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SEPARAXTION OF INRONERIC LONG-CHAIN POLYHIYDROXY ACIDS
BY THINIAYER CHROMATOGRAPHY

LIDNDEANY JJ. MORRISS™

Wieaniisiny Degiurtment], ByunellCollége;,
Aottow, Handbis ((Greatt Byitain))

([Ruaaiiad] Miooth zotih, 1963))

“The resdlution «if Higher futtty aciidl isomens and] winglbgues: by thin-layer: chromatog--
raphy (ILQ) @n wdizsoiirants imgnemmted] witth complexing; agents: lias: recently been.
reportedt. it was demonstnatted] thatt #iraw andl emptiire isomerss off vicinall dihydroxy
aditisccould thesgparated by TILC emsilinicacidlimpregmatediwithh boric-acid!. Boric acid:
«or Iborates are larowm teo ffmmm cemplteses mone: neadilly witth (ireo glyzcols: tham with:
ceroftino g@hyedls?A amdl iit i msmunred] thatt somre suchh interactiom wass operative;. under:
tthe conditions «f dinomettaeaplisy;, to mesuilt iin the clear resolutions: off dihydroxy
lisomersdbitaied.

‘Mhese wesiilts waxe simiilar to tfiose obitaimed] by BFRaaaw anvD» Mivns: by paper
dlettrgphoresis® and suggestesd tie possithilityy thatt TILC om adsorbents: impregnated!
wiith complesing wgentts mijgitt e off moene generall applicatiom to) thie: resolution: of:
«certdin iisomeric compoundls, pmtitnibnlle whene lhelk off solubility:- im suitable: electro--
lIsttes pprediudles tthe wxe «f tie dbatropiionetic: methiodl. Dit was: therefore: considered!
worthwihile tto sttty tiive mriignatiions off etfier polikixdioxy- acids:om thin-layer plates
iimpregnated wiith thotic @dill aodl witth etfier knowm glixcollcomplexing: agents..

Some wemmikdble sepantions off isomenc: pelihipxdroxy- fatty acidl esters: were:-
.adhieved :andl :axe dlesaithed] iin this commmunicatiom. THe: chemicall andi stereochemical
ffactorswihidh geswe nise tko ke seuoativrs anenott discussedlim detail} since they have:
mot wet theen Hully edludidiated]. THuse aspeatts off thiss wonkk are: currentlic beingrstudied!
and wiill Ibe mgpotted iin dittdil iin @ sulbsequentt puthlicatiom.

. ESAERINENNIAVL
Nl ateridis

‘Ghe wrythro andl #ineo isomas off G 77~ amdl g To>difindhoxystearic: acids: were  prepared
by @oxitation «f tthe wés amdl trass forms off tlie conmespending; olefinic acids: with: dilute
:dlkdline ppermangandie?t. Te anifineo- andl Hirao-nz; m3rdilixdroxyoleic: and! -stearic:
.adifls were detived firomaisnz: mp-epeswalbicacdd] iselatediftormWernoniaantlielmintica:
seetl @il. Mhe tiihydiosy= @mdl tetnadiydbonysteanic: acidl; were: prepared), as: described!
previoudly;, firom niidindldic @i, fhemm griggdhoxyoetadee-2renoic: acid! isolated! from:
Strophmitus seell @i, amdl fixom aé-az:n3reponyolkic: acid®. Fachi Hydroxylation:
reaction pretucetl @ pair of ismemic tmi- or tetmatiydbony- acids; wliich: were: separated.
:as ttheir meftintl cesttars oy pneganatice TILEC om Silicn Gell &, exceptt for the:erythiro- and

** Uniilever Researdh ITFdllow.
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threo-9,12,13-trihydroxystearic acid pairs which ‘were mot resdlved ffor tthis woik.
Methyl esters were prepared by adding excess diazomethaneiindiethyletherttomatha-
nol solutions of the acids.

