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STEREOSELECTIVE SYNTHESIS OF ISOVALINE (tVA) AND IVA- 
CONTAINING DIPEPTIRS FOR USE IN PEPTIDE SYNTHESIS ’ 
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St. Johanns-Rlng 19, CH-4056 Basel, Swttzeriand 

(Recrhxd in Germany 4 May 1988) 

Abstract The stereoselectlve synthesis 01 1SOVallne (2-amino-2-methylbutyrlc acla) and the 
stereocncmlcal pathway vla the key Intermedlatc 2 Is descrlbcd For use In peptlde synthesis, thls 
a,a-dlalkyl amlno acid Is incorporated into N-protected dlpeptlde derlvatlves In high yields. Special 
emphasis was put on the upscallng-problem 

Due to their pronounced hellx-lnduclng potential, some a.a-alalxyl amino acias have attracted great 

attention In the design 01 peptlaes with tallor-made conlormatlonal features2 Several routes for the 

stereoselectlve synthesls 01 these conlormatlonally constrarned amlno acids have been reported over 
the last few years.3 However, COnvenlent methods for the preparation in large scale needed for their 
Incorporation into peptides are St111 .lacklng.4 We describe here an efficient procedure for the 

synthesls 01 both enantlomen 01 ISOValtne, the optIcally active homologue 01 the well-known Aibs 
Further, thelr conversion into ootlcally active dlpeptlde derlvatlves which are key Intermedlates In 
oeptlde chemistry Is reported.6 

Thls synthesls takes advantage 01 the “prlnclple 01 sell reproduction of cnlrallty centers’, introduced 

by Seebach et al 3, a strategy exhlbltlng some lavourable features. Both enantlomers 01 the ammo 
acid are equally well accessible (vlde Inlra). Tne dlastereoselectivltles of the alkylations are gooa 
Addttlonally, the by-products 01 the hydrOlyslS Of hettrocycllc compounds sucn as 2 can easily be 
removed For the SyntheSlS 01 an @a-ethyl-methyl ammo ma, the oxazolldinone derlvative 1 proved 

to be a most useful intermeaiate In particular, the hlgh stereoselectlvlty in the rrng closure reaction 

and the ease 01 Isolation should be mentlonea.7.e 

Startlng from 09 mot 01 D-alanlne, 1 was obtafned wlth a 50% yield by a single crystalllzatlon step 
from Cl+CI,/Et$l In the final stage 01 tne syntnesls ‘.b No otner dlastereomer could be detected by 
lH-WIR (400 MHz) and the [al ‘0” -value 01 -220’ (c= I 0, CHCI3) agrees well with the one obtained by 

Fade1 and Salaun for the enantlomer of 1. 

Alkylatlon 01 the llthlum enolate 01 1 with ethyl lodlde was llrst unsuccessful, posslbly because 01 

rlng-openlng leading to an N-acyllmlntum specleso A further problem was the lablllty of 
conllguratlon at C(21.10 Alkylatlon without cosolvent or workmg with a delay perlod of I nr or more 
between generatlon 01 the enolate (either by means 01 LWIDS or IDA) and addition 01 the electrophlle 
resulted In Vying amounts of racemic alkylatlon product (2 and Its enantlomer). Moreover, the 
dlastereoselectlvity 01 the alkylatlon reactlon could not be determined by standard gas 
chromatographlc analysts because 01 extensive and non-reproducible slgnal-doublmg (presumably due 
to epimerlzatlon at C(2)) 
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Elaboration of this key step resulted In the procedure outlined In scheme I (see also experimental 

procedures), glving access to compound 2 in comparatively good yleldssa 

1tlF/Hszw1r/HMPA, -75. CQIC. HCI 

rrflur 

SOC12/CH30H 

/ 

-10’ I 50’ 

H$ H : x/ HN 

% 

COOR Boc - Ala-MA I NMM Cle H$ 
COOCH3 

I)=-HN 
0 

CH,CH2+ 
TIiFl DYF, - 15.125. -r( ‘CH) 

CH3+ 

5a R . CH3 - 
5b ReH - 

4 - 

ParsPeYve dmwlng of 2, dorival from the X-ruy m)ysis. 

