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Abeact Tk. synthesis of a ttcxncehiral tzqedlsuhsdtuted s-acid is desaikd from norl- us@ 
stereospecific alkylatiott of a homocbM 0xamMhae enolauz an qticalty auk pse~de. analogne of 
CCK-4 is prepared to show aa applicatioo of such diamiiacids. 

We have reported on our progrsmme of synthesis of cyclic amidine-containing amino-acids 1, of 

interest both as pseudopeptidesl (with amidine as an amide bond replacement) and as natural products (1; n 

= 2).2 We wished to combine this strategy for peptide mimetics with the known ability of a,a-diiubstituted 

amino-acids to limit conformational mobility,3 for example to favour reverse turns, and thus defined cyclic 

amidines such as the 4(5)-substituted 4(5)-carboxyimidazolines 2 as targets. We further required these 

molecules to have a defined single configuration at the pseudo-a-centre, C-4. A ptelirninary target was 

therefore the stereodefined synthesis of o+disubstituted s&diamino-acids 3. Our strategy, drawn out 

below, is the use of a homochiral amino-acid a-nucleophile synthon4 with a C+N electrophile. There is only 

one report of the use of these nucleophiles in a,$diamino-acid preparation5 for the special case of proline 

with the very reactive iminium electrophile, CHz=N+MeZ. We report now our generally applicable 

preparation of an example of 3, having R2 = (CH&Me, as either pure enantiomer, and the application of 

one enantiomer for the assembly of a homochiral CCK-4 mimetic. 
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We chose to use the oxazolidinone approach (Scheme 1). Thus R-norleucine 4a was converted into the 

N-benzylidene imine (PhCHO. 1~ NaOH aq.-EtOH; 95%). which on N-benzoylation (PhCOCl. CH$12, 

-20°C) afforded the oxazolidinone (76%) as a mixture of two diastereoisomers 5s and 6a (1:3 by tH n.m.r. 

spectroscopic examination). Under these conditions of oxazolidinone assembly,&7 the major product is the 

u&-isomer 6a which can be isolated pure (56%), [a]D 25 -201.4 (c 1.17 in CHC13) on tecrystallisation of the 
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Reagants: i, PhCHO, 1M t#aOH aq.-EtOH; ii, PhCOCI. C&C&, -2O’C; then separate bend 5 by crystailisatim; iii, 1 M 
Lii(SiMe& THF, -78-C -_) -WC, N-bmmomet hylphthelimide; iv, 40% aq. HBr, MUX. 

mixtuE.8 The anti dative configuration of 6a was confirmed by observation in the lH n.m.r. spectrum of 

n.0.e. enhancements of the signals at 6 1.45 and 1.75, CH2, on irradiation of the signal at S 6.9, C-2(H), and 

of the signal at 8 5.15, C-4(H), on irradiation at 6 7.4, Ar-H. The pure enantiomeric oxazolidinone 6b, [a],,23 

+201.4 (c 1.02 in CHC13). was similarly ptepated from S-norleucine 4b via the imine (99%), acylation 

(75%) and crystallisation of 6b (56%) from the 3: 1 mixture with its epimer 5b. 

C(u)-Alkylation of the oxazolidinones was achieved under strongly basic conditions (lithium hexa- 

methyldisilazide, THF, -78” 3 -65°C to ensure solution of the anion) with N-bromomethylphthahiide as 

electrophile; loss of the enolate orange colour evidenced alkylation. Thus oxazolidinone 6a afforded 4,4- 

disubstituted derivative 7a (89%), [u]~ 23 -174.8 (c 1.0 in CHC13), whilst 6h gave 7h (88%) [a]~25 +174.9 

(c 0.55 in CHC13). That akylation occurs anti to the 2-phenyl substituent6 was confirmed by observation in 

the 1H n.m.r. spectrum of, inter alia, an n.0.e. enhancement of the signals at 6 4.3 and 4.7 for the CH2- 

phthaloyl protons on irradiation of the signal at 6 6.4, C-2(H), and vice versa. Thus aminoalkylation of the 

original norleucine residue has been accomplished with overall inversion. The a,a-disubstituted a$- 

diamino-acid was liberated in one step by an acidic hydrolysis [40% w/v aq. HBr at reflux, 3h; then 