Procedures

Thin layers (ca. 275 u) of Merck ‘‘Silica Gel G”’* ‘were:applied ito (glass [plates ((zo :x
20 cm or 10 X 20 cm) with the Desaga equipment™™,:as described Iby Mu~Ncoups.
Impregnation of the layers was carried out by using aqueous-solutions«df tthe rdlextant
compounds, instead of water, to prepare :the adsorbent -slurry ffor ;spreading con tthe
plates. As a standard procedure, 2.8 g of impregnating:agentwas dissdlvediin fomilof
water and mixed with 25 g of Silica Gel G, so that:uniformiimpregnation«of xo‘%, (fw/w))
was achieved. Silica gel layers were impregnated ‘with ithe following «compounds:
boric acid, sodium borate, sodium arsenite, basic'lead acetate, sodium metavanatate
and sodium molybdate.

Alternatively, 1mpregna.t10n was achieved | bv spraying ssilica :gél plates wtith wa.
20 % solutions of the inorganic compounds ¢f. ref. 1. iHowever, this llatter procetiure
gave less uniforrn impregnation which resulted, 1dn -some :cases, iin rather diffexent
migration patterns for some groups of isomers, -so 'that llayers iimpregnated @uring
preparation were preferred for all comparative work. Alljplates, whetheriimpregnated
or not, were activated by heating:in an oven at x10°:for 30miin jjustbefore wse.

Samples were applied as dilute solutionsin chloroform:and;platessweredevélgped,
under conditions of ‘“‘tank saturation”, ‘in closed ijars ilined with sdlvent-sodked
filter paper. Chloroform-methanol mixtures ‘were ‘used :as devéloping sdiverntts.
Visualisation of separated components was .achieved :generally Iby «charring @t zo0™
after spraying with 509% aqueous sulphuric acid, or by wiewing wunder niltraidlet
light after spraying with a 0.2 % ethanolic solution of 2’;7’-dichlorofluorescein.

RESULTS

The chromatograms of the methyl esters of long-chain di-, itri- :and tetrdhyérony
acids on untreated Silica Gel G (A), boric acid-impregnated Silica (Geél (G ([B), sodium
borate-impregnated Silica Gel G (C), and sodium arsenite:impregnated ‘Silica (G€l (G
(D) are reproduced in Figs. 1, 2 and 3.

It was found that Silica Gel G layers impregnated with ibasic llead :acetate,
sodium metavanadate, or sodium molybdate resulted:in :migrations:of:dll.componentts
almost identical to those obtained on untreated Silica 'Gel‘G.

Dilvydroxy esters

On untreated Silica Gel G, there is a slight: gradatlon in mobility «of <d1hvdro=.\»y cesters
according to the position of ‘the glycol group :in ithe c¢hain, tthe jpdlarity sequence
being 6,7- > 9,10- > 12,13-dihydroxystearate > x2,13-dihydroxydleate ([Fig. mA).
There is, however, no difference in mobility accordingito.erythro- orithreo<configuration
of the glycol group.

E. Merck, A.-G., Darmstadt, Germany ; British distributor: Anderman:and(Co.[Ltd., Tedley
Street London, S.E. 1.

* Desaga, G.m.b.H., Heidelberg, Germany; British distributor: Camildb ! ((Glass) [1:td., (Cam-
bridge.
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Higr. o THiinlkyer ciromatograms;. on: Silica: Gel G (A), boric acid-impregnated Silica Gel G (B),
sadiium Berate:impregnatediSilica:GeliG; (C),.and sodium arsenite-impregnated Silica Gel G (D), of
mrettll esterss off thHe: follbwing: fatty: acids:. 1 = erythro-6,7-dihydroxystearic; 2 = threo-6,7-
ditwtoxwstearia;; 33 = emthro-9,10-dilivdroxystearic; 4 = threo-9,10-dihydroxystearic; 5 =
et ihories igzditvdioxystearic ;: 6+ =- threo-12;13-dihydroxystearic;: 7 = erythro-12,13-dihydroxy-
albit;; B = tireo~1z; izzdiliydioxyoleic:. Developing: solvent: methanol-chloroform (2:98). Spots
warxe lbeatiod] By spraying; with: aqueous:sulphuric acid. (1:1) and charring, and were reproduced
by tracing.

