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Gas-liquid chromatography of diketopiperazines 
,’ 

Dipeptides have been separated by a variety of chromatographic procedures, 
including GLC of their N-trifluoroacetyl methyl estersl-“. Separation of dipeptides 
into diastereoisomers has been observed during paper’6 and thin-layer0 chromato- 
graphy, and also by GLC ls3e*; the latter observation is the basis for a method3 for 
optical resolution of amino acids by GLC via dipeptide formation. In contrast,, the 
chromatography of cyclic dipeptides (diketopiperazines) has received little attention, 
altliough an excellent thin-layer chromatographic system has been described7. Only 
one limited report” on GLC has appeared, in which a silicone column gave strongly 
asymmetric peaks and no separation of ,diastereoisomers. In the work reported here, 
symmetrical peaks were obtained with good. diastereoisomeric separation in most 
cases. Application of the method to an investigation of diketopiperazine formation 
during thermal degradation of peptides will be described elsewhere.’ 

A Glowall model 310 gas chromatograph equipped with a flame ionization de- 
tector and a Honeywell recorder was used, .with cpiled glass columns, as follows: 
column A, 6 ft. x 3.4 mm of 3 oh EGSP-Z on Gas Chrom Q, IOO-IZO mesh ; column B, 
3 ft. x 3.4 mm of 3 y. SE-30 on Gas Chrom Q, IOO-rab mesh. Carrier gas: argon at 
40 ml+/inin. 

The diketopiperazines containing alanine and phenylalanine were kindly 
supplied by WESTLEY*. Others were synthesised by published method@; details of 
previously unknown compounds will be reported elsewhere. In some cases, diastereo- 
isomeric mixtures were prepared from the cis (L-L) isomer by equilibration for 30 min 
in boiling 0.3 N methanolic sodium methoxide, a procedure which afforded n&t&-es 
containing mainly the bans isomer. Most of the N-methyl compounds were prepared 
by methylationO of the requisite parent diketopiperazine. Methanol or dimethyl- 
formamide ‘were ,used as solvents for injection. ,:. ‘,’ 

N,N’7Bis(trin~ethyl+lyl) (TMS),.derivativeslf’were typically prepareh ,as follows: 
the: hiketopiperazine (I-S mg);in a 25 %:‘solution (0~29.0 .ml) of .N,O-bis(trimethyl- 
silyl) acetamide, in ,dry dimethylforrnamide was heated for TO &n, at .go” in. a capped 
vial. An aliquot of the ‘resulting solution, which contained excess reagent, was, .in- 
jetted directly into the gas chromatograph. .,., ‘.,( ,, 

‘; 
Rim&~ 

,,’ .’ 

:’ 0 
.,’ Retention times of various diketopiper@nes, on column A.at two temp,eratures; 

and of the relatively volatile N-methyl compounds ‘at the lower temperature, are 
given in Table I. Narrow, symmetrical peaks were obtained and essentially. similar 
separations ,,were ,observed with a column, .of 1 .0/o, EGSP-,& on ,Gas Chrom P, on .which 
retention times Iwere approxinlat,ely halved. A 3 o/o NGS column was iuferior, for .this 
purpose. ‘, ,,’ “_ ‘I:( : :’ ,, , :: ,:: .‘. .’ ,,’ ,,: 

,_ :, ’ * Departmcnt.bf Gcnetids, Stanford Ui-kwsity Schbol of Mcclidine, Palo Alto; Calif.;‘U;S;A; 
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TABLE I 

RETENTION TIMES (Illin) OF DIICETOPIPERAZINES ON COLUMN A 

Diketopifierazine 206’ 196” N-Methyl-diketopiperazine 196’ 

Giy-Gljr 
Gly-Ala 
Gly-Val 
Gly-Pro 
Ala-Val (c+t) 
Ala-Leu (c + 1) 
Vnl-Val (c) 
Val-Val (E) 
Val-Pro (c) 
V&Pro (t) 
Ileu-Pro (c) 
Ileu-Pro (C) 

25.3 
15.5 
17.1 
22.8 
10.4 
13.4 
10.6 

9.6 
12.3 
16.7 
16.3 
21.8 

41.5 
25.6 
28.7 
37.5 
17.4 
22.1 
17.2 
15.4 
19.5 
26.8 
25.7 
35.2 

Sar-Sar 
Sar-Val 
Sar-Mcval 
Sar-Pro 
Ssr-Cyclolcu* 
Val-Meval (c) 
Val-Mcval (t) 
Meval-Meval (c) 
Meval-Meval (t) 

5.8 
9.5 
5.3 

13.8 
17.2 
10.5 

57:; 
3.5 

* “Cyclolcu” refers to aminocyclopentanc-I-carboxylic aciclll. 

TABLE II 

RETENTION TIMES OFTMS-D~KETOPIPERAZINES ONCOLUMNB 

Diketo$iperazine Temfievatzcre Retention time 

. 

Gly-Cly 
Ala-Val (c) 
Ala-Val (t) 0’ 

Ala-Leu (c+t) 
Val-Val (c) 
Val-Val (t) 

Gly-Phs 
Ala-Phe (c) 
Ala-Phe (C) 
Leu-Pl1c (c t-2) 

115O 
. ..? 15O ;:Ij 
IIS0 4.9 
115' 10.6 
II5O 1x.3 
II5O 9.7 

165' 4.5 
165~ 4*9 
165~ 
165~ ::: 

Column A gave, a base-line separation of the cis (L-L or D-D) and Eram (D-L) 

forms of valine diketopiperazine. An even higher degree of diastereoisomeric resolution 
was ‘observed for valyl-prolyl and the’ structurally similar isoleucyl-prblyl diketo- 
piperazines; retention time ratios (tram/cis) were 1.37 in each case. In contrast; this 
column failed to distinguish. tlie cliastereoisomers of alanyl-valyl and alanyl-leucyl 
diketopiperazines. ‘- 

Retention times of some N-trimethylsilyl diketopiperazines on column B are 
given in Table II. The diketopiperazines containing phenylalanine required a higher 
temper&ture for GLC than the purely aliphatic ones. 

.’ : ;. ..: 

~&&&i*fi ; ,, . . ., .“, 

1’. On the EGSP-2 column the .diketopiperazines under study displayed ‘a wide 
range of retention times, ‘shortest for those containing. alanine or valine ,and longest 
for those in which glycine or proline was present. N-Methylation drastically reduced 
retention,, ,times. The degree of diastereoisomeric .separation varied. greatly; being 

.I. Clqomatog., 37, (rg68).3r5-3r7 



NOTES ” .A ’ 317 

highest for diketopiperazines containing proline or N-methylvaline and zero for those 
containing alanine. , 

N-Trimethylsilylation permitted the satisfactory use of a column, of the silicone 
type, on which retention times were comparatively dependent upon nrolecular weight. 
Diastereoisomeric separation was again encountered, but for. the diketopiperazines 
composed of simple aliphatic amino acids ,the use of column A without ,derivatization 
was generally superior. For less volatile diketopiperazines, however,, the advantage of 
trimethylsilylation is obvious, since it permits GLC on silicone columns without 
“tailing”. The diketopipera&nes containing phenylslanine could not be chromate-, 
graphed on column A, but on column B, after trimethylsilylation, convenient reten- 
tion times were obtained at a temperature far below maximum. It follows that .GLC 
may be applicable to even less volatile diketopiperazines by this means, since .ad- 
ditional functional groups would also be trimethylsilylated. This possibility is under 
experimental study. 

Applications of the techniques described here in the areas of peptide chemistry 
and natural products are under investigation. 
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