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Indanols IKLW been cl~ron~atograpliecl on tliin layers of cellulose imprcgnatecl 
with simple amides as stationary pleases and hesane as the mobile phase. The ZZfi* 
values have been shown to vary with tile impregnation coefficient of the nlobile phase. 
Differences in the behaviour of tile amides have been correlated with differences in 
tlleir molecular dimensions. The effects of molecular structure on the chromatographic 
hehaviour are reflected in the successful separation of 4-indanol and its lmmologues 
from tile g-indanol series. 

. ..-_.. .._. _ ..__ ._ __. ._..... . . _.. . ..-_ . . -.--. - _ - - - ---.----.. ----. -. 

A recent investigation * lens shown tllat the highest degree of reproclucibilit> 
of RF values in reversed-phase thin-layer cllronlatogr~~pll~r is obtained when the im- 
pregnant is dissolved in the solvent used to slurry the impregnant support and the 
resultant salnl’le-loaded. cllrornatograms are elutecl in a double saturation chamber 
(i.e. a glass sandwich made of the chromatoplate, a glass former and a cover plate 
enclosed in a clisposal~le polytliene bag which served as the clironiatogral~liic 
chamber2). In this investigation indanols were used as model compounds, the mobile 
phase being acluec~us cthiol (37.5 ‘;J, v/v) with etllvl oleate supported on cellulose as 
the stationary phase. 

The Z<,J values for tile conlpmnds were shown to be less reproducible if the 
stationary please was cl~romatogral~lIcd into the support medium and/or when the 
cl~roniatograms were elutecl in conventional tanks. 

Where a lligh degree of reproclucibility of ZZp values was obtained it was at- 
tributecl to constancy of the .~~I/As ratio in the equation” 

J. Ch’Ollldo~., 46 (1970) IS7-199 
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In cases where the Afil/cls term is constant 
parameter, the Xfif value, has been cleriw#, viz. : 

This term, which is more directly related to the partition coefficient, a, than 

ail alternative cliroi~~atographic 

is the simple RF term, has been usecl to substantiate the validity of the MARTIN 

additivity principle”. The Rnf theory, as applied to paper cliromatograplly has been 

eshaustively reviewed (1. It has also been used successfully in relating the molecular 
structure of phenols to their thin-layer clli-omatographic l~el~aviour7-*3. 

Eqns. (I) and (2) may be combined, viz. : 

Rnl = log o! - log/J a, -t_ log A y (3) 

Provided that Anf remains constant, o! being constant by cletinition, then linear 

plots of X&I VS. log A.9 (or more specifically the log of the concentration of the station- 

ary phase in the solvent used for slurrying the support mechanism) sl~oulcl indicate 
the constancy of the AS term. For metllylated phenols cllron~atogrnl~llecl on layers of 

cellulose impregnated wit11 formaniiclel‘~~ 1.5 or with N-methylatecl formanlicleslS, using 

hesane as the mobile phase, tllis 11,~s been shown to be approximately so. 
In the present investigation, the clirotnatograpliic system of cellulose impreg- 

nated with amides as the stationary phase and hesane as the mobile phase has 
been re-investigated using a clifferent type of solute in an attempt to confirm our 

previous findings 16, Indanols, phenols in which one side of the molecule bears a live- 
membered ring, were chosen for the investigation because we wished to observes if 
any stereo-specific interaction in the alignment of the plienolic molecule with the 

amide surface resultecl from the presence of the fused ring. 

Full details of the esperimental procedure are given in previous papersl*‘q IS. 
Cellulose (15 g MN 300 HR) was slurriecl with solutions (05 ~111:~) of amicles (0.5, 1.0, 

2.0, 3.0, 4.0, 5.0 and 6.0 M) in acetone. The nhture was used to coat glass plates 
(5 x 20 cm x 20 cm) at an appliecl layer thickness of 0.3 mm. 

The cllromatoplates, spotted with indanols (I ,ul of 0.25 Y,{, solutions in cyclo- 
hesane), were eluted with hesane (40 ml) in our double saturation chamber2. 