AA B C D
o 0
) Q‘v
o0 ; )
0) .00
o 9 0
o\
) O 0 0
O
Og® 8
@ o®@ 0A~0
o)) (0] 0] 0
DI DI 1815 || 99 10:41:12:13-18:15 9N I2131415 | 9 1011121314 15

Hipz. 22 THiin-lhparr cliromatograms;. oni Silica: Gel! G- (A), boric acid-impregnated Silica Gel G (B),
sodiium Borato:impregnated! Silicai Gell G- (€),. and  sodium arsenite-impregnated Silica Gel G (D),
off mettinll estorss off tlie: following: fatty.: acids. (literature melting points of acids in parentheses):

w = emvlino>g)10;trilydroxystearic- (138°);. 10 = erythro-9,10,12-trihydroxystearic (112°);
o = tlireorg) oy iz trilivdroxwstearic: (110%);: 12: = threo-9,10,12-trihydroxystearic (87°); 13 =

emwiino gy Iz 133 tnilydboxystearic: isomerss (148° and: 102°); 14 = threo-9,12,13-trihydroxystearic

ikomers (895 andl ?));; ns5 = threo-9,10,16-triliydroxypalmitic. Developing solvents: A, B and C,

mutiianoilcHlbrofbrmm (5595)): D}. methanol*-cliloroform (r:99). Spots were located by spraying
witthaqueeusssulphuric:acid! (1: 1) and charring, and were reproduced by tracing.
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Fig. 3. Thin-layer.chromatograms, on ‘Silica (Gel(G (W), boric mditHimpregrettaet] Hilicn Gall G- (B)),
sodium borate-impregnated Silica(Gel(G ((C),and:sodium:arseniteiimpregnetetl Silia Gall G (), aff
methyl esters of 'the following itetrahydroxystearic mdids ( {litoraturenmmdtiing puitts off adidis in
parentheses): 16 = -erythro-g,10-erythro-r2,03- (X779); 17 == eowithrow owmiling-1z 03- (o555
I8 = threo-9,10-erythro-12,13- i(1:56°); 19 = Hhreo+9 xo-Byyiivo-12 B~ (uzmoT);; = === eomyiiiiarag oo~
threo-12,13- (165°); 21 = -erythvo-g,notiveo-12,13~- ((Muz9); 22 = tiheo<m o-tineeo-oiz, up- ((d));;
23 = threo-9,10-threo-12,13- ((122°). Devdloping wsdbvemnts: N\, I3 amitl €, mationndl-aiitexdtmm
(10:90) ; D, methanol-chloroformi(y:96). ‘Spots were llocatell by syprasiing witth argarens suiphiunitc
‘acid (r:1) ;and.charsing, and were megproiucetl thy thrading.

On layers of Silica Gel G, iimpregnated witth bedic wadidl ([Hig. 1), sediionm bonatie
(xC), or sodium .arsenite :(aD), «a Clear separation «©f wadh dliasttenasixermenic puin 15
readily achieved. The lower melting #freoiisomer «f «adh pair liwes miigatied] ffostierr
on these impregnated ilayers.