The relattve conflguratlons at C(2) and C(4) In compound 2 were determined by single Crystal X-ray 

analysis (figure l).tl The absolute configuration at C(4) was established by gas chromatographlc 
analysis of a derlvattve of 3 on a chlral phase12 and by optical rotation ([cc?o” = -10 5*, c=2, y0, raw 

product 11. According to these results the electroohtle (Et11 approacnes the enolate from the Re-slde, 
1 e trans to the phenyl group at C(2) (ul-l,3-course of reaction). Furthermore, thls allows us to 

deduce the stereochemistry of 1 (as well as its enantlomer described by Fade1 and Salauf+) on 

grounds of the stereochemlcal course of similar alkylatlon reactions.& 

After nydrolysls of 2 a simple extractlon witn Cl+$Zl2 removed the by-products benzaldehyde and 
benzolc acid7 The hydrochlorlae 3 was converted lnto the methyl ester 4 by the method of Brenner’s 
(the reaction was repeated twice). From 4 the N-protected dlpeptide derivatives 5 were prepared (cl 
exoerlmental procedures) As the N-protected dlpeptlde acid 5Q is the reagent of choice for the 
lncorporatlon of lva into larger peptldese, the mam purification was carried out at this stage Gas 
chromatographlc analysis (W. A. Kbnlg) of a hydrolysate of 3 gave an ee-value greater than 99.8% for 
lsovallne 

We may conclude that the orocedure described represents-an efticlent strategy for the synthesis of 
optlcally pure isovallne-containing derivatives for use in peptlde synthesis. Most notably, this 
approach can equally be applied to the synthesis of the enantlomer of 3. 1 e VSHsovallne hydrochlorl- 
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de, by starting from L-alanrne for the preparatton of the enantiomer of 1 We have focused on tne work 

with (RI-isovaltne as thfs cnantiomer is especially suited for stablllzation of a right-nandea hellxa 

Melting points were determfned with a hot-DlOCk FitCrOSCOfE an5 are UnCOrreCted ODtM rOtatIOnS 

were recorded on a Perkln-Elmer 141 potarlmeter. iR spectra were recorded on a Perkin-Elmer 781 

SPectroDhotometer &ll? spectra were measure5 on Varlan EM 390 and VXR 400 spectrometers usrng 
tetramethyls~lane as lnttmal standard Mass soectra were determined on a VG 70-250 

- _ _ - 

A 0 4 M solutton of .j. in THFIlflPA (4. f , v/v) at -75’ C was added over 20 minutes Dy AT-pressure to a 

pre-cooled (-75.C) solution 01 LWDS (lithium hexametnyl5ls~lazlae) in THF/hexane (3.1, v/v, 0 4 MI 

After 10 minutes I.5 eq. of freshly dlstltled etnyl iodtde was added in one portton Tne mtxture was 
sttrred at -75’ C (3 hrsl and then allowed to warm up to room temperature overnlgnt Hair-sat NH&l- 

solution was added and the THF removed In vacua Then, Et$ was added an5 tne pnases separate5 Tne 
organtc layer was wasned wlth NaHCOs- and half-sat NaCl-solutlons After drying (N%SO4), filtration 

and removal of the Solvent, the raw product was suspended in Etfi (2 could also be purified by 
CiyStallfZatlOn from 1SOprOWnOl 1 Compound 2 was obtatned with a 90X yield from 240 mmoi of 1 A 

5S-Value greater than 95% was estimate5 by ‘H-NMR (400 MHz1 for the raw product By means of a gas 
cnromatograpmc analysis 1W A Konlg) of a hyarolysate of 2 less than 0 1% of ($1~rva was found 
Vi-?#lR COMSO-&, 60’ C, Mppm) 7 4-7 05 f 1 OH, m), 6 9 1 ( 1 H, s), 2 45-2 2 ( 1 H, 1 95- t 8 (41% broad); 

In). 0 99 t3H, t, J-7 5Hrf lsC-NHR UY’ISO-&. 60’ C, Il/ppm) 174 1, 168 2 (DrOad). 136 3. 135 8. 129 6, 

129 3; 128 3, 128 0; 126 6, 125 9, 89 4; 63 6; 28 6 rbroaa,, 23 9 (broad). 8 2 nS (C I. I#$, m/z) 3 10 

(m+* 1), 294, 264, 210; 162; 160, 122, 108; 105, 94, 85, 72 IR (KBr, v/cm-‘) 3060, 2970, 2930, 
2870; 1785, 1650 f@o”-181’ (c*l 2, CHCl$ mprl41-1425’ C C$i$Q requires C.73 77; H,6 t9, 

N,4.53 Found L73.61, H,6.22, N,4.47. 

ide 3 Q&l*(R)-lva-Qtil, 

150 mmol 2 were suspended tn 500 mt cone HCl-solutton. After an argon flush, the rn~xture was 
heated under reflux for 3 hrS under Ar. After flltratlon and removal of the Hfl-solution, the wnlte 

oreclpttate was dried over P&/KOH The raw product (quantitattve ylela) was converted into the 
ester wttholrt further ~urtfication 

ide 4 (HO-R) Iva - - OCtj& 

Freshly diStllle5 SO& ( 1 I eq 1 was added slowly at a temperature c-5’ C to a solution of 3. an5 dry 

