrolidrne 111 

L1OH (69.2 mq, 2.5 eq) was added to a solutron of E- 
Ib1s(methylth~o)aethylene)qlyc1ne methyl ester (290 mq, 2.3 eq)*) in methanol 
(3.0 ml) and the mixture was stirred at room temperature for 16 h. The solution 
was concentrated in vacua to dryness and the reeldue was suspended in 
dichloromethane (2 ml). To this was added pivaloyl chloride (185 ul, 2.3 eq) and 
the mrxturewas stirred for 8 h atroontemperature. To the mixture was added a 
solution of (2S,SS)-bis(methoxymethoxymethyl)pyrrolidine (140.8 mq, 0.643 mmol) 
and trlethylamine (269 ul, 3 eq) 1n dlchloromethane (1 ml). After 12 h, the 
mixture was concentrated and chromatoqraphed on silica qe 

3 
with hexane-ethyl 

acetate (1:l) to qlve 8 (208.6 mq, 84.5%) as an oil; [ali *6-59.490 (c= 4.13, 
MeOH); 'H NClR 6 1.64-2.20(m, 4H), 2.32(s, 3H), 2.48(s, 3H), 3.26(s, 6H), 
3.63-3.?O(m, 4H), 4.14(m, ZH), 4.22(s, ZH), 4.51(s, 4H). Found: C, 47.33; H, 
7.36, N, 7.368. Calcd for C15H28N205S2: C, 47.35; H, 7.42, N, 7.368. 

~2S,5S)-N-[(S)-N-B~s(methylth~o)methylenealanyl~-2,5-b~s(methoxymethoxy~ 
methyl) pyrrolidrne (9a) 

A THF solution of LDA (0.631 mol dmm3, 211 ~1, 1.05 eq) was added to a 
solution of the amide (8, 48.4 mq) rn THF (0.6 ml) at -78 OC and the temperature 
was raised to -20 OC. After 5 mrn, the mixture was againcooled to -70 OC and 
methyl iodide (9.5 ul, 1.2 eq) was added to this under stirring. The mixture was 
kept at -20 OC for 24h and quenched with aqueous phosphoric acid (St, 150 ul) at 
the same temperature. The mixture was allowed to warm to room temperature and 
extracted with dichloromethane. The orqanlc layer was dried over Na2S04 and 
concentrated under reduced pressure. The residue was chromatoqraphed on silica 
gel with hexaneethyl acetate (3:2) to qlve 9a (83.7 mq, 85.5 %) as an oil; 
Ia)25'6-44.60 

P 
(c-3.38, HeOH); 'H NMR61.35(d, J=6.4 Hz, 3H), 1.84-2.12(m, 4H), 

2.4 (s, 3H1, 2.56(s, 3H), 3.3419, 6H), 3.34-3.?2(m, 4H), 3.96-4.36(m, 2H) 4.58(s, 
4H), 4.49-4.70(m, 1H). Found: C, 40.64; H, 7.66; N, 7.OSA. Calcd for 
C16H30N205S2: C, 48.71; H, 7.66; N, 7.101. 

und was prepared ln a similar manner to that described for 9a. 
An 01~3~[:~~~~-6?.6' (c=2.88, MeOH); 'H NRRdl.SO-2.081m. 4H). 2.36(s, 3H), 
2.48(s, 3H), 2.64-3.84(m, 6Hl, 3.23(s, 3H), 3.31(s, 3H), 4.04-4.32(m, ZH), 
4.3?(d, 2H), 4.56(s, 2H1, 4.64-4.88(m, lH), 7.10-?.36(m. SH). Founda C, 55.8Br 
H, 7.32; N, 5.918. Calcd for C22H34N205S2: C, 56.14: H, 7.208 N, 5.95t. 

