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summary: Novel and effective routes to optically pure arabstic 
a-smi.sm acids, a-#t.hyl-a-auino scids and their derivatives 
including dipeptides are developed via haoochiral B-lactams 
which are.obtainad through amtric [2+21 cyclosdditions of 
ketenes to imines. 

In recent years, f+lactam skeleton has been recognized as providing useful 

synthetic building blocks by exploiting its strain l nargy besides its use in ths 

synthesis of a variety of S-lactam antibiotics.1~2 We have been exploring such 

new aspects of R-lactam chemistry using homochiral, i.e., optically Pure, 8- 

lactams as versatile intermediates for the synthesis of arasatic a-amino acids 

and their derivatives, 3 oligopeptides,4 labeled peptides,' and l zetidines which 

are further converted to polyamines, polyamlno alcohols and polyamino l thers.6 

Based on the hydrogenolymis of chiral 4-aryl-8-lactam intermediates on palladium 

catalyst, ue have developed the "6-w Syntbar mt.bod" for peptido synthesis 

and successfully applied it to the synthesis of potent enkephalin l nalogues.7 
Houever, our previous syntheses of those c-pounds were based on haaochiral. 

diastereaneric S-lactams which were obtained through chromatographic separations 

of two diastereomers since only cycloadditions of act&al ketenes such as azido- 

ketene. phenoxyketene and benzyloxyketene to chiral imines were employed. 

Recently, it has been shown that the asymmetric cycloaddition of cUra ketenes 

to acUr& imines can yield chiral 9-lactams with good to excellent stueo- 

selectivity by Ikota and Hanaki,' and Evans and Sjogren.9 Thorn0 reports 

inspired us to examine the applicability of those cbirsl ketenes to tbs reaction 

with cblral imines in vhich it is necessary to take into account both favorable 

and unfavorable double asyramtric inductions. If the asymmetric cycloaddition 
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can achieve excellent Btereoselectivity regardless of the chiral centers in 

imines, the process will provide extremely effective routes to the direct 

precursors of hcmochlral dipeptldes and azetidines with desired configurations. 

Actually, this approach was successful and thus we describe here new and 

effective asymmetric synthesis of peptides through hanochiral B-lactms as a 

basic methodology to our goals. 

On the other hand, the significance of non-protelnogenic amino acids has 

recently been recognized in connection with design and synthesis of enzyme 

inhibitors as potential pharmaceutical drugs and also for the study of enrymic 

reaction wchanimua.10-13 Among those non-proteinogenlc amino acids, a-alkyl-a- 

amino acids have been attracting medicinal and biochemical interests, i.e., (a) 

those amino acids are known to be pouerful enzyme inhibitors for e.g., dopa,” 

ornithlne,” glutamate,” S-adeaosylmethionine (SAM) decarboxylases’* and 

aspartate amlnotransferase l3 and (b) those amino acids act as conformational 

modifier for phyalologically active pept1des.l’ Scme of a-alkyl-a-amino acids 

have been found in the metabolltes of bacteria and act as antibiotics such as 

amicetin” and antiamoebin I16. a-Alkyl-a-amino acids also provide a challeng- 

ing synthetic problem for chemists since the a-alkyl-a-amino acids have chiral 

quaternary carbons and thus conventional enrymic optical resolution technology 

cannot be applied effectively, viz., no racemization can take place at the 

chiral a-carbons and thus D-isomers oannot be recycled to the optical resolution 

process. Therefore, the asymmetric synthesis of optically pure a-•lkyl-a-amino 

acids is the method of choice. Schtlllkopf et al.” has been developing a 

general method based on bis(lactim) ethers and Seebach et a1.18 reported a 

method based on chlral proline derivatives using “self-reprcductlon of chlrali- 

ty”. Karadylg, Williamson, and Georg*’ developed effective methods based on 

oxatolidlnone, aza-6-lactone, and Schmidt rearrangement, respectively. We have 

successfully been working on this important problem through extremely stereo- 

selective alkylatlons of hcmochiral 8-lactams followed by the reductive Cleavage 

of the alkylated ~-laotams.22-25 Thus, we describe here effective new methods 

for the asymmetric synthsris of a-alkyl-a-amino acids and their derivatives 

including dipeptides as an application of the “B-Lactam Synthon Method”. 