Trilydroxy esters

The trihydroxy esters studied, ilike the dihy@rosy esters, dhow liittle on mo difftoenres
in rates of migration on untreated Silica (Gél (G tihat could the wttmihtted] tho amptfino- ox
threo-configuration of itheir glycol grouping. The g mo mz-tnifhydirosysteumraties (@)-12),
however, -do .show a -segregation of ithe diasteredisemers off ceadh @iiliottiiom priic. The
higher melting isomer (9:and xx), iin eacdh case, iis mere pdlar tiem tihe lowear meitime
form (10 and 12). This:resclution waswtilised, iin tihe pregpaxatiion of thexe conpoumds
for this work, to iisolate ithe iindividual isomers firom tihe peir «f predhudts nesadting
from hydroxylation. The g,x2,x3-trihydroxystearate pairs (R 4) ane mott sepanaihls;,
in this way, into 'their high :and llow melting, Aisasteredisomenic forms. A\ espeatied],
9,10,16-trihydroxypalmitate /(z5) iis mmore pdlar than tihe wfirer tmihydhony estiens
studied, ‘due to its shorter chain llength @and tthe ffact tthatt @mne «f itks Hyydinornyil goomgps
is primary. ,
Boric acid-impregnated ‘Silica (G€l (G gives @ somewht diffexent gttt off mi-
gration of ‘the trihydroxy :esters ([Hig. 2B). All compounds uwve mjgpatied] natfien
further than .on untreated :Silica (Ge€l (G wiith tthe same sdivent system. i wass alko
shown ‘with ‘the di- :and ttetrahydroxy esters @and imdicates tihot modifcatiom off the:
layer by incorporating iboric:acidiin the:adsoibent meliuces iits adlsoibbiiiity:. THee 183,
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however, no obvious pattern of separation as a function of threo- or erythro-configu-
ration' of: the glvcol grouping, as was the case with the dihydroxy esters. Such an
effect seems to be shown by samples 13,14 and 15, where the threo-9,12,13-trihydroxy-
stearate pair and the #/rco-9,10,16-trihvdroxvpalmitate have migrated somewhat
faster than and are clearly resolved from the erythro-9,12,13-trihydroxystearate pair.
This-last named pair of diastereoisomers (15) has been resolved into individual isomer
spots.-although the threo-pair (x4) has not. The 9,10,12-trihvdroxystearates, however,
show’ no similar separation according to threo- or ervthro-configuration, the thrzo-
compounds. in: fact being slightly more polar than their erythro-isomers. Also, the
greater polarity of the high melting isomer of each pair has been lost and these com-
pounds. (9. and 11), are, if anyvthing, slightly less polar on this medium than their
lower melting isomers (10 and 12).

Sedium- borate impregnation gives an even less predictable pattern with the
trilivdroxy: esters (Fig. 2C). The #hreo-9,12,13-trihyvdroxystearate pair (14) and threo-
9,10;16-trihvdroxypalmitate (15) are only slightly less polar than the erythro-9,12,13-
triliydroxy pair, which in this case also shows some resolution into individual isomers.
The: thireo-9,10,12-trihydroxystearates (xrx and 12), on the other hand, are held back
appreciably; relative to their ervthiro-analogues (9 and 10), which is the reverse effect
to that shown: with the dihydroxy esters on the same adsorbent. :

The separations of the trihvdroxy isomers obtained on sodium arsenite-impreg-
nated! Silica: Gel' G (Fig. 2D) are more dramatic and potentially more useful. The
higher melting isomer of each 9,10,12-trihydroxystearate pair (9 and 11) has migrated
very much: faster than the corresponding lower melting form (10 and 12). The erythro-
and! Zhreo-9,12;13-trihvdroxystearate pairs (3 and 14) have also been clearly re-
solved.. The higher melting ervihro-9,12,x3-trihvdroxy isomer was again the least
polar- and! in: the #/reo0-9,12,13-trihvdroxy pair the lower spot represents the ester
ofithe acid melting at 89°, the melting point of the acid isomeric to this one is as yet
undetermined®. In addition to these ‘‘major’” separations there has also been shown
some: differentiation between comparable analogues (e.g. 9 and 11, 10 and 12) as a
function: of: the erythro- or threo-configuration of their glyvcol group. The threo-isomer
has: in: each: case migrated slightly further than the ervthro-isomer, as was the case
with: the dihvdroxy esters. These two types of differences in migration are sufficient to
allow: complete resolution of all four diastereoisomers of 9,10,12-trihvdroxystearate
and!of 9,12,13-trihvdroxystearate on sodium arsenite-impregnated silica gel.

Tetrakiydroxy esters

On untreated: Silica Gel G (Fig. 3A), the 9,10,12,13-tetrahydroxystearates behave
similarly to the 9,10,x2-trihvdroxy compounds. No differentiation has occurred on the
basis: ofi tfirco- or erythro-configurations of glvcol groups but the higher melting isomer
off each: oxidation pair is somewhat more polar than the lower melting form. This
difference in:mobility was again utilised for the isolation of the individual isomers from
these: oxidation: pairs, by preparative thin-laver chromatography.

A reversal of mobilities of the isomers in each oxidation pair is the result ot
impregnating the Silica Gel G with boric acid (Fig. 3B) and the higher melting form
migrates:the faster in each case. There is again no obvious separation as a result of the
envihro-- ot threo-configurations of the glvcol groups, although the di-thAreo-isomers
(22:and!23) are somewhat less polar than the other six isomers.

