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The resolution of r-methyl-a-amino acids derivatized as either N-tri- 
ll uoroacetyl (TFA) isopropyl esters or N-TFA-tert.-butylamides was investigated on 
chiral diamide stationary phases R”‘CONHCH(R”)CONHR’, where IX” = methyl, 
isobutyl, phenyl, benzyl. The alanine phase (I) is the only solvent which shows chiral 
recognition for a relatively wide range of the N-TFA isop_ropyl esters. On the other 
hand, the N-TFA-tert_-butylamides, including that of isovaline, are well resolved on 
all phases studied- In particular- the phenylalanine phase (IV) shows high resolution 
factors and is recommended for enantiomeric analysis of the x-methyl-z-amino acids 
via their N-TFA-tert_-butylamides. Similarities and differences between the be- 
haviour of a-methyl and a-H-amino acid derivatives are discussed. 

INTRODUCXON 

In recent years more and more instances of the presence of a-methyl-a-amino 
acids in nature have been reported. In particular, r-aminoisobutyric acid and iso- 
valine have heen found in a series of Iipophilic polypeptidic antibiotics’+, and a- 

methylserine has been identified in amecitin5_ The replacement of the a-hydrogen in 
rz-amino acids by a methyl group may significantly change various properties, such as 
hydrophobicity and reactivity towards chemical reaseents and enzymes_ These effects 
may evidently fu&ll certain purposes in nature. 

Investigation of the pharmacological properties of a-methyl-a-amino acids has 
resulted in the~observation that these compounds can act as inhibitors of enzymes. 
For -instance, ‘a-methyl-t.-tyrosine methyl ester6 and z-methyl-3,4-dihydroxy-r_- 
phenylalanine (a-methyl-r-DOPA)7 inhibit the action of monoamino oxidase and 
aromatic amino acid decarboxylase, respectively_ The introduction of L-DOPA as an 
antihypertensive .drn$ has resulted from this work. 

other areas in which cc-methylamino acids have become important are research 
on the origin of life and the study of meteorites. In fact, these compounds are formed 
in experiments simulating primitive Farth conditionsg, and have further been identi- 
fied in chondritic meteorites, e.g., the Murchison meteorite”. 

f Present addan: Chun Shaa Institute of Science and TechnoZo_q; P-0. Box l-4, Lung-Tan, Taiwan. 
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For the study of the above topics, a knowledge of the configuration and/or 
optical purity of the pertinent a-methyl-a-amino acids is often essential. The present 
research had as its objective the development of relevant, improved methods of analyt- 
ical resolution by gas chromatography. 

For the enantiomeric analysis of isovaline in meteorite extracts, some authors 
developed procedures of gas chromatographic resolution based on the use of dia- 
stereomers, such as N-pentafhtoropropionyl esters of 2-n-pentyl”, 2-rz-hexyl” or 3- 
methyl-2-butyl alcohol’“, on symmetric stationary phases_ Better results were ob- 
tained with N-trifluoroacetyl (TFA)-isovaline-r-leucine isopropyl ester on chiral N- 
docosanoyl-r-valine rerr_-butylamidei3_ 

In our laboratory the separation of enantiomeric z-methyl-r-amino acid deriv- 
ativ es was studied. Several years ago, the resolution and the order of emergence of a 
series of z-methyl-z-amino acid esters on carbonylbis-(N-L-valine isopropyl ester) 
were reportedx4. Subsequentlyis, it was found that the monoamide, N-lauroyl-(S)-.z- 
(I-caphthyl)ethylamide, shows chiral recognition for certain of the a-methyl-z-amino 
acid caters resolved on the former phase (r = 1.00!3-l-026, at lOOC), but not for 
isovaline or a-methylleucine. 

The present work is concerned with the behaviour of both N-TFA esters and 
N-TFA rerr.-butylamides of z-methyl-s-amino acids on different diamide phases, 
of a t_ype introduced previously i6i8_ The purpose of this research was both to improve 
the available procedures for analytical resolution, as well as to study the effect of the 
a-methyl group on chiral recognition by diamides. 