The visualisation of the inclanols with alkaline potassium pernianganate was 

carried out as previously reportecll. 
z,G-Dimethylpl~enol was used as an internal stanclard on all plates from which 

RF values of indanols were obtained. The high clegree of reproducibility (& 0.01 RI,? 
unit) for this internal stanclarcl was as reported in earlier papersl”~ Is. The RF values 

of the inclanols were also reproducible to -+ 0.01 RF units. These 121~ values (the mean 
of at least 5 determinations) ancl their Rnf values are quotecl in Tables I-III. 

In order to determine the onset of double frontink rlJ. l5 tlic amounts of amicle 

above and below the solvent front were determined. 

.T. Clrrowato.e., 4G (Iwo) 187-199 
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The chrolnatoplates, lacking the solute spots, were preparecl and elutect as 
described above. The mobile phase was allowed to rise 12.5 cm (rrfr 0.5 cm) above 
tile normal point of application of tile ScJlUteS. They were then removed from the 
sandwich chamber and the mobile phase was allowccl to evaporate. After this, hands 
(2 cm in width) were removed From the layers and transferred into flasks containing 
sodium hydroxide (25 cd of 1.0 N). Ethylene glycol was acldccl and the flask ancl its 
contents were heated under conditions of total ref-lux for 2 11. This resulted in the 
hydrolysis of tile amide. After this time the reaction products together wit11 flask 
and condenser washings were transferred to erlennieyer flasks and the e.scess sodium 
hyclrosicle was determined with standard liyclrocliloric acid. From the results obtained, 
the amount of sodium liyclrosicle used in the reaction and hence tile amount of amide 
present in eacli band was determined. 

The results quoted in Tables I-III show tllat tile RF values of the inclanols 

+2.0 
+1.6. 

;:.z. A-A s..... H,CO.N,-, 
+.i.2, Ei+Il~~**** HCO*NH Cb) ? 
+l.O. 0-O~~~.~~HC0.N(Cl+J2 

+0.6* 
+0.6* 
+0.4* 

&+oq. - 

:g:, 

@mid4 moles litre (log scale) 

1 J-methyl -4-indanol 

;9 A 

1-methyl-5-indanol 

IFig. T. liar values (subst. indanols) 

J. Chrotwatog., 46 (1970) r5pIgg 

4- indanol 

3-methyl-S-indanol 

c 1-methyl-4-indanol 

i 

5,7-di-tert.-butyl-4-indanol 

. 4-methyl-5-indanol 

vs. concentration of amiclc in the slurrying solvent (log scnlc). 
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decrease with an increase in the concentration of the amide in the solvent used to 

slurry the support medium, i.e. with an increase in tlie impregnation coeficient of 

the stationary phase. This is to be espectecl because an increase in the impregnation 
coeflicient is reflected in an increase in tile A ,S term of eqn. (I), Tliis bellaviour parallels 
the beliaviour of the nietl~ylated plienols in tlie’same systenis*5. 

Plots of X&f values of the indanols VS. concentration of the amide (log scnle) 

in the slurrying solvent are shown in Fig. x from wliicli it can be seen tlint they arc 
linear over tile bulk of tlie range of coAcentr.ations studied. This can be taken as 
proof of the validity of eqn. (3) and evidence for tile constancy of the As term (01 
at least the Anf/As ratio) in the system studied. 

Deviations from linearity, howe\~er, occur at very low or very high amide 

loadings, the points of deviation for each amide studied being identical with those 

obtained wllen the rnetllylatecl phenols were investigated in tile same systenw*5, 
i.e. they are independent of the nature of the solutes investigated. This conlirrm that 
these deviations are a consequence of tllc cl~ronmtograpliic phases or more specifically 

the stationary phase, i.e. the deviations at low concentration being attributed to 

incomplete coverage of the cellulose 1~~. tlie stationar>. pliase while tliose at high con- 

’ 2-methyl-4-indanol 

5,7-di-terl.-butyl-3-methyl-4- 

6-methyl-5-indanol 

.--. -.- ---_---. -~ 

t 5-indanol 

t 
7-methyl-5-indanol 

F 
~ -. 