RBSULTS MD DISCUSIQ 

wtric Synttm8i8 of a-‘rim Acid8, Dipoptida8 au3 Tlmir Derlvattvo8 by Ttn 

“‘6-LwtaD syntbtm nethod” 

First, we ltiked at the effectiveness of asmtrlc induatioa by hcmochlral 

ketenes (2) generated in situ from homochlral I-phenyloxarolidinylacetyl 
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chloride (la: S, 1b:R) in the [2+2] cycloadditlon to hasochiral imlnes (31 

derived fran esters of alanlne, vallne, phenylalanlne, and methlonine (anh 

1). As shown 

in the Mnos 

induction and 

chiral center 

In aach case, 

in Table 1, it la very fortunate to find that the ohiral centers 

(3 I do not have any significant influence on the asymmtric 

no appreciable double asymmetric induction is observed, viz., the 

in the ketenc (21 

the reaction gave 

plays a key role in this asymaatric synthesis. 

only one of the two possible diastereoraers: In 

by HPLC and 1H N?8R spectroscopy, the other 

diastereomer of 4 could not be detected in any case examined.22 

scbas 1. 

spite of an an extensive search 

1s: (B) 2 O 
lb: Irr) 

Table 1. Arylstric 12+21 Cyc1oadditiars of 6fmoohiral Ketenm (2) to 
Whiral Iline8 (3) 

Imine (31 8-Lactlhm 4 
Entry Ketcne ____________________ ______________________~~~~~~~~~ 

Ar R Yield(\) Config. 0 d.e.g 

a 2a Ph Ue (R) 82 OS.4R) >99 

b 2a Ph Me (Sl 76 (3S,4R) >99 

C 2b Ph . lPr (Sl 92 (3R,4S) >99 

d 2b Ph iPr (R) 86 (3R,4S) >99 

e 2b Ph PhCH2 (S) 91 (3R,OS) >99 

f 2b Ph MeS(CH2)2 (S) 79 (3R,4S) >99 

a Determined by HPLC analysis (see Experimental Section). 

The B-lactams (4) thus obtained were saponified and then converted to the 

corresponding N-protected dipeptides (5) quantitatively through hydrogenolysis 

over W/C in l&OH: The N-protacted dipeptides (6) can be used for fragment 

condensation with other N-terminus-free peptide units. The modified Birch 

reduction ' of 5 with Ll in liquid NH3/THP/t-BuCH gave the corresponding homo- 
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chiral dipeptides (6) in excellent yields (sctraa 1).22 

The simple asymmetric synthesis of homcchiral a-amino acids is achieved by 

the asmtric [2+2] cycloaddition followed by reductive cleavage as well. Por 

example, the amides of phenylalanlne (11: X=Y=H, R’=Xe] and 0,0-dimthyldopa 

(12: X=Y=MeO, R'=H) with >99.5% e.c. were synthesized via B-lactams, 9 (X=Y=H, 

R=M) and 10 (X=Y=?SeO, R=PhCH2), which were obtained through the arymnetric 

[2+2] cycloadditions of the homochiral ketene (2) generated from 1 to lmines, 7 

and 8, respectively, in high yields (Scbsa 2). 

The asymnetric cycloaddition-reductive cleavage process will open an effec- 

tive route to hcxnochiral peptides since it is demonstrated that the desirable 

absolute configurations can be introduced to the chiral f3-lactams 4 regardless 

of the chiral centers in the iminee and no racemization is observed during the 

modified Birch reduction. This new method is particularly useful for the intro- 

duction of unnatural amino acid residues with desired absolute configurations 

into physiologically active peptides. 

Asymetric Syntbesi8 of a-Alkyl-a-krino hcids, Dipeptiba~ and Their Derivatives 

we have studied two types of asyxm!etric alkylations, (I) the alkylation of 

the C-3 carbon of a B-lactam (Type 1)23t24 and (ii) the alkylation of a side 

chain carbon bonding to the B-lactam nitrogen (Type 2].25’24 

In the Type 1 alkylation, an electrophile should attack the C-3 from the 

opposite side of the bulky 4-aryl group of the b-lactam enolate to avoid sterlc 

conflict . In the ‘&pe 2 alkylation, the enolate is supposed to form a chelate 
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with the 6-lactam oxygen and then an electrophile should attack from the back 

side of the 4-•ryl group. 