MATERIALS 

The racemic z-methyl derivatives of a-aminobutyric acid, valine, norvaline, 
Ieucine. norIeucine and phenylalanine were synthesized in our laboratory’A*1g from 
the corresponding ketones” by reaction with ammonium carbonate and sodium 
cyanide, followed by hydrolysis of the hydantoins formed. +Methylaspartic acid was 
a gift from Dr. P. E. Hare, Geophysical Laboratory, Carnegie Institution of Washing- 
ton, Washington, DC. U.S.A. 

Samples enriched in L-isovaline and D-cr-methylvaline were also available in 
our laboratory i4-rg from the enzymatic hydrolysis” with Acylase I of the corre- 
sponding racemic N-TFA-sr-methyl-z-amino acids. 

For the preparation of the N-TFA isopropyl esters’* and the N-TFA ten.- 
butylamides2’, previously described procedures”*‘i*” were used. It should, however, 
be mentioned that, since the cr-methylamino acids are resistant to racemization, it is 
not necessary to maintain carefully the mild conditions recommended for derivatiza- 
tion of cr-H-amino acids. __ 

The phases examined were N-lauroyl rert.-butyl amide derivatives of L-alanine 
(I), L-leucine (II), D-phenylglycine (III) and L-phenylalanine (IV), the properties of 
which have been described previousIy’3, as well as the novel chiral solvent N-doco- 
sanoyl-L-leucine rert.-butylamide (V)*‘. 

Civomarographic conditions 
The solvents were coated by the plug method on stainless-steel capillary col- 

umns [IO0 ft_ x 0.02 in. ID_ (for I, II and V) or 150 ft. x 0.02 in. I.D. (for III and 
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IV)]. Chromatography was carried out with a helium flow of 3 ml/min and a flame- 
ionization detector. Temperatures employed are given in the tables and figures. 

RESULTS AND DISCUSSION 

Previously, we had attempted to separate enantiomeric N-TFA isopropyl 
esters of *z-methyl-a-amino acids on several diamide phases derived from L-valine. 
However, only in one case, riz. on N-docosanoyl-r-valine-Z-(2-methyl)heptadecyl- 
amide (VI)‘5, success was achieved_ Chiral recognition was, indeed, found. but was 
limited to the N-TFA isopropyl ester of a-methylvaline, and did not extend to either 
isovaline, or the a-methyl derivatives of norvaline, leucine and norleucine. On the 
other hand. on the polymeric phase Chirasil-Val. the N-TFA rz-propyl ester of 
isovaline was well resolved”. 

These sporadic results prompted us to study the topic more systematically, and 
in this article we report the behaviour of the N-TFA isopropyl esters and the N-TFA 
ferr.-butyl amides of a-methyl-a-amino acids on a number of diamide stationary 
phases derived from amino acids other than valine’3*‘4. 

IV-TFA isopropyl esters of a-methyl-z-amino acids 

N-Lauroyl-z-amino acid tert.-butylamides with a relatively bulky R” group. 
such as isobutyl (II), phenyl (III) and benzyl (IV), did not behave differently from the 
valine phase VI: only the z-methylvaline ester could be separated into its enantiomers 

TABLE I 

SEPARATION OF ENANTIOMERS OF N-TFA ISOPROPYL ESTERS OF I-METHYLAMINO ACIDS ON N- 
LAUROYL-r-ALANINE rerr.-BUTYLAMIDE (I) AND N-DOCOSANOYL-L-LEUCINE r<rr.-BUTYLAgHDE 

W) 

For chmmato_mphic condirions see Experimental section. 
- 

PhU_Ye T (‘C) ConJg- Amino acid IV-TFA isoprop_vl es!er 
urarion 

z-Mr-raline z-Me-norvafine z-Me-leucinr z--We-norleucine 

I N-Lauroyl r-&nine 80 ; 35.15 37.66 1-o63 :I;; 1.033 

rerf.-butylamide 90 : 22.54 23-72 *-OS2 ;y9: 1.030 

100 ; 13.04 
13.30 

1-020 if;: l.aaO g;g I.015 

120 ; 7.64 7 g1 1.026 :z 1.ooo 

V N-Docosanoyl 

L-Ieucine 100 ; ;;I$ LOS7 
9.26 
9.26 

l.ooo 

rerr_-butyiamide 

* r = Corrected retention time (min) 
- ‘LD = ResoIution factor = ratio of the corrected retention time of the enantiomer eluring last over that of the 

enantiomer eluting first, cahxdated with r values expressed to the second decimal place. 
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?U-Laurovl-L-alanine l-butvlomtde 

I i = a00c 

! 

