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SUMMARY 

The chromatographic mobility of steroidal glucosiduronic acids on paper in 
chloroform-formamide increases as the concentration of ion exchanger in the chloro- 
form phase increases; mobility decreases as the concentration of counterion in form- 
amide increases. Mobility of glucosiduronic esters and of hydroxylated free steroids 
increases with an increase in concentration of exchanger; small changes in concen- 
tration of counterion in the stationary phase do not alter the migration of these 
nonionizable compounds. Data are presented which suggest that partition of the 
glucosiduronic acids between the two phases occurs predominantly by an ion- 
exchange process and that hydrogen bonding plays a secondary role. Partition of the 
glucosiduronic esters and hydroxylated free steroids appears to occur primarily by a 
hydrogen-bonding process. 

INTRODUCTION 

In a previous paper’ we,demonstrated that various solvent systems whiq,h are 
commonly used to chromatograph free steroids become suitableforchromatographing 
the corresponding steroidal glucosiduronic acids if a liquid ion exchanger’ is added 
to increase the solubility of the conjugate in the less polar (mobile) phase. In the pres- 
ent paper l l we describe the influence of changes in concentration of exchanger and 
counterion on the mobility of glucosiduronic acids, esters, and free steroids in a 
solvent system of chloroform-formamide. 

* The organic amincs und amine salts cmploycd in this paper are rcfcrrcd to as “liquid ion 
exchangers” cvcn though thcsc substances may participate in the interchange of neutral compounds 
bctwcen the phases of the chromatography system. 

l * A subsequent pnpcrl” will give the chromatographic mobilitics of a group of steroidal gluco- 

siduronic acids in the prcscncc of various liquid ion cxcharrgcrs. 
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THEORETICAL CONSIDERATIONS 

Cerrai and Testa have applied a mathematical equation to express the parti- 
tion phenomena that occur when ionizable substances are chromatographed on strips 
of paper that are impregnated with a liquid ion exchanger which serves as the sta- 
tionary phase. An analogous equation may be applied to chromatography systems 
in which the liquid ion exchanger is present in the mobile phase. 
Consider the following reaction 

rlR4NX i- R’(CO,-), = (R4N),,R’(C0,),, -t /IX- (l) 

R4NX represents a quaternary, tertiary. secondary, or primary ammonium compound. 
R’C02- stands for a glucosiduronate ion, II is equivalent to the number of carboxyl 
groups in the glucosiduronate. (l$N),,R’(C02),, is a complex formed from the ion 
exchanger and glucosiduronate. and X- is an anion (Cl-, AcO-, etc.). From eqn. I 
the following relationship, analogous to that of Cerrai and Testat. may be derived: 

R&l = -17 106 CRtNXl,,, -I- 11 log [X-Js -t- const. (2) 

RM is defined3 as log [(l/R,) -’ I]. and subscripts !ZI and s refer to the mobile and sta- 
tionary phases, respectively. If the concentration of anion,,jn the stationary phase is 
held constant, the line resulting from a plot of R,+, vs. log [R,NX],,, should have a 
slope of --II. Conversely, if the concentration of exchanger in the mobile phase is 
held constant, a plot of RM vs. [X-],q should produce a slope equal to 17. 

For nonionizable compounds such as glucosiduronic esters and free steroids, 
in which the exchanger forms a hydrogen bond with one or more hydroxyl groups, 
the following equation may be used to relate mobility of solute to concentration of 
organic extractant. 

Rh, = --II log [R,NX],,f+ const. (3) 

Application of the foregoing equations to interpretation of the experimental results 
is given in the discussion. 

MATERIALS AND METHODS’ 