6-methyl-4-indanol 

1 6-&-t. butyl-5-indanol 

7 
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centrations were considered to be a consequence of excess stationary phase being 
sloughed off the cellulose and pushed ahead of the mobile phase so resulting in the 
phenomenon of double fronting*“. 

The former of these views is clifficult to prove but evidence for the latter was 
forthcoming from two sources, 

(a) the Xp values of the solutes (indanols and methylated phenols) tending 
towards a minimum, 

(b) visual inspection of the plates after evaporation of the mobile phase showecl 
that the region beyond the solvent front remained damp at high impregnation co- 
efficients, the extent of the damp zone increasing with an increase in the impregnation 
coefficient. 

From the results in Tables I--III and from Fig. I, it is apparent that, for the 
three amides studied, the points at which the linear part of each curve begins and 
ends are not the same but that they occur at progressively higher impregnation co- 
efficients viz. N ,N’-dimethylforn~amide < N-metl~ylformamide < formamide. This 
confirms our findings for the same systems when methylated phenols were used as 
the soluteslb. 

Because fixed volumes of molar concentrations of the amides in acetone were 
used to slurry fixed amounts of cellulose, it is to be expected that, for a given concen- 
tration of amide in the slurrying solvent, the same number of molecules of each amide 
would be present on the cellulose and hence that the points of deviation from linearity 
should coincide for each amide. That this is not so suggests that either our visual 
appraisal of the onset of double fronting is at fault, or that, while the number of 
molecules of the sktionary phase will have some importance in determining the I<JT 
values, some other effect is superimposed on this primary factor. Here, we suggest 
that this addition effect will be related to the molecular dimensions of the molecules 
of the stationary phases. 

In order to assess the creditability of these suppositions it was necessary, in the 
first instance, to determine chemically the amount of amide present above and below 
the stationary phase. This was done by the hydrolytic method clescribed above. 

Layers bearing a high concentration of amide were prepared. For eacll amide 
and for each impregnation coefficient investigated (0.5 lki increments) they were divided 
into two groups. The first of these were not elutecl but the layers were divided into 
bands, each band was removed from the plate and the total amount of amide in each 
band was determined. A uniform distribution of the amide over the layer was observed 
for each concentration. 

The second group of plates was eluted in the usual way, the mobile phase was 
allowed to evaporate and the layers were again dividecl into bands and the amide 
content of each band was determined hydrolytically. The results here fell into two 
groups. 

(a) Where the impregnation coefficient was lower than the values shown in 
Table IV there was little or no difference between the amide conckntration in the bands 
below or above the solvent front, i.e. the distribution of the amide over the layer is 
constant. 

(b) Where the impregnation coefficient for the amide was greater than the values 
shown in Table IV then the amide concentration below the solvent front was fairly 
uniform whereas the amide concentration in the bands above the solvent front were 

J. Clwotnalo~., 4~5 (rg70) 187-Igg 
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variable. In the hnd immediately above the solvent front this concentration was 
at its highest for tile layer, decreasing with an increase in the distance of the band 
above the solvent Iront. Furtl~ermore, the hi.gher the initial inlpregnation coefficient 
of the layers of this category the greater the almount of anlide found in the zones 
beyond the solvent front. These results clearly confirni the esistence of tlic phenomena 
of double fronting. 

The results quoted in Table IV, liowevcr, s11ow tliat in the case of N-nietliyl- 
fornxumicle and N,N’-dimetl~ylforn~an~icle tile onset of double fronting, as cletertmined 
13~ chemical nieans occurred at a sliglltly lower iinlx-egnation coefficient than that 
espectecl froni tile I< I” values thougli tlierc is generally good agreenient between tlie 
two sets of v&ues. 