If the reaotiom proceed following our hypotheses, chlral guaternary 

carbons should be created in a highly predictable manner, which is very 

beneficial for the synthesis of a series of new a-substituted a-amino acids and 

their derivatives. 

We applied the Type 1 alkylation to the asynxeetric synthesis of the amides 

of (Sl-a-methylphenylalanine (14a: X=Y=Hl and (S)-a-methyl-dopa (lib: X=Y=UeO) 

(Sch 31. (Sl-a-Methyl-dopa (1Sb: X'=Y'=OHl is an inhibitor of dopa 

decarboxylase and being widely used as antihypertensive drug." 

- 3. 

First, hunochiral S-lactams (9a,b: >99.59 d.e.1 were synthesized through 

the asynrnetric [2+2] cycloadditlons of the hauochlral ketene (2al generated &IJ 

situ from la and triethylamine to arylrnethylidene-N-methylamlnes (7a,bl. 

Second, to a S-lactam (9) in THF was added LHDS (1.3 eg.1 in THF at -78 OC in 

order to generate the Type 1 chiral B-lactam enolate. Methyl iodide 0 eg.) was 

then added to the enolate and the mixture was stirred overnight at -7S°C x room 

temperature. A usual work-up and purification on a short silica gel column gave 

a (3S)-3-methyl-3-oxazolidinyl-B_lactam (13: >99.5\ d.e.) in excellent yield. 

The 3-methyl-S-lactams (13a,bl thus obtained were submitted to the modified 

Birch reduction to give the corresponding N-methylamides of a-methyl-a-amino 

acids (14) in excellent yields, which are the direct precursors of (S)-a-methyl- 

phcnylalanine 115a) and (S)-a-methyl-dopa (15b). 

The Tips 2 alkylation wan applied to the asymastrlc syntheeis of (S)-a- 

methylphenylalanine (schwa 4) and (RI-phenylalanyl-(Sl-a-methylphenylalanine 

(- Sb.25 

A S-lactam enolate was generated by treating a B-lactam (16) with LDA (1.0 
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eq.) in THE' at 0 x S°C and the solution uaa cooled to -76 % -9OOC. The asym- 

metric alkylation was carried out by adding bentyl bromide to the enolate to 

give an alkylated 8-lactam ester (17) with >98 \ d.e. The hydrogsnolysls of 17 

on Pd-C gave the corresponding dipeptide derivative (18) in nearly quantitative 

yield. The hydrolysis of 17 with 6N hydrochloric acid in aqueous TXF at 110 OC 

gave optically pure (RI-a-methylphenylalanine (15~RI in high yield. 

The asyrmnetric alkylation of a hanochiral B-lactam ester [la-OR,QS,l’S)] 

prepared via the asyrmnetrlc ketene addition (vide supra) in which the 3-amino 

group of the B-lactam was protected as an oxarolidlnone structure, proceeded 

with extremely high stereoselectivity (>99% d.e.1 to give the wthylated B- 

lactam ester (19) in excellent yield (Scbas 5). Deprotection of 19 with TFA 

and the dissolving metal reduction gave (R)-phenylalanyl-(S)-a-methylphenyl- 

alanine (20: 199% d.e.1 in good yield. 

5 

Consequently, it is demonstrated that the Type 1 and Type 2 asynsmtric 

alkylations of chiral B-lactams provide unique and effective routes to a variety 

of a-substituted aranatic a-amino SCidS and their derivatives which have chfral 

quaternary centers. Further studies on the applications of these methods to new 

double and triple asyxsmtric alkylations are actively in progress and the 

results will be published elsewhere shortly. 
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4fr ..p. 120-122ocr loI; -37.1’ (c 2.3, ClEl,j~ +i-l#R (CDCl,) b 1.90 (s, 3E). 1.72-2.02 (I, 

2H), 2.36-2.56 (m, 28). 3.71 (m. 3A), 3.92 (dd, J-7.8, 7.1 At, 1H). 4.02 7.1 (dd, J-8.2, Rx. 
1R). 4.13 (dd, J-8.2. 7.8 EC. la). 4.49 (d. J-S.2 Rx. lH), 4.74 (dd. 5.1 J-8.7, Rx. lE), 5.03 
(d, J-S.2 Rx. lH), 7.10-7.90 (m, lOH)r IR (KBr disk) 1760, 1730 (K-D) cm-‘. Anal. Calcd. for 

C24H26N20gS~ C, 63.41; 8, 5.77; N, 6.171 S, 7.06. loundr C, 63.251 8, 5.784 N, 6.19; S, 7.00. 