(2S,5S)-N-[(S)-N-B~e(methylth1o)methylene-O-methylthyrosyl~-2,5- -- 
bie(methoxymethoxymethyl)py rrolrdine (9c) - 

und was prepared 1n a slmrlar manner to that described for 9a. 
An 0iT:~[~~~'S-?2.5~ (c-3.66, HeOH); 'H NMR6 1.6?-1.96(m, 4H), 2.44(s, 3H), 
2.54(s, 3H), 2.68-3.?6(m, 6H), 3.30(s, 3H), 3.33(s, 3H), 3.?6(s, 3H). 
4.04-4.36(m, ZH), 4.52(s, ZH), 4.54(s, ZH), 4.54-4.841m, lH), 6.?B(d, J-11.3 Hz, 
2H). ?.l?(d, J=11.3 Hz, 2H). Found: C, 55.00; H, 7.23: N, 5.58%. Calcd for 
C23H36N206S2: C, 55.18: H, 7.25: N,5.608. 

und was prepared rn a similar manner to that described for 9a. 
An 01T?e[~~~'~-?l.2~ (c=3.58, ReOH)r 'H Nl4R (400 NHz) 61.92-2.26(m, 6H), 1.97(t. 
J= 2.4 Hz, 1H). 2.41(s, 3H), 2.4S(ddd, J=16.1, 4.9, 2.4 Hz, lH), 2.58(s, 3H), 
2.?9(ddd, 5=16-l, 9.3, 2.4 Hz, 1H). 3.30-3.43(m, ZH), 3.33(?..3H), 3.35(s, 3H), 
3.4?(dd, Ja9.7, 7.4 Hz, lH), 3.85(dd, 519.7, 2.9 Hz, lH), 4.11(m, lH), 4.34(m, 
lHI, 4.5?(ABq, Ja6.4 Ht. 2H), 4.62(ABq, J-6.4 Hz, 2H), 4.?9(dd, J=9.3, 4.9 Hz, 
1H). Found: C, 51.36; H, 7.17; N, 6.528. 
7.22; N, 6.698. 

Calcd for C18H30N205S2: C, 51.65: H, 

~2S,5S)-N-[~S~-N-B~s~methylth~o~methylenevalyl~~-b~s~methoxy- 
methoxymethyljpyrrolldlne (9e) 

The compound was prepared in the same manner as described for 9a except that 
isopropyl triflate was used as the alkylatinq agent. The triflate was prepared 
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from the correspondrng alcohol and trrfluoromethanesulfonlc anhydride In pentane 
in the presence of pyridine accordrng to the reported proccdure.21) 
An 011: [0.]$~*~-34.0~ lc=2.61, MeOH); ‘I WWR6 0.94(d. 596.4 Hz, 3H), 0.96(d, 
J=6.4 Hz, 3H), 1.80-2.36(m, 5H). 2.44(~, 3H). 2.55(s, 3H). 3.34(e, 6H3, 
3.34-3.86(m, 4H), 4.00-4.44(m, 3H), 4.59(s, 4H). Found: C, 51.19; H, 8.16; N, 
6.568. Calcd for C1,3H34N205S2: C, 51.16; H, 8.11; N, 6.63%. 

(2S,5S)-N-[~S)-N-B~s~methylthio)methyleneleucyl]~-bls(~ethoxymethoxy- 
methyl)pyrrolidine (9f) 

The compound was prepared rn a similar manner to that described for 9e. The 
trrflate was prepared from the corresponding lrthium alkoxrda and 
trifluoromethanesulfonrc anhydride according to the reported procedure.15) 
oil; [a1i3*6-27.40 (c=1.89, f4eOH)r lH NMR60.76-l.OB(m, 6H3, 1.50-1.74(m, 3Hbtn 
1.80-2.24(m, 4H), 2.42(s, 3H), 2.57(s, 3H). 3.34(9, 6H), 3.34-3.82(m, IH), 
(3.96-4.40(m, ZH), 4.59(s, 4H), 4.46-4.72(m, 1H). Found: C, 52.121 H, 8.20; N, 
6.421. Calcd for C1gH36N205S2: C, 52.27: H, 8.31; N, 6.428. 