It is now necessary to correlate these inipregnation coefficients \vitli the rnolec- 
ular dimensions of the amiclcs. Two possible clinlcnsions could be usecl: (a) tile xnolar 
voluime of the aimidc; (b) the paraclior of tlie amide. 

. The fornler, because it is normally cleternlined at the boiling point of the liquid 
to be investigated, ivas consiclerecl to be innlqxopriate for consideration in a cllrormato- 
graphic systcni in wliicli the clironintof5r~~liis were run at teniperatures Lvell helow 
the boiling points of tile licluicl stationary phases usecl. 

Tlic parnclior Lvas tliercforc cliosen as being tlie niorc appropriate imoleculat 
clirmension. Its use for cllromato~~-apllic s~3tciiis consisting of liquid stationary phases 
wliicli are nienibcrs of the sanle lio~iiolog~~us series is particularly significant because 
it represents the relative molar voluinc lor each stationary please when it is measured 
under conditions of unit surface tension, i.e. the molecular interactions of the station- 
ary pliases will be a~qxosinintcl~~ equal and the spreaclnbilit>* of tile phases over the 
support will he the snnic. 

Froni values quoted in a standard test’” \ve have coiiiputecl tlie paracliors of 
the three armides. I;rom the ratios of tllese we ha\ye calculated, relative to formamidc, 
the iimpregnation coef’ficicnts (i.e. tlieir niolar concentrations in tile slurrying solvent) 
at wliicli cloul~le fronting sliould hegin (‘Table IV). ‘I’liese xvalues sliow cscellent ,agree- 
nient with (a) tliose obtained by the constatic>. of lip values and (13) tliose obtained 
chemically for the onset of tliis plicnoiiienoii. 

l~rom these results wc can rationnlisc the olxervecl differences in the points of 
deviation from linearity for tile three amides. Thus, for the sanie inipregnation coeffi- 
cient, forimaniiclc because it lias the siiiallcst molecular diniensions will co\-er a sninllei 
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area of the cellulose than will either of the other two amides. Therefore it will require 
a higher impregnation coefficient of this substrate than either of the other two before 
either the cellulose can be regarded as being fully covered, (i.e. before the lower break 
point of the linear part of the curve, is reached), or before double fronting becomes 
a problem (i.e. the upper break point of the linear part of the curve is reached). 
Similarly a higher impregnation coefficient of N-methylformamide than of N,N’- 
dimethylformamide is needed to reach the same points, These views therefore confirm 
our thesis that the molecular dimensions of a stationary phase are of considerable 
importance in determining the appropriate amount of stationary phase to be used 
in order to devise a chromatographic system in which the mechanism can be consid- 
ered to be a simple partition system beween two liquid phases. The significance of 
these observations cannot be stressed too highly, particularly if the results of the 
chromatographic investigations are to be used either for the correlation of chromato- 
graphic behaviour of solutes with their molecular structures, or if they are to be used 
to interpret the various interactions which are likely to occur between the three 
components of the chromatographic system, viz. solute, mobile phase and stationary 
phase. 

The chromatografihic belaavioacr of the iwfanols 
In the first instance the indanols investigated are best considered as being a 

part of a homologous series. 
An important observation is that the Rp values of 4-indanol in all systems are 

higher than the comparable values for the isomeric g-indanol. The dl?~ values for 
these two (within the limits of experimental error and within the limitations of the 
RM theorya) are comparable with the n R &I values for the pair z-methylphenol and 
4-methylphenol for the same system 15. Because we have already shown that the 
ARM values for the latter pair are a result of steric hindrance of the hydrogen bonding 
between the phenolic proton and the carbonyl osygen of the amide substrate, it is 
reasonable to suppose that such a steric effect exists between the @ri-CH, group of 
the fused ring and the hydroxyl group. Evidence for such an interaction in naphthols, 
tetralols and anthrols has been given by MARCINKIIXWICZ et aZ.17. Using the system 
ethyl oleate-aqueous ethanol, GRAHAM~ observed slight separation of these two iso- 
merit indanols but the ARM values for the two were much smaller than those reported 
here. Undoubtedly the reason for the difference in the results obtained in the two 
investigations is the easier solvation of the phenolic group by the free molecules of 
the mobile phase in the earlier system1 compared with the more difficult solvation 
of the same group by the support stabilisecl molecules of the stationary phases (i.e. 
the amides) used in the present investigation. In the 5-indanol, of course, the fused 
ring is remote from the phenolic group and hence does not interfere with the latter’s 
hydrogen bonding with the stationary phase. 