J- Chromatog., 12 (1963) 321—328
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Omn sodium borate-mpregnated layers a further difference im migrating pattern is
evidemtt (Fig. 3C). The tetrahydroxystearates here show a patterm which could be
attributed, at least im part, to the comfigurations of the: glyvcol groups, but this has
operated im the reverse dimectiom to that foumd with the dilhydroxy esters on the
arsemite-impregmated Layer. Thws the two di-eryi/iro-compounds (16, 17) are least
polar, the fowr compounds havimg ome: erytiro- and ome t/hreo-glycol group (18-21) are
more polar, and the two di-threo-compounds: (22 and 23) are more peolar still. The
rellative positions of the two somers off each oxidatiom pair is: alse rather anomalous.
Thve thurco-crythnoe pair amd the: erytlwo-thres pair have maintained the same pattern as on
umtreatted silica gel, with the higher meltimg: form beimg more polar, but this pattern
has beem Laungely kost with the di-eryifro-pair and has been inverted with the di-
&y oo-Tpxar.

As with the trihydroxy esters, the separatiom patterm of the tetrahydroxy-
stearates om sodimm arsemite-mmpregnated Silica Gel G (Fig. 3D) is remarkable but
consistent. The higher meltimg isomer of each oxddation pair has migrated much faster
amdl, with the more polar, low meltimg isomers at least, there isa subsidiary separation
effect wihich could be attributed to #hreo- or erytliro-conformations of glycol groups,
di-#hreo- (23) migratimg faster tham threo-erytlhno-, or exywthro-ilireo-, ((I9’ 21) and these
im turm migrating faster tham the di-erytiro-isomer (17).

DISCUSSION

The results descaribed above demomstrate that the migratiom characteristics. of poly-
hydroxy compounds om thim-layer chromatograms cam be markedly altered by incor-
poratimg variouns imongamic materials im the adsorbent laver. These changes in mi-
gratiom characteristics are such that clear separatiom of several diastereoisomeric
compoumds, om the basis of threw or ervthnro configuratiom of glycol groups or of other
stereochemical differemoes hetween isomers, has beem achiewved..

threo- amd erytiro-Dilydroxy isomers cam be readily differentiated, on the micro
scalle, by TILC omn Silica Gel G nmmpmegmmtedl with boric: acid, sodium borate or sedium
arsenite. The separation of oxidatiom pairs of tri- amd tetraliydroxystearates is pos-
sible, im some cases, on wntreated, boric acid-impregmated or sodium borate-impreg-
mated Silica Gel G layers amd), im all cases studied, om sodiumm arsenite-impregnated
layers. These separations may also be carried out om the: preparative scale so: that the
tedious fractional crystallisation procedures required for separation of such isomers3-7,
may be obviated. By switable combimatiom of these: chromatographic methods, the
identity of a micro-sample of anmy ome of the tri- or tetrahydroxy esters described in
this worlk could be positivelly determimed, if the whole series: were awvailable for com-
parisom.

Imsuffficient #s kmowm, as yet, abowt the type of imteraction between migrating
substamoes amd impregnated adisorbemt, to emable valid conclusions to be drawn as:
to the relative comformations of diasterecisomers separated im this: way. The use of
thin-layers impregmated with glycol-compleximg agents: has beem shown to result
im dhamges in migration diaracteristics amd consequent resolution of some sugars®-1
and of some phemol-carboxylic acids (r-carboxy-3,4-dilhydroxybenzene derivatives)!?,
Im this last worlk, several impregnatimg agemts were: used and it was: assumed that
crelatie fiormation eocunred and was respomsilble for the: observed changes in migration

J.. Clizomatog., v2: (1963) '321-328
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patterns. Although this assumption may well be correct, not enough is yet known
about this type of interaction on thin-layer chromatograms to allow its unqualified
acceptance as the basis of detailed stereochemical interpretation of the results de-
scribed in this paper. A purely physical interaction between active sites introduced
into the layer by 1rnpregn’1t10n and preferred conformations of the hydroxy groups
in the polyhydroxy ester isomers could concelvablv result in the migration patterns
achieved. In this connection, it should be noted that the resolution of the oxidation
pairs of g9,10,12-tri- and ¢,r0,12,13-tetrahydroxystearates on untreated Silica Gel G
must be due to some such purely physical mteractmn since chemical chelatmg is
clearly not possible in this case. : =