Hydrolysis of the Amide (9f) to (S) -Leucine ----- 
The amide (9f, 48.5 mg) was refluxed in 1 mol dmm3 hydrochloric acid (1 ml) 

for 4 h and cooled to room temperature. The mixture was neutralrted wrth 
saturated aqueous NaHC03. Then, the solution was added to an anion exchange 
column [Dowex 1 (OH-form) 1. The column was washed w_‘;h water until the effluent 
was neutral and the product was eluted wrth 1 mol dm hydrochloric acid. 
Nrnhydrrn-positive fractions were collected and concentrated. The residue was 
further added to a cation exchange resin [Dowex SOW (H-form)). The column was 
washed with water and the product was eluted with 1 mol dmm3 
Ninhydrin-positive fractions were collected and concentrated 

NH40H solution. 
to 

[a) ;5-10.9. 2P 
ive (S) - 1 euc ine 

(14.6 mg) in 96% yield. 
H20). 

(c=O.52, H20); lit.22) [aID -11.0’ (c=2, 

For the determination of the optical purrty, the leucine thus obtained was 
converted to methyl benzyloxycarbonyl-(S)-leucylleuclnate. 

A solution of tj-hydroxysuccrnrmide ester of (S)-tj-bentyloxycarbonylleucine 
(26 mg, 2 eq) in dioxane (1 ml) was added to a solution of the leucine obtained 
16.3 mg), triethylamine 16.7 ul, 1 eq) In dioxane (1 ml) and water (1 ml) at 0 OC 
and the mixture was stirred for 14 h at room temperature. The mixture was 
concentrated in vaccuo and diluted with ether. Drazomethane was bubbled through 
the solution until it turned yellow. The solution was filtered through silrca 
gel column and concentrated. The residue was analyzed by HPLC using Unisil Q 
(purchased from Casukuro Kogyo Co. Ltd.) and hexane-ether(7:3) as an eluent, and 
diastereomerrc purity of the product was determrned to be 979 de. 

Other amide (9a, 9b, 9c. 9d, and 9e) were also converted to the respective 
amino acids in the same manner. 

~2S,5S)-N-(~2S)-8-t-Butyldimethyls~loxy-2-b~s(methylth~o)methyleneamino- 
octanoyl)-2,5-bls~methoxymethoxymetyl)pyrrolidine (13) 

A solutron of rrbutyl lithium in hexane (1.6Oyl dmm3, 1.49 ml, 1.05 eql 
was added to a solution of 6-l-butyldimethylsiloxy-l-hexanol (527 mg, 2.27 mnol) 
at 0 OC. After 1 min, trrfluoromethanesulfonic anhydrrde (382 ~1, 1 eq) was 
added and the whole mixture was submitted to centrrfugal filtration at the same 
temperature. To a THF solution (1.3 ml) of the lithium enolate (0.802 mmol) 
prepared from 8 (308 mg) rn the same manner as descrrbed for preparation of 9a. 
was added dropwise the above filtrate (4.2 ml) containing the trlflate (0.963 
mmol, 1.2 eq) at -70 OC. The mixture was then kept at -20 “C for 24 h and, after 
the addition of aqueous phosphorrc acid (59, 560 ul), allowed to warm to room 
t zmperature. After the usual workup, chromatography on silica gel wrth hexane- 
ethyl acetate (3:2) gave 13 (446.2 mg) rn 93s yreld as an oil; (a)~4**-30.22” (cm 
0.72, WeOH); LH NMR 5 0.04(s, 6H), 0.89(s, 9H), 1.13-1.611m, lOH), 1.64-2.20(m, 
OH), 2.42(s, 3H), 2.56(s, 3H), 3.33(s, 6H), 3.40-3.81(m, 6H). 4.0-4.37(m, 3H), 
4.58(s, 4H). HSIEI), m/z 594(W’, 0.411, 563(10), 547(791, 53703), 471(51), 
348(100). HRWS calcd for C27H51N2D6S2Si 594.31894, found m/z 594.31920. 