The importance of the presence of absence of this effect is seen when we consider 
the methyl substituted compound of each parent indanol. The general effect of methyl- 
ation of the parent compound is to increase the RF value of the substituted compound 
relative to the parent. This effect is superimposed on the other constitutive effects” 
already existing in the molecule. Thus the methylated q-indanols all have higher RF 
values than the corresponding isomeric methylated s-isomers and the AR&l value 
approximate to the ARnf values attributed to the ortho effect of the fieri-CH, group. 

J. Ckromatog., 46 (1970) 18prgg 
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This is of signilicance hcause in tile only previous atterupted separation of tliese 

comlxmnds by thin-layer c1iromatograph.y it was observed that the small $mi ovlho 

effect observed for tile parent conipound lost its significance in the nletl~ylated com- 

pouncls*. 

Over and ahve this, the increase in the f<p values of the nietiiylatecl cc.~n~pouncls 

is dependent on the position of tlie inetliyl group relative to the hyclrosyl group. 

Tlius the 5-llietliyl-4-indanol 11as higlier IZr values tlian its isomers. Siniilarly tllc 

RF values of tlie 4-metli~~l-~-incl~ui~~l and tlie 6-metliyl-5-inclanols are lligher than their 

isonlers. Tllcsc liigller values can undoubtedly be attrilmtccl to tlie fact tllat the nietll\*l 

group is oYl/io tu tliey I-iyclrosyl group in tliesc compounds ancl Ilence they escrt a 

steric effect on tlie approach of the plienolic group to tlie aniicle substrate thereb>* 

reducing the liyclrogen bond interaction between tlie two. 

Tlie Llli,~~ values for t1i.e o&ho-nletllyl group in the o-methyl-pindanols coni- 

pared wit11 the non ortho isomers are of tlie order cspectecl for such a group from cm 
previously observed results for simple phenols. In the case of tlie o-liietliyl-4-inclanol, 
however, tlie ~llifi~ values for tlie ovtho-nietliyl group is niucll Iiigher tlian espectecl 
for a single ovtho-methyl group, but it must he reniemberecl tliat in tliis conilx~uncl 

the plienolic group is sterically liinclcrecl on both sides, on tllc one side by the $eYI’ 

CH, group and on the other by the methyl group. ‘J.‘lle greater tllan espectecl result 

is in accord with our previous finding that the steric effect of the second methyl group 

in z,G-climetliylplicnol (coniparecl with 2-nietliylplienol) is niucli greater than that 

of the first (,i.e. a-mctliyll~lienol coniparecl with 4-nietliylplienol)1~. 

ON20 effects aside, some other effects are worthy of consideration. Firstly, the 

clironiatograpliic 13eliaviour of the methyl group is independent of tlie nature of tlic 

ring (i.e. aromatic or alicyclic) into which it is substituted. This is an important oh- 

servation because the nmjor difference between tlie methyl group in the aroniatic 

ring and the same group in the alicyclic ring lies in clii’fercnces in tllcir electronic 

effects consequent upon tlie group being part of a conjugated system in the former 

and not in the latter. This sug$csts that liyl~ercoiiju~atioll as a contrilmtory constitu- 

tivc effect plays littlc part in tlic cllroninto~rapli~~ of these conipouncls, tlius conilirniing 

the similar observation for these conipouncls in a different cliromatograpliic s\*steni 

by GRAFMM~. Other workers 179 IN have attempted to use tile concept of Ilyperconju- 

gation as a constitutive effect in csplaining observed clirc)lnntogr~Ll~liic heliaviour of 

plienolics but alternative esplnnations of tlicir results have been cslx-essecllO. Overall, 

therefore, am.1 supported bj- a rational review of tlie plicnonicnon of liyperconjuga- 

tion2’), the esistence of this efhzt its a constitutive cli~o~nato~r~~l~liic pmnietcr must 

lx treated ivitli sonic caution. 