Cl7et77icals 

Tetraheptylainmonium 
- 

halides were obtained from Eastman Organic Chemi- 

l Abbreviations: ALA-2 -= Ambcrlite LA-2: Aliquat 336 = mcthyltricaprylylammonium chlo- 
ride : &cortol3-GA = 1 l/l, 17.2Ofi.2 1-tetrahydroxy-S/j’-prcgnan-3rr-yl /f-D-glucopyranosiduronic acid ; 
EGA = I7-hydroxy-3,11,20-trioxopregn-4-en-21 -yl /I-D-glucopyranosiduronic acid : FGA = 11&17- 
dihydroxy-3.20.dioxopregn-4-cn-21-yl P-D-glucopyranosiduronic acid: GA = P-D-glucopyranosyl- 
uronic acid group; GMe = @-D-g!ucopyranosyluronic methyl ester; QGA = 3,20-dioxopregn-4-cn- 
21-yl P-D-gliicopyranosiduronic acid; SGA = 17-hydroxy-3,20-dioxoprcgn-4-en-21-yl fl-o-gluco- 
pyranosiduronic acid ; TA- Br = tetrahcptylammonium bromide; TA -Cl = tetraheptylnmmonium 
chloridc:TA*I = tetraheptylammoniumiodidc:TA~NOJ =i: tctrnhcptylammoniumnitrate;TA~OAc 
= tetraheptylammonium acetate: (TA)2*SOo - tetraheptylammonium sulfate: THE 3-GA = 17.21- 
dihydroxy-1 1,20-dioxo-S/Lpregnan&z-yl /j-D-glucopyranosiduronic. acid : THF J-GA = 11&17.21- 
trihydroxy-20.oxo-SD-pregnan-3u-yl /h-glucopyranosiduronic acid: TWA 3.21-diGA = 11.20.di- 
OXO-5~-Pregnan-3~,21-ylcnc di(/j-r)-ylucopyranosiduronic acid): TOA = tri-woctylaminc: XLA-3 = 
Amberlite XLA-3. 
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cals (Rochester, N.Y., U.S.A.). Other tetraheptylammonium salts were prepared by 
washing a chloroform solution of TA.Cl with an aqueous solution which contained 
an excess of the appropriate silver salt. The organic phase was filtered, washed with 
water. concentrated it7 I*CICUO to remove most of the solvent, titrated’ with sodium 
dodecyl sulfate, and diluted to the appropriate volume with chloroform. Analysis4 of 
(TA)2*S04, prepared. by this method, indicated two tetraheptylammonium radicals 
per sulfate group. 

The following additional ion exchangers were used : Aliquat 336, from General 
Mills (Minneapolis, Minn., U.S.A.); TOA, from K & K Labs. (Plainview, N.Y.. 
U.S.A.); ALA-2 and XLA-3, from Rohm & Haas (Philadelphia, Pa.. U.S.A.). The 
hydrochlorides of the latter three amines were prepared by the previously described 
procedures. 

TA*CI from the manufacturer contains material that absorbs strongly in the 
hydroxyl region of the infrared (IR) spectrum. To prepare TA’CI for use in deter- 
mining IR spectra in this region a solution of the substance in chloroform was washed 
repeatedly with water, concentrated to an oil iu va~uo and diluted to the appropriate 
volume with alcohol-free chloroform, TA* I and TA * Br from the manufacturer and 
the TA’ NO3 which we prepared required no further purification. TA. OAc and 
(TA)I*S04 appeared to hold water avidly. The former was dried by dissolving 3 
mmoles of it in 45 ml benzene, distilling off 30 ml at atmospheric pressure, removing 
the remainder i/l vucwo, and diluting with alcohol-free chloroform. A solution of 
(TA)2*S04 in chloroform was dried over anhydrous calcium sulfate. 

Sodium (cholest-5-en-3P-yl /3-D-glucopyranosid)uronate” (sodium cholesterol 
3-glucosiduronate) was kindly supplied by Dr. John J. Schneider (Jefferson Medical 
College, Philadelphia, Pa., U.S.A.). Cholesterol 3-glucosiduronic acid was prepared 
by acidifying an aqueous ethanolic (80:20) solution of the sodium salt to a pH of 
3,O with HCI. concentrating in vacua and filtering. All other steroidal glucosiduronates 
were synthesized in our laboratol’y ‘*“. The structures of these substances are shown in 
Fig. 1. 

Chronfalography 
Procedures given previously’ for preparation of reagents ,and for chromato- 

graphy of steroidal glucosiduronates were followed. Chromatograms were run in a 
system of chloroform-formamide to which was added ion exchanger and, in some 
cases, salt for counterion (KCI, KOAc, etc.). The mobile phase (chloroform) contained 
ion exchanger of the concentration indicated, and the stationary phase (formamide) 
contained, where indicated, a salt which had an anion in common with the ion ex- 
.&anger being employed (KCI with TA-Cl, KOAc with TA*OAc, etc,). A sheet of 
paper was impregnated by drawing it through a mixture of formamide-methanol 
(30:70) and allowing it to dry jn air for about 5 min. When a salt was used, it was 
dissolved in formamide to give the desired concentration and then the solution was 
diluted with methanol (30:70). A value for concentration of salt in the formamide 
(stationary) phase is actually the concentration of salt in the formamide before it was 
diluted with methanol. 

