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Note 
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Thin-layer chromatographic separation of diphenylindonyl=substituted thio- 
hydantoin derivatives of amino acids 

III a previous paper1 WC chcribcd the preparation of z-fi-isothiocyanophenyl- 
3-phenylindone, an orange crystalline compound, for its possible use as a reagent 
for the determination of the amino acid sequence in peptide chains, By the interaction 
of this reagent with natural a-amino acids, Ihe corresponding indonyl-substituted 
thiohydan9oin derivatives, ITH-amino acidW, which arc also intensely coloured, 
were obtained, The purpose of the present investigations was to determine the best 
conditions for the direct thin-layer chromatograpllic separation and identification of 
indonyl-substituted thiohydantoin derivatives of common a-amino acids, 

Mnlevinls c~rZ ven,ncMs. Kiesclgel G (Merck) containing 13 yO of gypsum of 
parlicle size 13-40 IAm was used on the plates, ITH-amino acids were prepared as 
described earlier**3. 

For development of the chromatograms, freshly prcparcd solvent systems were 
used. The solvenls were of $VO ngtnlcysi grade and were rc-distilled before use, Chlo- 
roform (b.1~. p~.+Gr") WIS purified from ethanol in the usual manner. Glacial acetic 
acid WBS treated with chromic anhydride and redistilled. 

Chormtogvnfihy. The standard technique of thin-layer chromatography as cle- 
scribed by STAFII.~ was used. 

RF values were cletertnined on plates of climcnsioris 100 x 140 mm with a 
layer thichcss of 0.~5 mm, 24 11 after spreading the layer on the plates, in chambers 
saturated with the same solvent system, The ratio between the volume of the solvent 
system and that of the chamber was I : 30~ The samples were applied in amounts of 
I tcg in a 2-,/A vo1um.e of acetone or methanol (for the potassium salt of ITH-cystcic 
acid acetic acid was used) aC a distance of 1.5 cm from the lower edge of the plate 
and I cm from each other. The plate was immersed in the solvent system to a depth 
of 0,~ cm and the distance from the start to the front was IO cm. 

Two-dimensional chromatograms were developed on plates of dimensions 
200 x 200 mm with a layer tllickness of 0.5 mm in a Desaga chamber with a distance 
from the start to the front of 12 cm in each direction. Re-chromatography was 
carried out after completely removing the solvents of the previous solvent system 
at room temperature by evaporation. 

ITH-amino acids in amounts of as little as 10-o mole were visible as yellowv- 
orange spots, indonyl isothiocyanate as a darker orange spot, bisdiphenylindonyl- 
thiourea as a pink-red spot, and monoindonylthiourea as an orange-red spot, 

In order to find solvent systems I& the separation of ITH-amino acids on 
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Kicselgcl G, WC used the published data for the thin-layer scparntion of pllenylthiohy- 
dantoin derivrttivesJ-Y. As a result of our investigations, we propose the following 
solvent systems as being suitnble for the separation of ITH-amino acids: (A) ~1~10~ 
roform-methanol ($3 :z) ; (B) chloroform-methnol (00 : IO) ; (C) ,/t-llel)tane-r,z-di- 
chloroetll~nc-propionic acid (Go: zo : 20) ; (I>) cllloroforln-1~letllanol-gl~~cial ncctic acid 
(So:zo:2). 

In Table I are given the avcragc RF values from sis determinations for 25 

ITI-I-wnino acids as well as for 2-~-isotl~iocyanopl~enyl-3-phcnyli~l~lo~~e, N-$-2’-(3’- 
pl~enylinclon~~l)pl~enyltl~iourcn and N,N’-bis- ~p-2’-(3’-pl1enylinclonyl) phcnyl]tllioureu. 

Rp x 100 VALUlm OP ITH-,\>lINO ACIDS, 2-p- ISOT~IIOCYASOrI-I~.NYL-3-I’III~NYI.INI~ON~~ AND MONO- 

AND liISDIDII~Nf’l.INDONYI.TIIIOUl~l~~~S 
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The RF values vary within ccrtrtin limits, depending on the conditions usecl 
for the clironxtography, but relative differences between them rcninin constant. WC 
cnrricd out csperiments on the separation on Kicsolgcl G by two-dimensional chro- 
matograpky of a comples rnisture containing nil tllc ITH-amino acids given in Table 
I escept methioninc sulphone, norvalinc and norlcucine (Fig. I), On the start, 2 cm 
from both edges of the plate, was applied a mixture, containing I ,ug of each com- 
pound, dissolved in 2 ,d of acetone-methanol (I: I). On the starting points I, I I 
and III were applied mixtures of the same amounts of ITH-amino acids that separated 
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Fig. I. T\~o-climcnsionrrl scpnmtion of ITI-I-nm in0 ncicls, cliphcrlylillclonyl is0tlli0c~~llittc alld 

