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CHROM. 3688
Gaé—liiquid chroi‘natography of diketopiperaiines

D1pept1des have been sepa.rated by a wvariety of chromatograplnc procedures,
including GLC of their N-trifluoroacetyl methyl esters!—4, Separation of dipeptides
into diastereoisomers has been observed during paper5 and thin-layer® chromato-
graphy, and also by GLC!3.4; the latter observation is the basis for a method3? for
optical resolution of amino ac1ds by GLC via dipeptide formation. In contrast, the
chromatography of cyclic dipeptides (diketopiperazines) has received little attention,
altliough an excellent thin-layer chroma.tographm system has been described’. 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 ;bpamtus

A Glowall model 310 gas chromatograph equipped with a flame ionization de-
tector and a Honeywell recorder was used, with coiled glass columns, as follows:
column A, 6 ft. X 3.4 mm of 3% EGSP-Z on Gas Chrom Q 100~120 mesh ; column B,
3 ft. X 3.4 mm of 3 % SE-30 on Gas Chrom Q, 100-120 mesh. Carrler gas: argon at
40 ml/min. : - : .

M ate1 tals :
The dllxetop1pera41nes containing alanine and phenylalanme were kmdly
supplied by WESTLEY". Others were synthesised by published methods®; details of
prevmusly unknown compounds will be repor ted elsewhere. In some cases, d.lastereo-
isomeric mixtures were prepared from the cis (L-L) isomer by equilibration for 30 min
in boiling 0.3 IV methanolic sodium ‘methoxide, a procedure which afforded mlxtures
containing mainly the £rans isomer. Most of the N-methyl compounds were prepared
by methylation® of the requisite parent d1ketop1peraz1ne Methanol or dlmethyl-
formarnide were used as solvents for injection.

.. N N’-Bxs(tnmethylsﬂyl) (TMS ). derivatives!® were typlca.lly prepa.red as follows:
the. d1ketop1pera.ane (-5 mg).in a 25 %. solution (0,2-1.0 ml) of N O-bls(tnmethyl-
sﬂyl) acetamide in dry . d1methy1formam1de was heated for 1o min at 80°in a capped
vial. An . allquot of ‘the. resultmg solution, Wthh contamed excess rea.gent was in-
]ected dn‘ectly into the gas chromatograph R -

Pesulte o : ,
Retention tlmes of various d1l\etop1pera.zmes on column Aat two tempera.tures,

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
.separatlons were observed with a column of 1 % EGSP-Z on-Gas Chrom P, on which
retention: t1mes ‘were apprommately ha.lved A3 % NGS column ‘was 1nfer10r for this
purpose. ‘ TR N P T  R S RTINS S

> Department of Genetics, Stanford Umversmy School of Medmme, Palo Alto, Callf U S. A

J . Chromatog., 37:(1968)'315-317



316 NOTES

TABLE I

RETENTION TIMES (min) OF DIKETOPIPERAZINES ON COLUMN A

Diketopiperazine 206° I96° " N-Methyl-diketopiperazine 196°
Gly-Gly . 25.3 41.5 Sar-Sar 5.8
Gly-Ala 5.5 25.6 Sar-Val 9.5
Gly-Val I7.1 28.7 , Sar-Meval 5.3
Gly-Pro 22.8 37.5 Sar-Pro 13.8
Ala-Val (¢+¢) 10.4 17.4 Sar-Cycloleus 17.2
Ala-Leu (¢ +¢) 3.4 22.1 Val-Meval (c) 10.5
Val-Val (c). 10.6 17.2 Val-Meval (¢) .7.0
Val-Val (¢) 9.6 . I5.4 Meval-Meval (¢) 5.4
Val-Pro (c) 12.3 ‘ 19.5 Meval-Meval (¢) 3.5
Val-Pro (¢ 16.7 26.8 ‘
Ileu-Pro (¢) ‘ 16.3 . 25.7

Ileu-Pro (¢) 21.8 35.2

a “Cycloleu’ refers to aminocyclopentane-r-carboxylic acid!l,

TABLE II

RETENTION TIMES OF TMS-DIKETOPIPERAZINES ON COLUMN B
Diketopipervazine ~ Temperature Retenrtion time
Gly-Gly : 115° 4.1

Ala-Val (¢) x15° 5.4

Ala-Val (¢) - 115° 4.9

Ala-Leu (c¢) 115° 10.6

Val-Val (c) 115° 11.3
Val-Val(¢) . .. . . 115° 9.7

Gly-Phe ‘ - 165° 4.5

Ala-Phe (¢) S 165° 4.9

Ala-Phe (¢) o 165° 4.5

Lcu Phe (¢ +2) . 165° 8.0

Column A gave a base-line separation of the cts (L-L or D-D) and trans (D-L)
forms of valine diketopiperazine. An even higher degree of diastereoisomeric resolution
was ‘observed for valyl-prolyl and the’ structurally “similar isoleucyl-prolyl- dlketo-
piperazines; retention time ratios (¢rans/cis) were 1.37 in each case. In contrast, this
column failed to- dlstmgulsh the d1astereo1somers of alanyl-valyl and alanyl-leucyl
d1ketop1perazmes

. Retention times of some N-tnmethylszlyl d1ketop1peraz1nes on column B are
g1ven in Table II. The diketopiperazines contalmng phenylalamne requlred a higher
temperature for GLC tha.n the purely ahpha.tlc ones.

Dzscusszon S ERN ' B L ' ‘ :

- On the EGSP-Z column the d1ketop1perazmes under study dlsplayed 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 reducéd
retention  times. The degree of diastéreoisomeric separation varied greatly, being
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highest for diketopiperazines containing proline or N-methylvaline and zero for those
containing alanine.

N-Trimethylsilylation permltted the satlsfactmy use of a column of the silicone
type, on which retention times were comparatively dependent upon molecular 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
t11methy151lvlat10n is obvious, since it permits GLC on silicone columns without

““tailing’’. The diketopiperazines containing phenylalanine could not be chromato-
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 trlmethylsﬂylated This possibility is under
‘experimental study. . :

Applications of the techmques descrlbed here in the areas of peptlde chennstry

~and natural products are under investigation.
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