For detection of a 17,20P,21-trihydroxy compound on a chromatogram a 
modification of the procedure of De Courcy and Schneider9 was used. The paper, 
which had been dried to remove the stationary phase, was sprayed with n 1 “A, periodic 
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Fig, 1. Structrwcs of steroirinl glucosiduronatcs. 

acid solution (0.40 N HrS04 in 75% ethanol), the damp paper was kept between two 
glass plates for 30 min and then dried in air; subsequently, it was dipped into a freshly 
prepared mixture (I : I) of 4 N KOH in methanol and 2 “/, nt-dinitrobenzene in ethanol, 
blotted between two sheets of paper and placed between glass plates for viewing. 17- 
Ketosteroids formed by this treatment are revealed as violet spots. 

When quantitative determinations of TA -Cl and formamide were to be made 
on a finished chromatogram, the paper was premarked with a lead pencil so that it 
could be divided into strips 2.0 cm wide. Immediately after development, the chloro- 
form front was marked and a 2.0.cm-wide vertical strip was removed from the center 
of the paper for detection of the TA*Cl front’. The remainder of the chromatogram 
was cut into horizontal strips as marked, each strip having a surface area of,32 sq. 
cm. The strips were cut into small pieces, placed in a glass-stoppered flask containing 
water and disintegrated into a pulp by shaking vigorously. TA*C!I was extracted 
from the pulp with 1,Zdichloroethane and titrated with sodium dodecyl sulfate’. For 
determination of formamide, the pulp was filtered and rinsed with water; an aliquot 
of the filtrate was analyzed by the Kjeldahl procedurelO. 
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Znfrarecl spccfra 
Spkctra were taken on a Bgckman IR-18 instrument. For solutions, matched 

O.lO-mm cells were used with an appropriate glucosiduronate concentration (O.lO- 
0.20 M). 

RESULTS 

During the development of a paper chromatogram there is normally a gradient 
in weight of solvent per unit itrea of paper as the solvent flows from the starting-line 
toward the end of the paper ‘I. Since TA*Cl is relatively non-volatile, it was possible 
to measure this gradient on a chromatogram which had been developed in a chloro- 
form-formamide system (0.10 M TA.Cl in the mobile phase, 0.10 M KCI in the 
stationary phase). As shown in Fig. 2, there was a gradual decrease in the amount of 
TA*Cl per unit area of paper on moving from the origin toward the chloroform front; 
at a point equivalent to an RI: value of about 0.85 there was a marked decrease in the 
amount of TA’CI per unit area of paper. Variations in the amount of formamide over 
this same area were much smaller. 

ox 
0.6 
0.5 
012 
0.3 
0.2 

RF 

Fig. 2. Amounts of TA*CI (0-C)) and formamide (A- &,) at various distances from the origin on 
a finished chromatogram. Values on the ordinate are relative to the amount of component per unit 
arca of paper at RI’ =. 0. RF - (distance to center of strip)/(distnncc to CHCI., front). 

Fig. 3 shows the mobility of a series of steroidal glucosiduronic acids, glucc- 
siduronic esters and free steroids as a function of the concentration of TA.Cl in 
chloroform. Except for acids E, F, and G at the highest concentration of TA’CI. 
there was a linear relationship between the mobility (R,,) and the concentration of 
TA*Cl (as log concentration in moles per liter) for all of the compoilnds. The slope’ 
11 of the line for diglucosiduronic acid X (left panel) was - I .G; slopes of the lines for 
monoglucosiduronic acids (A to G) ranged from - 1.2 to -I .O. Slopes of the lines 
for the esters (center panel) extended from - 1.0 to -0.5; those for the free steroids 

* In the ideal case, the slope II should indicntc the niimbcr of molecules of ion cxchunger com- 
bined with one molcculc of solute, 
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Fig. 3. Rs, values of steroidal glucosiduronic acids, glucosiduronic methyl cstcrs. and free steroids KY. 
log concentration of TA*CI in the mobile phase. A, B, C etc. designate the same steroid nucleus in 
each panel. For the left panel: A = p-cortol 3-GA: I3 = THF 3-GA; C - THE 3-GA: D = FGA: 
E = EGA; F = SGA: G = QGA: X - THA 3.21-diGA. For formulas and abbreviations, see Fig. 
I and footnote on pages 26 and 24. rcspcctively. 

