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in recent years, the appIication ofgas chromatography (GC) to optical resoiu- 
tion has been developed in two dilkent ways. One is the direct separation of the 
enantiomers on an optically active stationary pllase’-5, and the other involves the 
derivatization into the diastereomer followed by_GC on an ordinary liquid phase. 
The GC resolution of the amino acid enantiomers has been investigated b>r sevcrttl 
workers. Condensation with a chiral reagent yields the diastereomers, which often can 
be easily separated under the appropriate column conditions_ For this purpose, N- 
trifluoroacetyl-(S)-(-)-prolyl (TP) chloride and its related compounds have been 
used as resolving agentshm9_ In addition, Brooks et uI.~~ recently introduced the new 
effective reagents drimanoyl chloride and (R)-( + )-~mn?i-ch~santl~e~~~~~~l chloride for 
the gas-phase analytic4 resolution ofenantiomeric amines and alcol~ols_ In this paper, 
we report the potential utility of ne\v chiral reagents to form the diastereomers of 
amino acids for GC resolution on con\-entionnl columns. 

ESPERIMEN-I-AL 

The apparatus used was a Shinladzu Model GC-SAIFE gas chromatograph 
equipped with a hydrogen flame ionization detector and a “silanized” U-shaped 
giass column (3 m x 3 mm I.D.). The column was packed with I -So/:, SE-30, 1.5:::; 
OV-1, 1.5% OV-17 or 0.5% PEGA on Chromosorb W (100-120 mesh). Coiunm tem- 
peratures were 160”, iSO”, 170” and 19, respectively. Both the detector and fash 
heater were maintained at 30” above the column temperature_ Nitrogen was used as 
the carrier gas at a flow-rate of 30 ml/min_ 

Amino acids and tl-isoketopinic acid were kindly donated by Ajinomoto 
(Kawasaki, Japan) and Yoshitomi Pharmaceutical Industries (Yoshitomi, Japan), 
respectively_ I-Dihydroteresantalic acid and I-teresantaIic acid were synthesized from 
tl-isoketopinic acid by known procedures 1*-12_ The acid chlorides were freshly prepared 
by treatment with thionyl chloride prior to use: c/-isoketopinyl chloride (nxp. IX- 
132”), I-dihydroteresantalinyl chloride (m-p. 17ct176”) and I-teresantalinyl chloride 
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(b-p -30CllIl1 60-65”). Methyl and butyl esters of amino acids were obrained in the 
usual manner_ 

Prqmmtion of cleriwtiws 
Procdttr~* A. To a solution of amino acid ester (CCL 1 n@, dissolved in tetra- 

hydrofuran (0-S ml) containing pyridine (0.2 ml), was added the acid chloride (CU. 4 
mg). The reaction product comprised the N-acyl derivative together with excess of 
reagent and was injected directIy into the gas chromatogaph. 

Prowdrm B. The amino acid ester (~a_ 1 m@ in acetonitrile (0.5 ml) was 
treated with the acid chloride (a. 4 mgf in the presence of triethyiamine (I drop)_ 
The reaction product was similarly analyzed without further purification. 

Sqmritt ion jitctor 
Relative retention times (RRT) \vere measured usins pg’-DDT as a reference 

compound_ The ratio of :he retention times of each enantiomeric pair (tR,jtR,) was 
expressed as 1:. The separation factor, R, was calculated from the equari& 

where II/, and Jr.> are the bases of trian$es derived from the theoretical peaks. 

KESULTS AND DISCUSSION 

The requirement of :I more rigid skeletal structure and higher volatility for the 
resolving agent prompred us IO esplore the utility ofthe camphor-relaied compounds 
tbisoketopinyl chloride (I), I-dihgdroteresanrtlinyl chloride (II) and I-teresantalinyl 
chloride (III) (see Fig. 1). An initial effort was directed to testing the applicability of 

cmc~o ClOCqj ClOCqJ 

three derivatization reagents employin, ‘I uL-alanine as ;I model compound. The reac- 
tion of the amino acid ester with these reagents in the presence of a basic catalyst 
proceeded readily to provide the sulticiently volatile N-acyl derivative in a quantitative 
yield, as shown in Fig. 2. The amino acid sho\\;ed a single peak of the theoretical 

RCHCOOR' RFHCOOti 

bH* +m- HNOC 

9 

R'=Me or n-Bu 

Fig. 1. Scheme of the rtxction of :wnino acid ester and reagent I, !I, or ill (see test). 
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TABLE I 

RELATI\‘E RETENTIOX TlhlES AND THEIR RATIOS FOR DIASTEREOMERIC N-ACYL 
DL-ALANINE ESTERS- 

column ~i-I.~-~~~-c~rclpirt~i I-l)il~~rl~~~rciftrarmlilr_r-l i-Tcr~,salrtrrlilI~I 

t_5y.; cm-1 (b) 

1_5:,; ov-I7 CC) 

0_5y; PEGA td) 

RRT 
. 