CH$ti (7 5 eq 1 The mixture was heated under reflux for 3 nrs. Thereafter, I eq of SOCQ was addea at 

a temperature c-5” C, followea by heating under reflux (2 nrs). This was repeated once The solvent 
was removed in vacua, then 7.5 eq. of ary CH$H were addea and evaporated. 4 was obtained with a 
nearly quantltatlve ylel5 and used wltnout ourlflcatlon In the synthesis of tne atpepttaes 
Free isovaline methylester ((R)-lva-OCH$ was obtained by the foliowrng proceaure. 4 togetner wrth l 

eq. di~ctohe~l~~ne was thoro~~y mfxed and dtsti?led at 10 Torr. The yield (50 mmol) was 65X 
(from 3). 
fH-MlR COnS&&, SO’ C, Iyppm). 3.61 (3H, 51, 1.75-t 65 (2H, broad), 1 63-1 43 f2H, ml, I 18 (3H, s), 

0 78 (3H, t, J=7 5 Hz) lsC-I#f? (DMSO-Da, 50’ C, Uopm). I77 4 (s), 57 6 (s), 51 5 (ok, 33 7 (t); 25 4 
(q); 8 3 (a) lrr)bt=-9.2’ fc=3 0, CHCl3) bptora=55-62’ C. 

.._ _ _ _ oH(5blt4 

A 05 M solution of 4 and I eq Nm (N-methyi-l,4-morOh0llne~ In M: was a55ed after 3 minutes to 
the pre-formed mixed anhy5ride (MA) of Boc-alanlne and isobutyl ~torof~rnate f 1 eq , 1 MI together 
with i eo. m inTHF at -15.C After thr at -15*C, O*C an5 room temperature resp , tne usual work- 
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UD gave 5a as a vtscous oli HyUro~ysis of 5a In CH$W2 M NaOH (2: I, v/v, 3 eq. base) for 90 minutes at 
40” C gave pure & (30 mmol) with a 80% overall yield from 2 after workup and crystaRfration from 

CHsCN or CHstQ. 
W-NtlR Ccr?sO-&, 25’ C, b&pm) 12 7- 12 5 ( t H, broad), 7 60 ( itI, s); 6 99 ( lli, 6. J-7 5Hz); 4.0-3 8 

( lH, m); 2.0-I .7 (2H, ml; I 38 (9H, s); I.35 OH, s); 1 15 (3H, d, J-7Hz); 0.73 (3H, t, J-7 5Hz) WI-NlR 
(CD&, 25’ C, I)tppmf 176 9 (~1, 172 7 (~1, 156.0 (sf; 80.6 ts); 60.9 Cs), 50.1 ((11, 29 I 01; 28 3 (4); 22.7 

(~1, 18.6 (q), 8.4 (~1. MS (F&3, glycerol, m/z): 289 (m** I), 233; 21s; 189, 187, 133; 118; 93. IR fKfP, 
v/cm-f) 3370; 3290; 2980; 2940, 2880; 2540, 1720, 1630 [a&+‘-45 (c-1.2, CFbOH). 

C ~3Hz4N~/O.37.Ch3~2 (1 H-t#lR) requires: C,S I .65, H,8.14, N, IO 68 Found C,5 I .34; H,8 27; N, 10.36. 
Gas cnromatographic analysis (WA Kontgf of a hydrolysate @fl HCI, I lo‘ C, 24 hrs) of & Q&J-NH-CO- 
Iva-G-‘Pr derlvatrve) on a XE-6O-L-va~~ne-~S~~-~henylethylam~d phase gave an ee-value ,99.8%!. 

__ - ” 

This diastereomcr of & was obtained wltn a 75R yield (250 mmol) according to the described 

procedure. However, crystalllzat~on from AcOEt was most convenient. 
W-NtlR CCmSO-&. 25’ C, &pDm) 12 6- 12 5 ( I H, broad); 7.64 ( 1 Ii, s); 6 95 ( 1 H, d, J-7.5Hz); 4.0-3 8 

( 1 H, mt, 1 95-l 7 (2r1, m), 1 38 (9H, s); 1 36 (3H, s); 1.16 (3h, d, J-7Hz); 0.74 (3H, t, J-7 3HzI. tSC-NMI 
(DMSD-De, 25’ C, &&pm) 1750 (s), 171 7 fs): 1549 (s); 780 (s); 586(s); 497(d); 28.&t); 28 1(q); 

2 I 9(q), 17 9(q), 8 O(q). tlS (FAB, glycerol, m/z). 289 tm’* I I, 233, 189; 133, I 18. IR MEW, v/cm-lI 
3360, 3337, 2990, 2950, 2890; 2535, 1725, 1715, 1635, 1540, 1510. [afro’=-32’ &=I. I, Ch30H) 
[ore’=- 14’ (c= 1 0, DMF) mp* l62- 166’ C ClSH24N2q5 requires C,54. IS; H,8 39; N,9.72. Found C,54.27, 

H,8 49, N,9 70 
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