(right panel) ranged from -0.8 to -0. I. As the I?,+, values of the glucosiduronic esters 
and the free steroids decrease. there is a marked decrease in the slopes of the lines: 
this subject is discussed below. 

In none of the foregoing chromatography systems was KC1 used. This salt. 
when present in the formamide phase, decreases migration of the glucosiduronic acids: 
migration of the esters and free steroids is not changed. For monoglucosiduronic 
acids in 0.1 M TA*Cl the presence of 0.05 M KC1 decreased mobility by about 0.45 
RM units. The slopes of the lines representing RM vs. log [TA*Cl] for the glucosid- 
uranic acids were more negative by 0.1 to 0.2 unit than in the absence of KCI. 

From the plots in Fig. 3, there appears to bc a general trend toward decreasing 
slope with increasing mobility (decreasing R,,,) for the three classes of compounds. In 
Table I, the relationship between the chromatographic mobility of a compound in 
0.10 M exchanger and the slope of the line representing RM vs. log [exchanger] is 
summarized for the acids when chromatographed in the presence of three clifferent 
ion exchangers. With the exception of the diglucosiduronic acid, which is atypical, 
the acids are arranged in order of increasing mobility. When TA* OAc or TA. Cl was 
used as exchanger, the slopeS’of the lines representing R,+, vs. log [exchanger] decreased 
as the mobility of the compounds in the series increased: slopes obtained when 
Aliquat 336 was used as exchanger were similar to those obtained with .TA*Cl. There 
was no significant change in slope for the group of compounds when the primary 
amine hydrochloride XLA-3 * NC1 was employed. The tertiary amine hydrochloride 
(TOA* HCI) and the secondary amine hydrochloride (ALA-2. HCI) gave slopes which 
were nearly identical wit11 those observed with XLA-3 - HCI, Glucusiduronic acids 
tend to streak on paper chromatograms employing TOA* HCl. ALA-2eHCl and 
XLA-3. HCl when no KC1 is employed in the stationary phase. 

For none of the foregoing solvent systems did the linear relationship between 
R,,, and log [exchanger] persist when the concentration of exchanger in the mobile 
phase was higher than 0.20 M. In addition, in most cases the linear relationship did not 
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TABLE I 

RELATIONSHIP BETWEEN MOBILITY OF STEROIDAL GLUCOSIDURONIC ACIDS 
AND THE SLOPE OF A PLOT OF Rar 1’s. log [Exchanger] 
RI: values in the table were obtained with 0.10 M cxchanycr in the mobile phase and with 0.10 M 
countcrion in the stationary phase. For counterion. KOAc was used with TA* OAc, KCI with 
TA*Cl and XLA-3. HCI. For dctcrmining slopes, R ,,, values wcrc obtained using 0.20. 0.10. 0.05. 
0.025, 0.0125, and 0.0063 M exchanger while holding the concentration of countcrion constant. For 
the first four compounds, 0.10 M KOAc was used as countcrion with TA*OAc: 0.05 M KCI wa.s 
used with the other exchangers, For the last four compounds, 0.40 M KOAc was used wit11 TAeOAc: 
0.20 M KCI with the other exchangers. Rn, values which cxccedcd I .7 wcrc not used for dctcrmining 

.~. 
THA 3,2 I -diG A- 
/I-Cortol 3.GA 
THF 3.GA 
THE 3-GA 
FGA 
EGA 
SCA 
QGA 

R,: SJop 

0.51 -2.2 
0.18 -1.7 
0.21 -1.6 
0.52 -- I.6 
0.71 -1.6 
0.81 - I.4 
0.87 -. I .4 
0.91 -1.1 

TA*CI -’ 
i,> sfope 
0.028 .-. I .7 
0.018 ---. 
0.02B -‘.’ I ,3 
0.089 ..- 1.3 
0.20 --. 1 .3 
0.47 --. I .2 
0.61 --- I .2 
0.78 -1.1 

XLA-3. /kt 
._.. 

RF Slope 

o.oi 3 .-’ i.6 
.~r:o.olo .-- 

0.01 I -- 
0.022 ‘-“0.x 
0.070 -0.9 
0.27 --’ 0.9 
0.52 -0.8 
0.76 -_- 0.8 

persist tg mobilitics corresponding to RF values greater than about 0.60; this type of 
behavior is not restricted to solvent systems which contain liquid ion exchangers but 
is characteristic of partition chromatography on paper in tankslz*13. 