0.317 
0.307 
0.157 
0.35h 
0.360 
0.359 
0.40s 
0_-!02 

I.03 

I .oo 

I-00 

1.01 

RRT u(r>,;L) RRT U(dL) 

0.17s 
0.174 
0.19s 
0.192 
O-130 

0.1’7 
0.171 
O_ 16s 

shape on both the selective and non-selective pftases, indicating the excellent GC 

properties of tlie reaction product_ 
The cfiromatogapfiic beIlitvi0ur of the N-acyf derivatives of lx-:&mine meth~f 

and but_\-1 esters wts examined \vith four kinds of typical liquid phascst I .S ::;, SE-30. 
1_5~?~ OV-I, i_S:.?i, OV-17 and O_S‘,?:, P EGA. The retention times relative to I>,~‘-DDT 
and the ratio of retention values of each enantiomeric pair, (c, arc fisted in Table I. 

Almost all or the pairs of diastereomers could be c-e11 distinguished from each other 
on either of- these columns. Of the three diastereomers, the N-l-teresantafinyl deriva- 
tive afforded the most satislktory separation on the selective phase. in particular on 
rfie 0.5 4’ ,,, PEGA column_ The cl-isoketopinyl derivative sho\ved ;I more prolonged 
retention time, probably due to the presence of an 0x0 group_ The elution order of 
the diastereomeric N-i-teresantafinyl amino acid esters was the same as that of the TP 

derivatives, in which the t_-amino acid exhibited a larger retention value than the 
corresponding wenantiomer_ In contrast, both the N-tl-isoketopinyl and N-I-dihydro- 
teresantalinyl alanine esters showed the reversed elution pattern, although at present 

no structural reason can be suggested for this reversal. 
The gas-phase anafytical resolution of the representative neutral and acidic 

amino acid enantiomers was then undertaken on a PEGA column by formins the 
N-i-teresantalinyf derivatives_ The results for twelve pairs ofthe enantiomers are given 

in Table If_ The degree ofseparation is quantitatively expressed by the separation kc- 
tar, R. proposed by P;Lttison*3-“_ In general, the methyl ester of an amino acid at= 
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TABLE II 

SEPARATION FACTORS FOR DIASTEREOMERIC N-I-TERESANTALINYL I>L-AXlINO 
ACID ESTERS 

Conditions: glass column (3 m :-. 3 mm i-D_): nitrclgcn flow-rare, 30 ml/minr column rcnqxr,trure_ 
135’: flash hcatcr tempcraturc. I S5’ : b.xector tcnqxr&Lurc. I S5’. 

.4nrbrcz orkl ;\fc~f/rl-l esrer- tt- Brrt_d evtcr 

RRT!/r>j - cd L(n) R RRTfoi ctlr_bI R 

Almine 0.16-f 1.10 I.11 0.256 I .!I7 0.75 

l-orded ;L mart s:;tiskctory separation than the tort-csponding but?! ester. No marked 
dilkences in the S;t‘ptw:hx~ factors for nornia! ami branched-clittin amino acids were 
obscrvcd. Ol‘tllC i1!llil:1> i!CiJS WStCci 50 Car, tile 1nCthyl ester ofproline ShC>\\-Cd CXCellellt 

resolution with a SCpXiltiOn hxor of ISS. It is e\-ident from the results that rnantiorn- 
eric alanine (R = 1.2-l). methionine (R ::- 1.33). and glutamic acid (R =:: I -1-i) were 
:tlso conipIe!ely separatsd. To the best afour know!edg_e. this ::ppears to be the most 
succcsslil! instance ol‘thc **- I~!S-~!li!SC resolution ofatiiino acid enantioniers \vith use of‘ 
a chirtl! reagent- Diastrrcomeric derivatiz:ltion into the N-I-tcrestlntalin~! amino acid 
methyl ester \\‘a5 al?;0 etii-crivc ibx the aptical resolution of saline, norvrtline. leucine 
and norlcucinc. III thcsc instances. the estcnt ofovrrlappin, c* oTthe enantiameric peaks 
\YLlS less t!1:1n I z’.!,; and the quantitative dctcnnintttion w;ts practicable. With regard 
to isoleucine . aspartic acid. ethionine and phcnylalariine. eacll set of enantionwrs \Vits 
still distinguisl~ablc. Hw\c\-cr. the R va!~;c was less than 0.1 and hence measurement 
of the peak areas was impossible because of their overlap. 

It hits previously been su,= cxwsted that optical resolution sllotlld be xhicvable 
with cornpounds~in which the chiralitv is embodied in ;t mot-e rigid skeleton”‘_ The 
potential utility 01~ the present resolving agents may be ascribable to the rigid carban 
skcletnn, \vhich is directly linked to amino acid through ;!!I amide bond. The nmrc 
rigid structure of the I-teresanttilinvl moiety, ~~liich possesses 3 cyAoprop:tne ring. np- 
pears to reflect the escellent resolutior : of the resulting diastereonwrs. 

It is hoped that availability ot‘thc new chiral reagents may increase the versati!it> 
of Gf resolution based on dittstereomeric derivstization. 
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