Typically. 4c (0.44 rol) was sqonifid with 1N Nao8 followed by hydrogmolysis (1 atm 

H2) over 5X PI/C (0.44 ml) in HaOR (10 rl) at 50 OC for 5 h to givm SC in 95X yield. Thm 

Birch reduction of 5c (0.44 ml) was carriad out with Li (3.5 -1) in liquid w83 (15 II), TEP 

(5 ml), and t-EiuOR (3.5 -1) at -78 ‘C for 15 min. Iha reaction was quenchad with solid 

NH4Cl. Aftor usual workup, (It)-Pho-(S)-Val-OH (6~) was obtained in 97X yield (HPLC). 

l’ha RPLC analysis (Yators v-8ondapak Cl8 colrm, lWM/O.lN NE40Ac. pE 5) of tha dipptida 

thw obtainad shoved single peak (>99.5X d.a.1 corresponding to that of the authantic sap10 in 

wary CU. oxmind. which clearly indicated that no racalution took place during tha 

procew . 

typically, to l solution of (4S)-phanyloxazolidinylacetic acid (1.73 8, 7.83 -1) in 

toluma (40 at) was added oulyl chloride (3.41 rL, 39.2 ml) and two drops of dimthglform- 

amide at room temperature with stirring, and tlu mixture was hmtod at 60°C for 5 h. Thx 

rmoval of the xolvsnts and excess oulyl chloride under l vacuum to gave tha corrospcmding 

acid chloride q~ntitatiwly. Tha acid chloride thus obtained vu dissolved in rthylam 
chloride (50 rL) and the solution YU cooled to -78’C. Triethylamlns (2.0 mL, 14.1 mol) was 

added to the acid chlorida solution and the mixture was stirred at -78OC for 30 min. Than, a 

solution of 3.4-Dlwthoxybmrylidum-N-nthylamina (1.61 g. 9.0 lo11 in rthylun chloride (20 

mL) was added to the mixture at -78’C with stirring. Tha reaction mixture uas alloud to stir 

overnight with gradual incrust of taparature to rocm tmporaturo. The ruction uu quanched 

with vatar (10 mL) follovsd by the addition of citric acid (3.8 g) and tha ruction mixture vu 

stirred for 1.5 h to dsccapose the excess Schiff base. The methylone chloride layer was 

separated, washed with water. uashed with brine, dried over anhydroua sodiu sulfata and 

concantratad to dryness. Tha crude product thus obtainad YU purified on l silica gel colrrn 

(sluontr CHCl3/AcOKt - 1) to give 9b (2.84 g, 95X) as colorless solid. 

9ar 85X yield; ..p. 236-238’C; [al:’ +54.1° (c 1.1, CHC13); ‘H-WR (CDC13) b 2.89 (s, 3H), 

3.94 (dd. J-7.7. 7.3 Hr. lH), 4.22 (dd, J-8.8, 7.7 Ht. lH), 4.42 (dd. J-8.8, 7.3 Rx. lH), 4.58 

(d, J-4.8 HZ, lH), 4.69 (d, J-4.8 Rx, la). 7.0-7.5 (o,lOH); IR (XBr disk) 1745. 1730 (uclo) 

cm-l. Anal. Calcd. for C19H18N203: C, 70.79; H, 5.63; N. 8.69. loundr C. 70.638 H, 5.61; N, 8.61. 

9b: 95X yield; m.p. 114-117’C; [a]$’ +7.10° (c 6.2, CHC13); ‘H-MR (CDC13) b 2.86 (s, 3H). 

3.90 (s. 3~). 3.93 (s. 3H), 3.85-4.05 Cm, lit), 4.22 (dd. J-8.8, 8.0 Hx, 1H). 4.28 (dd. J-8.8, 

6.7 HZ. 1H). 4.45 (d. J-4.6 Ha. 1s). 4.63 (d. J-4.6 HI, lH), 6.8-7.5 (D. 8H); IR (KBr disk) 

1770, 175.5. 1740 (m) cm-l. Anal. Calcd for CZ1HZ2N205: C, 65.95; H, 5.808 N, 

7.33. Found: C. 65.91; H, 5.78; N, 7.39. 

Smthsla of 2-hIDo-3-mryl-i-mt&lDruPindmm Ill. 12) 

In l typical run. -nia is condsnsod (30 mL) to a reaction flask, aquippod with l dry 

ics/acetona condomar. containing a solution of 9 or 10 (0.50 ml) in TW (35 rL). t-krtanol 

(4 mLL) , and lithium (5.0 roll at -78’C for S-7 l in with stirring: ?or tha reaction of 10. 