It is, in fact, considered that some form of chemical chelatmg with the 1mpreg~
nating agents is at least one factor, and probably the main factor, in producing the
observed migration patterns. Several lines of evidence suggest that this is so, in-
cluding the qualitative similarity of some the of results to those obtained in the
electrophoretic system of FRAHN AND MiLLs?, where chemical chelating of glycols
with: borate was demonstrably the factor causing separation. Also, in the present
work, it was found that sodium borate-impregnated Alumina G layers afforded a
similar degree of separation, with the same solvent system, of the dihydroxy esters
(1-8) as did borate-impregnated Silica Gel G, but in the reverse direction; 7.c. the
threo-dihydroxy esters were held back relative to the erythro-isomers. The only rele-
vant difference in conditions is that the Silica Gel G layer has an acidic character
whereas the Alumina G layer is basic. Thus, the observed reversal of pattern may be
due either to (1) formation of boric acid esters on the acidic Silica Gel G layer and
borate complexes on the basic Alumina G layer (¢f. ref. 12), the different ‘products
then having lesser and greater polarities respectively than the unaffected erythro-
isomers, or to (2) formation of borate complexes on both layers, which are then in-
fluenced by opposite ion-exchange effects on the acidic and basic layers. From con-
sideration of other results, (2) seems more likely but either possiblity would indicate
that chemical, rather than physical, interactions occur and are responsible for the
separation of stereoisomers.

These conditions are, at present, of no great assistance in determining the rel-
ative configurations of the hydroxy groups of isomeric tri- and tetrahydroxystea-
rates from the observed chromatographic behaviour. A detailed study of the mi-
gration characteristics of model dihydroxy compounds of known configurations,
under the conditions described here and more strictly controlled conditions of pH,
will be necessary before these phenomena may be understood sufficiently to be utilised
for conformational analysis of more complicated molecules. This work is currently
proceeding and will be reported in detail elsewhere. In the meantime, the practical
utility of this method for separation of suitable diastereocisomeric polyhydroxy com-
pounds has been amply demonstrated.
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SUMMARY

The migration characteristics, on silica gel thin-layer plates, of a series of dihydroxy,
trihydroxy and tetrahydroxy long-chain fatty acid methyl esters have been examined.
By incorporating various inorganic glycol-complexing agents in the adsorbent
layers, considerable variations in migration characteristics were produced. Diastereo-
isomeric compounds were clearly resolved on the basis of ¢hreo or erythro confi-
gurations of glycol groups or of other stereochemical differences between such isomers.

REFERENCES

' L. J. Morris, Chem. Ind. (London), (1962) 1238.

2 H. WiIrTCcoFFr, O. A. MoE anp M. H. IWEN, J. 4m. Chem Soc., 70 (1948) 742.
3 J. L. FrRAHN AND J. A. MiLLs, dustralian J. Chem., 12 (1959) 65

1 A. LArwORTH AND E. N. MoTTRAM, J. Chem. Soc., (1925) 1628.

5 K. E. BEARUCHA AND F. D. GUNSTONE, J. Chem. Soc., (1956) 1611.

€ J. P. Kass AND S. B. RADLOVE, J. Am. Chem. Soc., 64 (1942) 2253.

7 F. D. GunsTONE AND L. J. MORRIS, J. Sci. Food Agr., 10 (1959) 522.

3 H. K. MANGOLD, J. Am. Oil Chemists’ Soc., 38 (1961) 708.

9 G. PastUska, Z. Anal. Chem., 179 (1961) 427.

10 V. PrEY, H. BERBALK AND M. Kausz, Mikvochim. Acta, (1961) g68; (1962) 459.
11 J. HALMEKOSKI, Suomen Kemistilehti, 35 (1962) 39.

12 1. DALE, J. Chem. Soc., (1961) 922.

J. Chvomatog., 12 (1963) 321—328