(2S)-2-Amino-8-hydroxyoctanoic Acid (14) -- 
The compound was prepared from 13 rn 94.3% yield in a similar manner to that 

described for the hydrolysis of 9f. 
Crystals; m.p. 236 OC(decomp)t [a]g4’4*4.60 (cm 2.63, H20): ‘H NMR (D20) 6 

l.l-1.9(m, lOH), 3.52(m, 3H). The compound (14) was used for the next reaction 
without further purrfcation. 

Wethyl (2S)-2-Benzyloxycarbonylamino-E-hydroxyoctanoate (15) 
Thionylchlorrde (3 ml) was addeddropwisetoa solution of theamino acid 
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(14, 193.7 mg) ln methanol (10 ml) at -10 OC. Then, the mrxture was rcf luxed for 

4 h, cooled to room temperature, and concentrated. The residue was dissolved in 

water (2 ml) and, after the addrtion of ether (0.4 ml), NaHC03 (330 mg, 3.6 eql 
and benzyloxycarbonyl chloride 1128 ~1, 0.65 eq) were added to this under 

stirring. Aftar 2 h, a further amount of NaHC03 (170 mg) and bentyloxycarbonyl 

chloride (128 ul, 0.65 eq) was added and stirring was continued for another 3 h. 
The mixture was extracted with dichloromethane. The organic layer was dried over 

Na2S04 and concentrated in vacua. 
wrth hexaneethyl acetate (3:2) 

The residue was chromatographed on 911 1c;6ggl 
to give 15 (281.9 mg, 79.58) as an 011; IaID f 

-16.25O (c= 1.44, t4eOH) I ‘H NRR 0 l.O-Z.O(m, llH), 3.64(t, J=6.0 Hz, ZH), 3.72(s, 

3H), 4.32(m, 1H). S.lO(s, ZH), 5.28(m, lH), 7.32(br 9, SH). Found: C, 63.18; H, 
7.79: N, 4.36%. Calcd for C17H25N05: C, 63.14; H,7.79; N, 4.33%. 

Methyl (2S)-2-Benzyloxycarbonylamrno-8-oxooctanoate (16) 
Dimethylsulfoxide (77 ul, 2.2 eq) was added to a solution of oxalyl chloride 

(46 Ul, 1.1 eq) in dichloromethane (12.5 ml) at -60 OC and stirred for 2 min. To 
this solution was added at the same temperature , a solution of the N- 
bentyloxycarbonyl methyl ester (15, 158.5 mg, 0.49 mmol) in dichloromethane (0.5 
ml). After 5 mrn, trrethylamlne (342 ul, 5 eq) was added and the mixture was 
allowed to warm to room temperature. The mixture was filtered through Celite and 
concentrated rn vacua. The residue was chromatographed on silica 

9 
el with 

hexane-ethyl acetate (7:)) to grve 16 (138.7 mg, 88t) as an 011; H NHR 6 
l.O-2.0(m, BH), 2.41(t, J-6 Hz, ZH), 3.72(s, 3H), 4.32(m, lH), S.lOls, 2H). 
5.28(m, lH), 7.32(br 5, SH). 

Methyl (2SI8RS)-2-Benzyloxycarbonylamino-8-hydroxy-9-decenoate (17) 
To a solutron of the aldehyde (16, 33.2 mg, 0.103 mmoll in THF (0.5 ml) was 

added a THF solution of vinylmagnesium bromide (0.888 mol dmm3, 0.24 ml) at -78 
OC. The mixture was stirred for 1 h at the same temperature and quenched with 
saturated aqueous NH4Cl. The mixture was filtered through Celite and 
concentrated in vacua. The residue was chromatographed on silica gel with 
hexane-ethyl acetate (7:3) to give 17 (19.4 mg, 53.70) as an 011; [a]i4*8-12.890 
(c=2.61, MeOH) J ‘H NRRE l.l-Z.O(m, lOH), 3.72(s, 3H). 4.07(m, l!I), 4.37(m, lH), 
5.08im. 2Ii), S.lO(s, 2H), 5.28, (IF., ZH), 7.321br s, 5H). Found : C, 65.57: H, 
7.66; N, 4.098. Calcd for C1gH27N05: C, 65.30: H, 7.79: N, 4.019. 