WDS (mol) YU used as an l dditiva. Ths reaction is qumched with solid eicn chlorida 

(600 mg). After the usual work-up and purification on a silica gel colon, 11 or 12 ix 

obtalnmd as colorlass oil. 

11: [a]:’ -6.8O (c 1.1. CIlC13)r Ill WlR (CDC13) 6 1.38 (broad s, Za), 2.68 (dd, J-13.7, 9.5 Rx, 

1H). 2.82 (d. J-5.0 Hz, 3li). 3.29 (dd, J-13.7, 4.0 Er. 1H). 3.61 (dd, J-9.5, 4.0 Hx. 1lI). 7.1- 

7.6 (a. 6H); IR (neat) 3350, 3320. 3270 (vNH). 1640 (Vctio), 1515 (6NH) cm-‘. Anal. Calcd. for 
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c10E14N20’o.2sl120: c, 65.72; 8, 8.008 I, 15.33. loundr C. 65.721 8, 8.141 N, lS.O8. 

12: [a];0 -3.940 (c 0.94. C%Cl3); lli IBUt (CDC13) 6 1.90 (breed s, 2E), 2.69 (dd, J-13.7, 9.4 

gxr le), 3.20 (dd. J-13.7, 4.0 iIx, 16). 3.60 (dd, J-9.4. 4.0 Ex, la), 3.89 (a, 68). 5.79 (broad 

s, la). 6.84-6.75 (m. 3E), 7.14 (broad se la)& IR (CBr did) 3330, 3300, 324O. 3180 (uWI), 1640 

(a), 1510 (6lm) cm-l. &ml. Caleb. for C111116N203: C. 58.918 8, 7.19; N, 12.49. round: C 

58.96; H, 7.14; N. 12.37. 

( 

F” 38u- - lant im-2- 

ma l ynthuis of ub (X - Y - ko) is typ10a11y dmmibad. Lithiu huaDtbyldd8ilulda 

(LBDS, 2.90 ~01) in W (15 rL) YU mided to 9b (853 w, 2.23 ml) in TEF (35 1) at -76 ‘C 

and tin l ixtuta YU stirred for 1 h. Nethyl iodide (0.36 mL, 5.80 ml) YU than added to thm 
l olato at tha um tmratura aml ttn rfxturm uu l tirrmd for ovwni&t.r Tha ruction syata 

wu l llouod to warm grulrully to rwam -ratwe. l?n ruction YU qunclmd with 10% miu 

chlorldo, and t& luction mixture YU rcidifid to pH 7 by IN Bcl, TAI -W, and utr=td 

with rthylam dichloride. After uruml work-up and purification on m ahort *ill- pl Colrrr. 

(3S)-3-nthyl-3-ousolidinyl-@l~ctn (13b) YU obtminod in 95X yimld (713 q, >99.5X d.m. by 

EPLC~ houm/AciXt - l/3) . . colorlm~ solid. 

13mr 95X yield; D.P. 214-216°Cg (a);’ +22.8’ (c 1.2. cBc13)z +i-HIR (CDC13) b 1.58 (I, 38). 

2.82 (a, 3iI). 3.77 (1. 1E). 3.83 (m, la). 4.50 (w lE), 4.51 (m, ll?). 7.1-7.5 (B. 1OE)r IR (KBr 

disk) 17SO0, 1730 (KZ-0) CD-~. Arul. tiled. for C2~2~203r C, 71.411 8. 5.99; N. 8.33. Focmdr 

C. 71.461 A, 6.07; N, 8.33. 

13br 93X yioldr ..p. 249-25O’Cfi [al;’ +47.2’ (c 8.0, Q?C13); +I-tWR (CDC13) 6 1.51 (m. M). 