N-TFA 1SOFrOpyi ester of 
c-UC-voz c--ye--vJT c-a--iri s--Ue--arLeri 

; r,*ic.c3 1034 tc*a La35 I 

Fig. I_ Chromato_gam of N-TFA isopropyl esters of some D-r-z-methylamino acids on phase 1. 

with resolution factors similar as on VI [r = I.066 (IV), l-056 (III) and I_046 (II) at 
13O’C. while for Vi at 8O’C r = 1.086 had been reported”]. 

On the other hand, when the z-alkyl substituent of the solvent is methyl (phase 
derived from alar-tine. I), the range of chiral recognition is widened_ .4s can be seen in 
Tabic I. all the amino acids listed were resoived at 9OC and below. However, when 
the temperature was raised to 12OC. only the enantiomers of x-methylvaline were 
separated_- The chromatograrns (at 80°C Fig_ I) show baseline separation for e- 
mcthyhaline. while for the other amino acids under the experimental conditions only 
partial peak resolution could be obtained. Another drawback of phase I is that no 
chiral reco_tition for the isovaline ester was found_ 

Attempts to separate the enantiomers of r-methylaspartic acid and of a-meth- 
yiphenylalanine, as their N-TFA isopropyl esters, on phases I, II and IV were unsuc- 
cessful_ 

The order of emergence has not as yet been established experimentally_ The 
result for the isovaline ester on Chirasil-Val. reported in the literature”_ indicates 
that the L-isomer in anaiogy should appear after the D-isomer, i-e_ as in the cor- 
responding z-H-z-amino acids_ 

:Y-TFA ten_-brrtdamides of z-me&-I-z-amino acids 

Recently_ it was found that N-TFA tert_-butylamides” and N-TFA isopropyl- 
amides’” of the z-H-n-amino acids are in certain cases more effectively resolved on 
diamide phases than the corresponding N-TFA isopropyl esters_ Application of this 
approach to z-methyl-z-amino acids is described in the present section. 

The chromatographic data listed in Table II (see also Figs_ 2 and 3), show that 
this strate_q was effective_ In Table III. the resolution factors of the N-TFA isopropyl 
esters and the N-TFA terr_-butylamides on I are compared_ When the difference in 
temptrature is taken into account, it is apparent that chiral recognition for the di- 
amide derivatives is definitely better_ Also. r-methylphenylalanine, and even isovaline, 
were resolved on all the phases tried (Table II). However, in general, re.soIution 
factors, although sufficient for analytical purposes, remain markedly below those of 
the corresponding a-H-e-amino acid derivatives22_ 

The close similarity of a-methyl- and a-H-z-amino acids &xmits the assump- 
tion that corresponding interactions with solvents are similar. Diastereomeric solute- 
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u-a 
2sHs2508e8 

Time (mid 

a- L-1 - L- ohenylnlcnine t -bu+ykxniQ 

N-TFA + -buty!an& of 

Fig 2. Chronmtogmrn of N-TFA rerr_-butylamides of rmriched iso\a!inr. D-enriched z-Mr-Val and D.L- 

I-Me-nor-Vd a-Me-leu and z-Me-nor-Leu. on phases ii md III. 

Fig. 3. Cbromato_gam of N-TFA lerl_-butylamidrs of r-enriched iso\aline and D.L-I-hk-nor-Vai, z-Me- 
Leu. rr-Me-Nor-Leu and z-Me-Phe. on phase IV. 

solvent complexes, considered to be responsible for resolution. have been discussed 
previously16’~3,‘~-~~_ Models of such associations involving, respectively, N-TFA 
esters and N-TFA [err.-butyl amides of n-methyl-z-amino acids. are represented in 
Fig. 4. 