Table I also shows that for a particular solute there is a marked difference in 
the slope of the line representing R,+, w. log [cxchang&r] when different exchangers 
are employed. For all of the compounds tk order of effect on mobility is TA.qAc > 
TA. Cl > XLA-3 - HCI. The slopes of the lines representing R,, ‘KS. log [exchanger] 
decrease in the same order. 

Table II summarizes the relationshi’ps between chromatographic mobilities 
and slopes for the methyl esters. The observations for the esters are analogous to those 
made with the acids: slope is directly dependent on the polarity of the solute and on 
the intrinsic strength of exchanger. 

Fig. 4 illustrates the effect of a sixteen-fold change in the concentration of 
counterion on the chromatographic mobility of a series of glucosiduronic acids; in 
these experiments the concentration of exchanger in the chloroform phase was held 
constant. For each of the exchangers there is a segment of line with a slope of about 
0.8 for monoglucosiduronic acids D, E. F, and G. With TA*CI as exchanger the rec- 
tilinear portion extended from 0.0125-0.20 M counterion; for TA. OAc and XLA-3 - 
HCI linearity extended from 0.10-0.80 M counterion. 

Migration of the diglucosiduronic acid (X) was retarded even more strongly 
by counterion, the slopes being I .7, I .3, and I.6 in TA*OAc, TA.Cl and XLA-3. HCI, 
respectively. When the tertiary amine salt (TOA.HCI) and secondary amine salt 
(ALA-2. HCI) were used as exchangers in association with KC1 the findings (not 
shown) for monoglucosiduronic acids were very similar to those with XLA-3, HCI 
and KCI. 
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TABLE II 

RELATIONSHIP BETWEEN MOBILITY OF STEROlDAL GLUCOSIDURONIC METHYL 
ESTERS AND THE SLOPE FROM A PLOT OF Rsr vs. log [cxchangcr] 
RF values in the table wcrc obtained with 0.10 h4 cxchnnger in the mobile phase; no counterion was 
added to the stationary phase. For obtaining slopes, Rlc values were dctcrmincd for a scrics of con- 
ccntrations of exchanger, each concentration being half that of the previous run. The ranges over 
which the conccntrationswcrc varied were: forTA*OAc.O.lO-0.0125 M; for TA*CI (see Fig. 3)and 
XLA-3. I-ICI, 0.20-0.025 M. Rn, WILICS which exceeded 1.7 were not used for determining slopes. 

Cmlporold’ Hjvlrosyl E.wIrnrr,ger 
.qrorrps _ 

TAqOAc TA*CI XLA-3. HCI 
-_.-_ _..... - . 

Rr: Slope R,: Slope R,: Slope 

THA 3,21-tliGMc_ G 0.37 -1.G 0.029 -1.1 - - 

/LCortol 3-GMe 7 0.16 - 1.4 0.018 - - - 

THF 3-GMc G 0.18 -‘I.3 0.027 -0.9 -- - 
FGMc 5 0.40 - 1.3 0.080 -0.9 - - 
THE 3-GMc 5 0.45 -1.3 0.087 -0.9 - - 
EGMc 4 0.60 - 1.2 0.17 -0.9 0.046 -0.4 
SGMc 4 0.72 -1.2 0.29 -0.8 0.089 -0.4 
QGMc 3 0.85 -0.9 O.GH -0.5 0.43 -0.1 

- -._ 
l GMc = Methyl P-D-glucopyranosiduronatc 
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Fig. 4. Rrr Val~~cs of glucosiduronic acids ):y. log concentration of countcrion in the formamide phase. 
The concentration of cxchangcr in the mobile phase WRS held constant (O-0, 0.0125 M TA*OAc: 
O-.,0.05 MTA*OAc; A--A,O.OS MTA*CI: A--A.O.20 MTA*CI:O---0.0.05 M XLA-3*HCl: 
I-=, 0.20 MXLA-39 I-ICI). X == THA 3,21-diGA: D = FGA: E - EGA; F - SGA: G = QGA. 
For formulas and abbreviations, see Fig. I nncl footnote on pages 26 and 24, respcctivcly. 

In contrast to the foregoing results, variation of the KC1 concentration from 
0.025 to 0.20 A4 did not change the mobility of a group of free steroids, monogluco- 
siduronic esters. or the diglucosiduronic ester (THA 3,21-diGMe) in the presence of 
0.20 M TA *Cl. 