(18) Methyl (2S,8R,9R)-2-Benzyloxycarbonylamlno-9,10-epoxy-8-hydroxydecanoate 

I-I-Dirsopropyl tartrate (32.6 mg, 1.3 eq) was added at -20 “C to a solution 
of Tr(OPr114 (31.4 vl, 1 eq) in dichloromethane (0.5 ml). After 5 min, a 
solution of the allylic alcohol 117, 37.5 mg, 0.107 mmol) in dichloromethane and 
a solution of TBHP (6.11 mol dm-‘, 34 ul, 2eq) in dichloroethane were added 
successively at the same temperature, and the mixture was left to stand for 4 
days in a refrigerator (-22 OC). The mixture was quenched with acetone (1 ml ) 
and water (10 ul), and allowed to warm to room temperature. The solution was 
filtered through Celrte and concentrated. Chromatography on srlica 

2iY with hexane-ethyl acetate (3:2) gave 18 (13.0 mg, 33.2%) as an oil; [a], ’ -15.83° 
(c=O.39, MeOH): 'H NCIR 5 l.O-2.0(m, lOHI, 2.75(m, 2H), 2.98(m, lH), 3.7216, 3H I) , 
3.80(m, lH), 4.37(m, lH), S.lO(s, ZH), 5.22(m, lHI, 7.3216, 5H). Diastereomeric 
purity of the product was determined to be >94\ by corn arlson of ‘H NMR spectra 
of its a-methoxy-a-trifluoromethylphenylacetate (HTPA) 331 with that of the 
corresponding MTPA ester derived from the epoxidation product of 17 with 
VO(acac) 2 -TBHP system24). 

Methyl (2S,9S)-2-Benzyloxycarbonylamlno-8-oxo-9,1O-epoxydecanoate (19) 
The compound (18) was oxrdlzedto 19 in a similar manner tothatdescrlbed 

for 16. Yield, 76.19. An oil; [a)$5’6-32.290 (c=O.35, MeOH): ‘H NHR E l.l-2.O(m, 
8H), 2.29(m, ZH), 2.88(m, ZH), 3.41(m, lH), 3.72(s, 3H), 4.32(m, 1H), 5.10(s, 
ZH), 5.22(m, lH), 7.32(br 5, SH). MS (FAB), m/r 364(HH*, 13n), 320(22), 91(100). 
HRMS calcd for C1gt125N06 363.16822, found m/z 363.16832. 

(2S,9S)-2-Benzyloxycarbonylamlno-8-oxo-9,lO-epoxydecanolc Acid (20) 
A mrxture of K2C03 (0.136 mol dm-3, 0.91 ml) and the compound(lr15 mg) in 

water and methanol (1:l) was stirred at room temperature for 8 h. The solution 
was adjusted to pH 4 by the additron of aqueous phosphoric acid (5%) and the 
mixture was extracted with dichloromethane. The organic layer was dried over 
Na2S04 and concentrated in vacua. Reversed phase chromatography on Merk erlica 
gel 60 silanised 170-230 mesh) with hexane-ethyl acetate (1:l) gave 20 (12.2 mg, 
84.58) as an oil; [a1~4’4-17.810 (c=O.26, HeOH); ‘H NMR6 l.l-2.0(m, 8H), 2.29(m, 
2H), 2.88(m, 2H), 3.41(m, lH), 4.32(m, lH), 5.10(5. ZH), 5.22(m, lH), 7.32(s, 
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SH). MS (FD) m/z 350(t4H*, 10001, 304(121, 91(27). 
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