niono- md biscliphe~ylincIonylthiourca. Carrier: I~icsclgcl G (0.5 mm layer thiclcncss). 1st 
run: solvent systcni IJ, chlnrofornl-rnctllailol (go: IO), up to G5 nun from the stnrtinfi lint, and 
in solvcnc system 1\, chlo~ofor’nl-111ctllatlol ($4: 2). 2nd run: solvent system C, rr-hcptanc-x,2-cli- 
chloroctlinllc-l~rol~ionic acid (Go: 20: 20). Numbcra of spots: I, ITI-I-cvstcic acicl: 2, ITI-I-nq.$ninc: 
3, ITI-I-;qm.rtic acid ; Lf, IIJ’I-I-gliitnmic acid; 5, I’I’I-I-ld9ticlinc; G, Ii’I-I-aspam~inc; 7, ITH-~1 ut- 
imiw : Y, ITI-I-scrinc; g, ITH-thrconinc; .to, ITI-I-tyroninc: 51, ITI-I-liyclrosyproliilc; 12, TTIX- 
glycinc; I 3, TTI-I-lysinc: ~‘1, T’TI-I-tr~l,tol,ll;ln; 15, rnoi~ncliI~hcrl~li~ldonylthio~lrcn; 16, ITI-I-nlnninc; 
17, C’I’I-I-a-nillinol~utvric acid: 18, I’I’I-I-motliioriine; ~g, I’rI-I-I’llcllsl;rlntritlc; 20, I’rI+.dinc; 21, 
ITI-I-lcucinc : 22, I’I’I-I-isolcucinc; 23, biscli~~hc~~ylindor~~ltl~iourcn: a.+, ITI-I-prolinc; 25, diphenyl- 
indoiipl isothiocynnatc. 

well in solvent systems A and I3 (first direction), On the starting points I’; II’ and 
III’ were applied mixtures of the same amounts of ITH-amino acids that separated 
well in solvent system C (second direction), 

It can be seen in Pig, I that of all the ITH-derivatives indicated, only ITI-I- 
leucine and ITH-isoleucine remain unseparated, l3y carrying out t.he separation of 
these derivatives in solvent system A, small hut constant differences between the 
RF values of both amino acids were observed, ITH-leucine being the faster. This 
difference was increased by developing the chromatogram in the same system on a 
plate that had been activated for 30 ruin at 80’. This method can be used to distin- 
guish both derivatives in solvent system A, if they are not in a mixture; otherwise 
they give one prolonged spot. 

It can also be seen in Fig. I that the spot of ITH-histidine is not very well 
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separated front that of ITH-glutamine, An additional separation OI the spots of ITI-I- 
histidine, ITH-glutnrninc and ITH-asparagine tail be achievccl by rc-chromato~rnphy 
in solvent system C in the second direction, as ITH-liisticline has RIP ==: 0 in ,this 
solvent systl?111. 

TIE spots nurnbercd froni 1 to 10 on the two-cliinciisioilal clnw~iatog’ram moved 
little in the sccoiid clircction wlicn solvent system C was used for devclopmcnt. 
Moreover, ITI-I-argininc nncl ITH-cystcic acid tvcrc not separated and gnva one spot 
on the start. By using solvent system D in the second direction, these two ITH- 
amino acids cnn be separated and ;I, mow rclial~le iclcntiiication of the remaining: 
spots (I-10) is possible, I:or the t~vo-cliniensic~iinl separation of tlicsc derivatives, 
the com1Ana.tic.m of solvent s>‘stcms I3 and I3 is suitable. 

As rcportccl enrliergtD, these clcrivatives are coloured comIxmnds (yellow, orange 
and reel), ancl this colour facilitates their chromatograpl~ic separation ancl idcntili- 
cation. It was sllown thnt they could be detected directly as colourccl spots on a 
silicn gel plate in amounts of about 10-O mole, The sensitivity is tlicrcfore the same 
as that of Edman-DNS method with phcn!;l isotlliocyanatc. But while that method 
requires the use 0 ii greater amount of tlic initial lxwtein, because aliquots for tlie 
determination of the N-terminal groups must bc taken (20 residues, for instance, 
theoretically rccluire at least 2. IO4 molt of protein), in the lwcscnt metliocl tlic initial 
amount of protein can be of the order of IO-~ mole, as tile chvcd product is used 
for the direct identifcntion of the liberated thiohydantoin derivative. Moreover, the 
present method is tecllnically very easy to carry out, as n sccondrcagent (dansyl 
chloride) is ndt rccluircd and all the work on the determination of the N-terminnl 
amino acids by dansylation is avoided. 

Investigations ainwcl at determining the best conditions for the interaction of 
z-~-isotliiocy,ziioplieii~~l-3-pliei~yliiiclo~ic with lxqticles nnd proteins ancl at increasing 
still more the sensitivity of the detcctiori of the iiiclon~~ltliioliycl~ntoin derivatives are 
at present being carried out. 
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