Finally, in connection witli tlic nictli~*htcd inchnols, lve olxcrvc tliat tllc 7- 

isomer has tlic lonfest 1\1p values and Iicnce is just scpral>lr from tlie other non or/ho 

nietliylatecl isonicrs. 

Changing the nature of tlic sulxtitutcnt from a nietliyl group to a tevt.-but~~l 

group has the result of increasing tht: size of tlic non-polar part of tile niolccule and 

lience its solvation by tile non-polar mobile pliasc. Tliis causes an increase in I\‘p 

values. This is to he espcctcd from our previous stuclies in the methylatecl pl~cnols~” 

and from tile application of the Mr\n-rrs adclitivity principle6. Tlie rclntionsliip lx+ 

twcen tlic size of a sulxtituent ancl its stcrk effect is clcarl>* slio\vn in tlie results fol 

‘i-tel’t.-l,ut?,l-~-irldallol and 6-le~~t.-l~ut~~l-5-iIlcl~~n~~l. In tllc former tile stcric effect results 
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from the smaller ficri-CH, group whilst in the latter it stems from the tert.-butyl 

group and hence this latter compound has the higher XF value of the two. 
Consideration of Tables I-III and of Fig. I show that the RIP values of all the 

compounds studied depend upon tile nature of the amide investigated; the values 
obtained on formamide being far higher than the values for the other two amides. 
The differences in values for the indanols on N-metl~ylforn~amicle and N,N’-climethyl- 

formamide, however, are muc?l smaller. ,This behaviour again parallels the behaviour 

of the methylated phenolsl” in the same systems. Such. behaviour is turned to acl- 

vantage in the case of the two conlpouncls, 5,7-di-LA.-butyl-4-inclanol and 5,7-di- 

tert.-butyl-3-methyl-4-inclanol (compounds S ancl 9 in Tables I-III). Although listed 
as two compounds, the original sample was suppliecl as a single compound (No. 8). 
When this was chromatographed on N-methylformamide and N,N’-dimethylform- 
amide at high impregnation coefficients the sample was resolved into two clistinct 

spots of equal size and the problem was to identify them. The ARM values in the two 
systems were too small to suggest a tri-tcrt.-butyl compound but suggestecl the 

possible presence of a methyl group in the compound with the higher ZZp values. The 
original compound 8 was synthesised by butylation of 4-indanol obtained from coal 
tar fractions and it is known that the 4-indanol is often contaminated with 3-methyl- 

4-indanol21. Thus butvlation of impure q-indanol would yield a mixture of compounds 
S and 9. For this realon we have tentatively identified compound No. 9 as the 5,7- 
di-tert.-butyl-3-methyl-4-inclanol. However, it must be stated that the presence of 
the methyl group in the 3 position will result in a steric effect on the 01-I group- 
substrate hyclrogen bond. This was taken into consideration in attempting to identify 

compound No. 9. The AR&r values of compounds S and 9 are of the order espectecl for 
an ortho-methyl group. Hence, though positive identification of the structure of 
compound 9 on the basis of its RI,~ values above is not possible, it seems probable that 
the compound has been correctly identified. 

CONCLUSIONS 

The results of this investigation show that the chromatographic bellaviour of 
inclanols on amides is dependent upon: (a) the impregnation coeficient of the amide 
used, (b) the molecular dimensions of the amides, (c) hydrogen bonding between the 

proton of the phenolic group and the carbonyl oxygen atom of the substrate, (cl) 
steric effects inherent in the molecules to be separated. 

The above factors are all combined to given successful resolution of the 4-inclanol 
series from the corresponding 5-indanols. 
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