Amberlite IR-120(H)] that cleaved the heterocyclic ring and the N-benzoyl and N-phthaloyl protecting 

groups to give, respectively, R-enantiomer 8a (86%) [aID +5.9 (c 1.01 in H20),9 from 7a, and S- 

enantiomer Sb (86%), [a]# -5.7 (c 0.28 in H20), from 7b. The pureR-enantiomer Sa was converted into 

the methyl ester hydrochloride salt (AcCl, MeOH, reflux 16 h; 2-3 successive treatments were required), and 

thence by baslfication (NaHC03 aq.) into the free diamino ester 9 (75%).9 

The application of the optically pure a,a-disubstituted a,&diarnlno-acid was illustrated by the conversion 

of R-enantiomer 8a into an optically active pseudotetrapeptide Z-Trp-W[Im]Nle-Asp-Phe-NH2 10, of interest 

as an analogue of CCK-4, the C-terminal tetrapeptide H-Trp-Met-Asp-Phe-NH2 of cholecystokinin.lb~lO. 
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Thus the piperidine thioamide 11 was prepared (Scheme 2) from N~benxyloxycarbonylS-tryptophm as 

reported previously (72% ovetall). SMethylation (I&I, neat, reflux 16 h) affotxled a thioimidate that was 

treated directly with &iiaminoester 9 (MeOH, reflux) to give the dihydroimidaxole 12 as an insepamble 

1: 1 mixture of diastemoisomers, epimeric at the a-carbon centre of the tryptophan residue. Proton exchange 

at the C-atom attached to C-2 of dihydroimidaxoles is well precedented.l~lt Protection of the amidme ring 

(Boc20, NaHCoj, aq. THP) to remove its basic/nucleophilic properties, was necessary for further reactions; 

chromatographic separation of the two diastereoisomers 13ah was then possible, and they were thereafter 

taken forward separately.t~t3 Quantitative hydrolysis at the C-terminus (0. 1M J.,iOH aq.-THF) was 

followed by generation of an active ester (pentatluorophenol, DCC, EtOAc; 86% in each series) and 

coupling with H-Asp-Phe-NH2 (EtsN, DMF) to afford the separate protected pseudotetrapeptide diiteteo- 

isomers Ma/b (97 and 62%. not necessarily respectively). Deprotection at the N-terminus (Hz, Pd(OHh, 50 

psi; 98% in each series) and of the cyclic amidine (TPA, thioanisole & EtSH as cation scavengers; 84% in 

each series) afforded the separate pseudotetrapeptide isomers 10a and lob as trifluoroac&ate salts.l4 

We have thus demonstrated a stereosekctive route to a-quaternary a$-diammo-acids, useful in the 

assembly of modiied peptides and analogues. The support of SERC and Parke-Davis Neuroscience 

Research Cemre (studentship to A.K.C.) is gratefully acknowledged. 
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(Z = benzybxycartxql; Boc = t-butoxycarbonyl; Ind = &indoiyi) 

scheme2 

12b 

Magenta: i, pmtafluorophenol. EC, CH&h, 0-C; then pipwidine, 0-C; ii, La wesson’s reagent, toluene reflux; iii, Mel 
neat, reftw 16h; than diamino-eater 0, MeOH. refbx 1% iv kx@, m, aq.-WF; then separation by cdumn 
chmmatogmphy; v, O.lM LiDH aq.-THF; vi, pent-, DCC, EtO& than H-Asp-Phe-N& EbN, DMF; vii, &, 
50 psi, Pd(OHh on C, MaOH; viii, TFA, thioanisoie & ethanediibl, 0% + 25%. 
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The two isomers 13a and 13b were diostereoisomers, and a single regioisomer was formed with respect 

to the t-butoxycarbonyl (Boc) group. Thii was confiied by acidic removal (TFA) of the Boc function 

from the separated isomers 13a and 13b which gave in each case a single product dihydroiiidazolc salt 

distinct from the other, i.e. the separate diastereoisomers of 12 (c$ also ref. 14). The location of the Boc 

protecting group (N-l vs. N-3) is not yet known, and is drawn arbitrarily in Scheme 2 on the least 

hindered nitrogen atom. 

It was not possible to determine which of the separated diastereoisomers 13a and 13b had the S and 

which the R configuration, at the tryptophan a-carbon centre. 

Whilst the dihydroimidazoles 10 axe kept as salts. no epimerisation takes place at the tryptophan a- 

carbon centre. 
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