For steric reasons, it might he expected that the r-methyl group will weaken 
hydrogen bonding with the stationary phases. Indeed, considerably lower retention is 
found throguhout for the derivatives of the r-methyl- as compared with those of the 
z-H-a-amino acids. Thus. on phase I, the retention time of the N-TFA tert.- 

butylamide of D-valine was 75 min ( 140cC), as against 22 min (13O’C) for the D-Z- 
methylvaline (Table II), and that of the N-TFA isopropyl ester of D-leucine was 15.7 
min (130”(Z), as against 8.24 min (120°C) for D-a-methylleucine (Table I). Looser 
association should result in a reduction of the concentration of the selective com- 
plexes formed in the stationary phase, as well as in larser distances between the 
associating molecules. Both of these circumstances will reduce the capacity for chiral 
reco_gnition, in agreement with the findings for the two classes of derivatives in- 
vestigated. 

Chiral dilTerentiation of the enantiomeric solutes in the stereoselective associ- 
ation complexes should he more dit%cult in the case of the r-methyl-.;r-amino acid 
derivatives, because they have a lesser degree of asymmetry, ie., a relatively smalIer 
difference in the size of the substituent (R VS: methyl, as compared with R VS. H, for 
the z-H-a-amino acids)_ Isovaline, in which the alkyl suhstituents at the asymmetric 
carbon differ only by one methylene group, illustrates this effect particularly clearly, 
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b) 

R I Cf! Hz3 -; CZI H43 

RI’: CH, ; CH,CH, +:;a ; CH+a 

Fi_e 4. Schmatic representation of h@rogenbonded associates assnmed to be responsible for resolution 
by diamide phases. (a) Solvent-solute-solwent complex with paralIeI orientation of the sobent molecules 
and an intercaWed N-TFA rerr.-butyhxmide of an L-z-methyl-z-amino acid”. To represent the corre- 
qxnding diastereomeric compleses uith z+soIutes. the relative position of Me and R hake to be inverted. 
(b.: Sobent-soIute comples with an N-TFA isopropyt ester of an z-methyl-z-amino acid; in diastereomeric 
association complexes uith txolutes the relative positions of the Me and R groups are imerted. 

TABLE III 

COXIPARISON OF THE RESOLUTION FACIORS OF N-TF_A ISOPROPYL ESTERS AND N- 
TFA-rerr.-BLITYUMIDES OF z-METHYL-a-AMINO ACIDS ON N-LAUROYL-L-ALANINE terr.- 
BUTW-UIIDE (I) 

Column: 100 ft_ x 0.02 in 

_-fmirro acid /V-TF_-I rert.-Buthmide X-TFA Isoprop_vI ester 

rrn* ar I IU‘C rrD* aI .!wc 

a-Methyh ahne 1.122 I.065 
a-hiethylnonahne I 033 I.034 
z-Methy!kucine Lo22 1.018 
z-Methyfnorkucine 1 _a32 1.033 

* For rLD, see TabIe I. 
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and it is, indeed. the most difficult compound to resoive in the series studied (also its 

N-TFA ester is not separated on 1. see above). It should be mentioned that the 
nature of the R substituent of the solute also has more subtle effects, which cannot be 
understood without a more detailed knowledge of the conformation of the solute- 
sclvent association complexes. Thus, z-methylvaline, in which R is branched at its #I- 
position, gives the highest r,,,, value observed in this research (1.359, Table II). On 
the other hand, z-methylleucine, with the R group branched in the y-position, is as 
difficult to resolve as isovaline- The same influence of substitution is indicated by the 
behaviour of the N-TFA esters (Table I)*. 

The mcrease m the rL n values for the diamide derivatives of the z-methyl-z- 
amino acids, as compared with the N-TFA isopropyl esters, is ascribed to the dif- 
ference in the mode of interaction with the stationary phases. With reference to Fig. 4. 
it is seen that the N-TFA [err.-butylamide derivatives, which are capable of forming 
four hydrogen bonds, can intercalate between two solvent molecules (complex a)_ On 
the other hand, association of N-TFA esters with a second solvent molecule would be 
rather loose. as only one hydrogen bond is available for that purpose (complex b). 
The resulting lesser restriction of the solutes would appear to be related to the rela- 
tively lower chiral differentiation in the latter case. 