Evidence that the carboxyl group of R glucosiduronic’acid exists as a salt-like 
structure in a chloroform solution of ion exchanger was provided by comparison of 
the IR spectra of alkylammonium cholesterol 3-glucosiduronates in chloroform with 
the spectra of cholesterol 3-glucosiduronic acid and sodium cholesterol 3-glucosid- 
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uronate in KBr. These and other relevant data are summarized in Table III. Choles- 
terol 3-glucosiduronic acid was employed because (1) it hns no function that interferes 
with detection of the carboxyl absorption in the range of 1800-1600 cm-‘, and (2) it 
is sufficiently soluble in a chloroform solution of ion exchanger to give a strong car- 
boxylate band. 

TABLE III 

WAVE NUMBER OF CARBOXYL BAND AND STATUS OF CARBOXYL GROUP 

_ . _ 
Steroidal glucosiduronic acids 

(IO compounds)* 
Cholcstcrol 3-glucosiduronic acid 
Steroidal glucosiduronatc salts 

(IO compounds)’ 
Sodium cholcstcrol 3q&rcosiduronatc 
Tctrahcptylammonium cholcstcrol 

3-glucosiduronatc 
Tri-rr-octylammonium cholesterol 

3-glucosiduronatc 
Tctrahcptylammonium acetate’ 
Tctrahcptylammonium lactate’ 

Cotrccwlratiorr 
o/’ sol1rte 

1 “/, in KBr 
1 ‘X, in KBr 

1% in KBr 
1% in KBr 

0.20 M in CHCIJ” 

0.13 M in CI-ICIJ’*’ 
0,20 M in Cl-ICI., 
0.20 M in CNClj 

-.___.. _. .._ 
(,P,,,i CI,I-~~) Status of 

carboxyl group 
_ _ . . _ . - 

1730-I 790 ucid 
1750 acid 

ISgO-1610 salt 
lGl0 salt 

1615 salt 

1 GO0 salt 
1570 salt 
lGO0 salt 

l Synthesized aad characterized in our laborntory70”, and unpublished results. 
l ’ Solution 1.0 M with TA.Cl. 

l ‘* Solution 2.3 M with TOA*HCI. 

The ability of alkylammonium salts to form hydrogen bonds with hydroxyl 
groups of alcohols and phenols in various solvents is well knownlJml”. Even in the 
absence of exchanger, the hydroxyl groups of glucosiduronates are associated and the 
IR spectra show a broad, intense general hydroxyl band at about 3450 cm”. Conse- 
quently, free steroids having a single hydroxyl group were chosen as models for dem- 
onstrating the influence of liquid ion exchangers on the wave number of hydroxyl 
absorption. The effect which three concentrations of TA*CI had on the hydroxyl 
absorption of cholesterol (3&01-I), corticosterone 21-acetate (1 lj%OH), 17a-hydroxy- 
progesterone (17a-OH), and I I-deoxycorticosterone (2l-OH) in chloroform is shown 
in Table IV. TA.Cl had almost no effect on the intensity or wavenumber of the 3-0~0 
band (1660 cm’*) or the r14 band (1616 cm-‘) of corticosterone 21-acetate, 17a- 
hydroxyprogesterone and 11 -deoxycorticosterone. 

When different tetraheptylammonium salts were added to a cllloroform solu- 
tion of cholesterol, displacement of the hydroxyl band varied, as shown in Table V. 
The influence of tllese tetraheptylammonium salts on the chromatographic mobility 
of methyl glucosiduronates in chloroform-formamide is shown in Table VI. With the 
exception of the order of Br- and NO3’ the further an exchanger displaces the OH 
band of cholesterol from 3610 cm- ’ (Table V) the greater effect it exerts in increasing 
tire RF value of a glucosiduronic ester during chromatography (Table VI). The hy- 
drochlorides of TOA, ALA-2, Rnd XLA-3 also decrease the intensity of the unasso- 
ciated OH band of cholesterol in chloroform; however. they produce smaller effects 
than the same concentration of TA-Cl. 
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TABLE IV 

APPARENT OPTICAL DENSITIES OF THE HYDROXYL BANDS OF 0.10 M SOLUTIONS 
OF STEROIDS IN CHLOROFORM IN THE PRESENCE OF 0.00, 0.20, 0.40, AND 0.60 M 
TA*CI 

. 

