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The complete resolution of enantiomeric. tertiziry4eucine derivatives by 
gas-liquid chromatography 

Optically-active-dipepticle stationary phases have been shown to separate 
enantiomeric pairs of amino adids l+. Phases in current use are N-trifluoro-acetyl (TFA)- 
r,-valyl-Y,-valine cyclohexyl esterI-“, N-TFk-L-~l~enylalanyl-r,-leucine cyclohexyl 
ester+-; and N-TFA-L-valyl-L-leucine cyclohexyl ester? 

The nature of the interaction between phase and amino acid involves steric 
considerations as well as the formation of a hydrogen-bonded cliastereoisomeric com- 
plexO, Particular difficulties arise in the separation of D,L-Wt.-leucine derivatives (I) 
which have never been resolved by gas chromatography (GC). 
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Previous attempts at Separating D,L-hW!.-leucine erlantiomers on optically active 
phases have encountered difficulties due to the bulky nature of its side-chain pre- 
cluding proper steric orientation with the dipeptide derivative; however, the other 
leucine isomers, norleucine* , isoleucine ancl leucine itself are very well separatedD. 
The influence of the alkyl group attached to the asymmetric carbon of the solute 
seems to be fairly complex and very dependent ‘on the positions of branching. The 
substituent is primary in norleucine, secondary in isoleucine, and tertiary in tert.- 
leucine. Leucine has an isobutyl group attached to the or-carbon. 

Since stationary phases with bulky groups attached to the a-carbon of the 
clliral solvent did not resolve D,L-tert.-leucine derivatives (e.g. N-TFA-r.-valyl-L-valine 
cyclohexyl ester, N-TFA-E-phenylalanyl-L-leucine cyclohexyl ester), phases with less 
bulky groups should be able to achieve the desired separation. 

We wish to discuss the behavior of two new optically active dipeptide phases 
in the resolution of N-TFA-D,&erl.-leucine isopropyl ester by capillary-column GC 
and possible applications to the preparative scale separation of D- and ll-ter~.-leucine. 
N-TFt-\i-L-alanyl-t-alanine cyclohexyl ester (Ala-Ala), a phase with the smallest sicle- 
chain possible attached to the asymmetric carbon, and N-TFA-L-norvalyl-r,-norvaline 
cyclohexyl ester (Norval-Norval) * *, with It-propyl groups, have been synthesized and 
used as stationary phases in the GC separation of enantiomeric amino acid 
derivatives. 

Roth dipeptide derivatives were obta.ined in good yield by coupling the N-tert.- 
butyloxycarl~onyl(BOC)amino acid hydroxybenzotriazolatel~) esters with the cyclo- 

* Norlcucinc -= u,L-a-aminocal~roic acid. 
l l Norvnlinc = L-ac-aminovalcric acitl. 
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hexyl esters of the appropriate amino acids in the presence of dicyclohexyl carbo- 
diimide; renoving the BOC group from the resulting dipeptide and adding the TFA 
group to the free amino terminus”O. 

The GC experiments were carried out using a Varian Aerograph 1200-1 instru- 
ment with attachments for a capillary column and flame ionization detector. The 
columns employed in this investigation were 400 ft. x 0.02 in. I.D. stainless steel 
and were coated .with IO o/o solutions of the dipeptide phases in ether. Both phases 
were investigated at temperatures of IOO and IIO’ (See also Table I and Figs. I and 2) 
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Fig. I. Chromatogram of N-TFA-amino acid isopropyl cstcr with N-‘l..l’l-\-L-llorvalyl-L-norvalint 
cyclohexyl ester (Norval-Norvd) as the stationary phnsc. Chromat.ographic conditions: 400 ft 
x 0.02 in. capillary column; 
2Q0° ; 

Ioo” isothermal; injector tcmpcrature 180°; tletcctor tcmpcraturc 
carrier gas Hc at I2 p.8.i. 

Fig. 2. Chromatogram of N-‘WA-amino acid isopropyl cstcr with N-TP.~\-L-alatlyl-L-alanint 
(Ala-Ala.) cyclohexyl cstcr as the stationary phase. Chrotnatographic conditions: 400 ft, x 0.02 in 
capillary column ; I IO’ isothermal ; injector tcmpcraturc I 80~. 
gas He st 12 p.s.i. 

dctcctor tempcraturc 2x0”; carrier 
c 
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Rcsd?s nntl disc~ussion 
The resolution capacity of the synthesized phases was of singular interest when 

a heretofore unresolved N-TFA-u,L-lerl.-leucine isopropyl ester was examined. The 
Norval-Norval phase showed practically complete resolution of the D,L-tert.-leucine 
at Ioo”, whereas the Ala-Ala phase did not exhibit .as high a degree of separation 
(Figs, I and 2). 

From the separation factors (t~(L)/tn(D)), the quality of the separation is not 
eviclent, but the differences in retention times for tlie enantiomers (JR(L)---t&o)) 

clearly demonstrate the preferability of Norval-Norval for this separation (Table I). 
Furthermore, the resolution factors 2(t~(l-)--t&D))/(wD + WI,)* show a definite impI’O- 

vement from Ala-Ala to Norval-Norval. 

SEPAH~TIOS AND RI3SOLUTION PACTORS POR N-l’PR-D,L-lerl.-LrsUCrN9 ISOPROPYL ESTER ON N-TFA- 
DLPIEPTIDE ESTER PHASES 

Chromatographic conditions: 400 ft. x o,oz in. temperature of colums 100~ and 
I 10~ rcspcctivcly; injector totnpcraturc ISO’, clctcctor tcnlpcraturc 280~; carrier gas He at 12 p.s.i, 
kept constant during the cspcrinlcnts. 
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18 Rctcntion time in minutes rclntivc to chloroform. 
1’ Separation factor. 
0 Resolution factor. 
‘1 The Ala-Ala phase could not be operated at Ioo” bccm.~so the phase is not liquid at this 

tcmpcrature. 

The resolution factor of I.GO (see Table I) for Norval-Norval at IOOO shoulcl 
allow separation of n,rAert.-leucine on a preparative scale by using the phase as a 
coating for packed columns. A preparative scale separation of the tcrt.-leucine isomers 
is desirable since the regular techniques- conversion into diastereoisomers ancl their 
separation and on the other hand the enzymatic separation’l-encounter some diffi- 
culties, The application of tile Norval-Norval phase for packed columns is presently 
being investigated. 

l \b-L,D = witlth of triangukLtcd pcrtk from L and D cnantiolncrs at base lint. 
l 
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