The order of emergence (L after the D isomer on the L-phases) has been experi- 
mentally determined on only two enriched mixtures (isovaline and a-methylvaline. 
Table II). By extrapolation. and by analo_q with the same consistent elution sequence 
found for the r-H-z-amino acid derivatives, it is provisionally assumed that, for the r- 
methyl-a-amino acids derivatives. also. rL!n on the L-phases is larger than unity, 
throughout_ These results are in agreement with the above assumption of analogous 
stereoselective solute-solvent association for both types of amino acids. 

As was seen for the N-TFA esters, discussed in the preceding sections. the 
nature of the substituent R” in the diamide solvent is observed to play (Table II) an 
important role in determining the magnitude of the resolution factors. In the series I- 
IV of the diamides R”‘CONHCH(R”)CONHR’ with the same R”’ and R’ groups. 
chiral recognition improves as R” increases, except in the case of the D-phenylglycine 
derivative III, where the proximity of the phenyl to the chiral centre creates a special 
situation. For R” = benzyl, the highest rL,n values were obtained throughout, and 
the corresponding diamide IV is the best phase found, thus far, for the enantiomeric 
analysis of the r-methyl-.a-amino acids It is recalled that for the N-TFA isopropyl 
esters. the best results were, however, obtained on the diamide with the smallest R” 

‘OUP (1). 
As was found for the a-H-a-amino acids, lengthening of the R”’ chain reduces 

to some extent the resoIution factors (V, as compared with II), but has the advantage 
of permitting the range of column working temperatures to be widened. 

APPLICATIONS 

The determination of the configuration of isovaline in natural substances is of 
topical interest_ Recently, Brueckner and co-workers” definitely estabIished the D- 

* In con-< for the N-TFA esters of the cr-H-cr-tine acid derivatixs, the efikcts of branching of R 
in the #& and ;-positions are rexrsedz3. 
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configuration of isovaline in poiypeptidic antibiotics, using gas chromatographic pro- 
ctdures expeciaiiy developed for that purpose. Previously the opposite assignment 
had been made for this a-methyl-z-amino acid in antiamoebinz? and emericidins’*_ 
Apparently, the erreneous conclusion was reached by the assumption that chiral 
rL?ognition of r-methyl-z-amino acids is as easy as that of the r-H analogues- The 
new derivatives and chiral phases introduced in the present research will supplement 
a3d improve the enantiomeric analysis of isovaline, as well as of other a-metbyi-a- 
amino a&s. Furthermore, the data discussed above show clearly that, besides certain 
similarities. there are also marked differences between the cr-methyl and a-H-a-amino 
acids in their interaction with chiral diamide stationary phases_ 

2rueckner and co-workers” have already pointed out the special diffucities 
involved in the determination of the cotiguration of a-methyl-a-amino acids, such as 
the inapplicabilitf’ of the Ciough-Lutz-Jirgenson rule. Also, it has been foundI 
that, in this series, assignment through enzymatic hydrolysis of the N-acyi esters 
cannot be effected in all cases. because of resistance to attack by Acyiase I. Experience 
has shown that the order of emergence of solutes on the chirai phases studied so far 
can be correlated in a consistent way with the configuration. In particular. on the 
diamides’“‘8~2’-‘5 no exception has yet been found to the rule that derivaxves of a- 
H-z-amino acids eiute in the order L-after the D-isomer on L-phases. Furthermore, it 
should be added that measurements 1J-1g for five opticallv enriched N-TFA esters of L 
z-methyl-a-amino acids gave throughout the same sequence of eiution (r,;, > 1) on 
carbonyibis-(N-r-vaiine isopropyl ester)_ There are, therefore. good reasons to con- 
clude that the order of emergence of derivatives of a-methyl-a-amino acids on dia- 
mide stationary phases promises to become a useful tool for the determination of the 
confiGration in this series_ 
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