2.85 (8. 3E), 3.79 (m, ZR). 3.91 (m. 3E). 3.92 (a, 3E), 4.40 (w la), 4.43 (s. ill), 6.6-7.4 (w 

88)~ IR (XBr disk) 1760. 1745, 173s (vole) cr-‘. Anml. &lcd. for C221’124N205’0.25E20r C. 
65.908 Il. 6.16; N. 6.99. loundr C, 65.83~ II. 6.171 N, 6.92. 

-of g 3- - u&l 

Thm rthylmtad B-lactou (U) WIY c-rtd to th corrupondi~ W-ntbylnidu of Q- 
rthyl-a-aino l cidr (14) thra@ thm edified Birch reduction in ti m -r l s ducfikd 

for tin l ynthuis of 11 and 12. 

l&r colorloor liquids Ial~o +M.SO (c O.S. CECl3); Ill MR (CDCl3) b 1.35 (broad l , 2If). 1.37 

(a, 3A), 2.63 (d, J-13.2 Ex, M), 2.73 (d. J-4.9 Ex, 3E). 3.36 (d. J-13.2 Ex, lH), 7.1-7.5 b. 
6E)g In (nut) 3325. 3300(~), 3200(s) (VNB). 1645 (X-0). 1530 (b!Ul) cr-‘. Anal. bled. for 

C111i16N20~ C, 68.71; 8. 8.39~ N, 14.57. Poundr C, 68.83~ 8, 8.40; N, 14.66. 

Mb1 colorlasa liquidz (01~~ -4.68’ (c 4.2, QK13)g &UfR (ClMZ13) 6 1.38 (s, 3E), 1.40 (broad 

a. 2E), 2.48 (d. J-13.3 IIs, lE), 2.74 Cd, J-4.5 Br, 3E), 3.40 (de J-13.3 Ez, la), 3.83 (a. 3R). 

3.95 (m, 3H), 6.67-6.92 (m, 3E). 7.47 (broad d, J4.5 Em, 1E)r IR (nut) 3325. 33OO(*), 3200(a) 

(vile). 1645 (m), 1505 (a) a-1. Arul. tiled. for Cl3820N203: C, 61.88; 8, 7.991 N. 11.11. 

loundr C, 61.77~ 8, 7.89; N. 11.30. 

m of l-I(S)-1-(t-t - ~lhtbll-os.uI-3-b' 4-dmrlmmts4ia-2~ w 

A rhtura of t-butyl brnrylidru-(S)-•kninmto (8.25 X, 35.5 -1) mnd triethylaiw (7.35 

X. 72.0 -1) in dichlorartk (50 It) warn ddd dmpuir . l olutl0n of phmnoxymcotyl 

chloride (12.1 8, 71.0 -1) in dichlo-thmna (SO rL) l t -78’C over a pariod of 30 rin with 

stirring. Tbm ruction mixture YU l lloud to warm Xradumlly to roa taparatura with l tlrring 

for 12 h. Ih vtioa YU quonchod b Ulq rthanol (10 mL). A rum1 mark-up follond by 

chrout-rmphy on milka ~1 (ml&) JLcMtti - l/10) @vm (3s.4u,1’s)-l3-lrctr (16 5.22 

8, 40.1X) md (3R.48,1’9)-B-lactr (16’g 5.20 *, 39.9X). 
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16: color1.a~ crystala; ..p. llO-111%; [al80 -20.9’ (c 1.0. CECl,) ; ‘il IQlR &DCIJ) 6 1.42 

(a. 9ii). 1.70 (d. J-7.5 8x. 3H), 3.85 (q, J-7.5 At, lH), 5.02 (d, J-4.6 Hr. lE), 5.43 (d. J-4.6 

Rx. 1H). 6.5-7.5 (m, 108); IR (XFir diek) 1755 (vC-3,). 1735 (K-0) cm-‘. 

16’ : colorl.s8 cry.t.l8& a.p. 114.5-115.5oc~ [al;5 +4.7O (c 1.0, CHc13); 1H rwR (CDC13) 6 1.11 

(d, J-7.4 Rx, 3H), 1.49 (s, PA), 4.56 (q, J-7.4 Rx, II), 5.25 (d, J-4.7 tb. 1H)r 5.49 (d, J4.7 

Hx. 1H). 6.5-7.5 (m, lOA); IR (Ur disk) 1750 (v+O). 1730 (uC=O) cm-‘. 

Although w. used 16 for tha synthwia of CR)-a-mthylph.nyl.l.nnin. vi. th. .sFtric 

.lkyl.tion hrn, 16’ Sivu (S)-a-rthylph.ayl.lmim thrayb ttm sma procadurm. 

To . solution of B-l.- ut.r 16 (200 ~pg. 0.545 -1) in MI (15 mL) Y.. xddd 1.0 

equiv.lont of LDA (1.53 mL of 0.355 N ~lution in n-hu.n&KF) .t O-5 OC ubd t.h. mixturo vu 

stirr.d for 5min .t ttn wu tqr.tur.. l’h. ruction .yMr YU cooled to -78 ‘C and 3.0 

l quivalmt of buwyl brceidm (280 a, 1.63 rol) VU addmd. Tim reaction rlxturm YU mtlrrmd 

at -78 ‘C for 5 h and qumnchmd vith l uturatmd rthmnol solution of eiu chlorid. (2 mL). 

Aftor th. solvent YJJ wqorated. tha rsaldua vu utracti with .thyl .c.t.to. u.sh.d with 

brim and water. dried over anhydrous sodirn su1f.t. , and rolwnt ruovd to Rive crud. .lkyl.- 

tfon product. Th. ‘H WR ruiq tolwn. JS tha intsrn.1 atmd.rd 8hw.d th. fomtion of 17 in 

96X yield. Tho ‘ii )+IR ahowed thm forvtion of only on. di.atmrmr, th. other laorr YJ~ not 

d.t.cted. Afcor purific.tlon on J aillc. 8.1 calm. .n.lytlc.lly J* veil JS optically pure 17 

(203 q, 82X yield) YJS 0bt.in.d. 

17: colorlaas l olidg m.p. 101-102 ‘C; [a]D -1.7’ (c 2.78, CH2C12); lH- M4R (CDC13) 6 1.19 (a, 

3H). 1.53 (1, PH), 3.01 (d, J - 13.5 Hx. 1H). 3.45 (d, J - 13.5 Hr. lH), 4.27 (d. J - 4.7 Hx, 

lH), 5.19 (d. J - 4.7 Hx, 1H). 6.60-7.50 (n. 15H); IR (KBr disk) 1750. 1730 (K-0) u-l. Anal. 

C..lcd for C29H31W4z C. 76.14; H, 6.78; N. 3.06. Pound: C. 75.961 R, 6.70; N. 3.08. 

A solution of 17 (230 a, 0.5 -1) in H&H (10 mL) vu .dd.d to 10X PI-C (60 a) in J 

standard hydroganolysis xppxratua ad the rixturm vu hutod at 50 ‘C for 8 h wtth stirrina. 

Thx pr0gr.r‘ of the re.ction YJ~ mnltorod by TLC. Aftmr thm reaction ~a* caplstmd, thm 

c.t.lyat YJ~ filtsrd .nd th. solwnt YU .v.por.td to #iv. th. oorrsapondinp dip. tid. dsri- 

v.tiv. (18) in nearly qu.ntit..tiv. ylold (229 lp~, 99%): b colorl.so vl.cow oils IolD -13’ 

(c 0.81. CHCl,); ‘H FMR (CDC13) b 1.39 (s. PN), 1.55 (#. 3H). 3.11 (d. J-13.6 Hr. II). 3.12 

(dd, J-14.2, 8.0 Hz, la), 3.33 (dd. J-14.2. 3.3 Rx, 1H). 3.56 (d, J-13.6 Hx, II). 4.62 (dd, 

J-8.0, 3.3 Hx, 1H). 6.6-7.4 (m, 16H); IR (n..t) 3360 (VilR). 1715 (vC-0). 1665 (vC-0) cm-‘. 

A rrupawion of 18 (150 (18, roll in 6N EC1 (mL) in J Fyru qul. was hutad xt 12O’C 

for 48 h. Hydrochloric .cid YJJ rwvmd in vacua. -- Uatmr (5 mL) YU .ddod to th. solid r.ridw 

.nd .xtr.ct.d with .th.r (5 mL x 2) to r-v. th. rwulting 2-ph.noxy-3-pbnylproplnoic .cid. 

Th. .quwua 1.y.r YJ~ c0ncantr.t.d ln VJCUO to drynmsa yl.lding whit. poudar which gava a pai- -- 
tivs ninhydrin teat. Thx white powder. i.0.. CR)-a-athylph.nyl.l.nin. hydrochlorid. (nurly 

qruntlt.tlv. yield), YJS dissolved in w.t.r md pused through .n ion l xchanyo collr, (Dowox-3) 

to give frrs CR)-a-rthylphmyl.l.nin. (50 %a 85.5%) .a vhlt. solid: 

H20) [lit.” [al:’ 

[al;’ +20.5 + lo (c 1.0 * 
-20.7’ (c 0.805, H20) for S iraar]; ‘H Ml (D20) 6 1.90 (s, 3H); 3.30 (d, 

J-14 Hr. lH), 3.7 (d, J-14 Hz. lH), 7.6-7.8 (m, 5H). 

In J -at simi1.r to tht doscribd for thm l avtric .lkyl.tion of 16. 4m-(3R,4S,l’S) 

YJS d.pr0ton.t.d by LDA (1.0 .q.) .t O°C in ‘Iw followd by th. ddition of bonxyl braid. (3 

.q.) .t -78OC to Riw 19 (>99X d.o.1 in 90X yi.ld. 

19: colorlea. n..dl.sg l .p. 200-200.5 OCI Ia1~“-400 (c 1.0, CH2C12); ‘H M tCDC1,) 6 1.31 (a. 

3H). 1.51 (., PH), 2.93 (d. J - 13.4 Hr. 1H). 3.29 (d, J - 13.4 Hx, ll), 3.90 (m. II). 4.10 (me 

2H). 4.23 (a. 2H). 6.90-7.70 (m, 15H); IR (KEir disk) 1780. 1755, 1740 (vclo) cm-‘. An.1. C..lcd 

for C32H34N205: C, 73.00; 8. 6.461 N, 5.32. Found: C. 73.00; A, 6.601 N, 5.32. 
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Rw &protection of t-butyl ester moiety of 19 vu csrrled out by rutting 19 (400 -1 

with trifluoroecetic scid (RA, 2.0 mL) in dichlorolsthane (10 rL) st room twratura with 

stirring for 1 h. Ths raovsl of T?A snd ths solveat ln vacua )sve C-terminus ftw 1) la _- 
qusntitative yield. The reductive clesvsXe of tha f5-lscta ring u well as ths deprotection of 

N-terminus uere carried out by usln~ the modified Birch rductioo in l sseatielly ths UM 

unner u thst described for thm synthuis of 14 from 13. Thus. to s dark blw solution of 

lithiur (13.8 -, 2.0 -1) in liquid -is (20 rL) wss sdded s solution of C-terminus from 
19 (200 q, 0.43 rol) sad t-DuOI! (150 mg, 2.0 ool) in MI (8 mL) at -78 OC end the mixture 

was stirred for 5 min. The reaction was quenched by adding solid -1um chloride (100 rp) at 

-78 Oc. After ths solveat ues raovsd th ruidue vu diuolvod in water (5 d), acidified to 

pH3 end vssded with ether (10 mL X 3). Ths aqueous layer vss neutrslired vlth O.lN wnim 

hydroxide snd chrged to an ion exchange colon pscksd with tknmx SO-X8. After inorganic sslts 

were vsshed out vlth water. 20 was obtsined fra 0.1 emoniu hydroxide l lute, which wss 

monitored by HPLC (Waters Su-Sphericsl Cl8 colon, HeOH/O.lN H840Ac - l/l v/vi pft wss sdjustod 

to 5.0 ulth AcOIl). Recrystslllrstion fra hot water gave 106 mg (76.3X) of pure 20 (>W.SX 

d.e.1. 

202 l .p. >2SO°C; colorless needles1 la12~ +4s” (c 1.5, HeOH) 1, MtR (%oD) 6 1.56 (s, 3P). 

2.77 (dd, J-8.9, 14.2 Rx, la). 2.18 (dd, J-8.5, 10.7 Rx, la), 2.87 (dd, J-S.8, 14.2 Hx, 16). 

3.26 (d, 3913.3 Hx. 1H). 3.35 (d, J-13.3 Rx. lit), 3.99 (dd, J-5.8. 8.9 Ht. la), 7.0-7-S (m. 

10H) (ROD sppurs st 6 4.92 ss s broad singlet); “C M (CD30D) b 26.32. 38.85, 42.72. S6.24, 

63.78. 127.44. 128.57. 128.W. 130.02. 130.39. 131.15, 136.29. 139.23. 168.53. 179.07. 
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