Cort1porrrd 

._. 
Molarily Wawwrmber (en;-‘) of i~y&*yI bbhf 
ofTA*CI -. --. . 

Morrorueric Self--nssoci~~t~cl barrtl 
bUlld 

3&o 3500 3490 3480 

0.00 0.074 - - ._. 
0.20 0.044 - _-. .- 
0.40 0.022 - - - 
0.60 0.009 - .-- _- 

tiholc&~ 

3300 ..’ 3240 32so 

0.000 - - 
0.068 - -- 
0.102 -- _- 
0.137 - .- 

Corticostcronc 
21-acctatc 

l’la-Hydroxy- 
progcstcronc 

11 -Dcoxy- 
corticosterone 

TABLE V 

0.00 0.069 
0.20 0.030 
0.40 0.015 
0.60 0.004 

- 
- 

.- 

- 
- 
_- 
.-. 

0.019 0.000 - -. , 
masked 0.104 - - 
masked 0.160 - .-- 
milsked 0.192 -. -- 

0.00 0,025 
0.20 0.012 
0.40 0.003 
0.60 0.000 

0.00 -_ __ 0.051 - 
0.20 -. -_ 0.045 - 
0.40 .._ 0.033 .- 
0.60 _- .- 0.029 - 

0.035 -- -- 
0.023 - - 
0.013 -- -- 
0.010 .- - 

EFFECT OF TETRAHEPTYLAMMONIUM SALTS ON THE 
HYDROXYL BAND OF CHOLESTEROL 1N CHLOROFORM 

.- 0.002 - 
- 0.090 -- 
- 0.140 - 
__ 0.175 - 

- 0.002 
- - 0.038 
_-_ - 0.068 
- - 0. IO5 

WAVE NUMBER OF THE 

The tctrahcptylammonium salt solutions were 0.6 M with rcspcct to the tctrahcptylammonium group 
cholcstcrol was 0.2 M. 

._ _ 
Tctrcrhcptylnnrr,lorrirrr,t G,,,,,x. (cm- I) of .!I 3 ~cw ‘) 
salt en~ployd Itydroxyl hmrd 

. . . . 
None -j,,O ‘- _ 
Iodide 3395 215 
Nitrate 3385 225 
Bromide 3345 265 
Chloride 3300 310 
Acetate 3240 370 
Sulfate 3200 410 

DTSCUSSION 

The influence of concentration of ion exchanger and counterion on the chro- 
matographic mobility of steroidal glucosiduronic acids and of nonionizable steroids 
may be interpreted by use of eqns. 2 and 3, We postulate that in the chromatography 
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TABLE VI 

RF VALUES OF GLUCOSIDURONATE.ESTERS IN THE Cl-ILOROFORM-FORMAMIDE 
SYSTEM IN THE PRESENCE OF VARIOUS TETRAHEPTYLAMMONIUM SALTS 
The mobile phase was 0.10 M with rcspcct to the tctrahcptylammonium group. 

Cor?lpornrcl RF 
..- 

TclmJrr*?~Jrr,nnrorrirrr,I snlt e&&d 

THF 3-&Me 
FGMc 
THE 3.GMc 
EGMe 
SGMc 
QGMc 

. 
Br~mirkc 

. _ 
lorJidc Nitrutc CJt Jor ic?e ncernrc Sttljir rc 

b.dlO 0.0;2 0.032 
.._ 

0.016 0.19 0.24 
0.015 0.035 0.043 0.088 0.40 0.49 
0,022 0.047 0.056 0.12 0.46 0.47 
0.048 0.096 0.12 0.22 0.60 0.62 
0.1 I 0.21 0.23 0.38 0.72 0.74 
0.54 O.G6 O.GG 0.78 0.85 0.82 

,. 

of tile glucosiduronic acids in chloroform-formamide in the presence of an ion cx- 
changer the transfer of glucosiduronate between phases occurs predominately by an 
exchange of ions (as defined by cqns. 1 and 2) but that formation of hydrogen bonds 
between the anions of exchanger and hydroxyl groups of the solute (eqn. 3) plays an 
ancillary role. We assume that the effect which liquid ion exchangers have on the parti- 
tion of neutral hydroxy compounds (glucosiduronic esters and free steroids) between 
chloroform and formamide is produced chiefly by formation of hydrogen bonds. 

For chromatography systems which obey the law of mass action and in which 
the active solvent is not associated, it is generally considered’“*” that II (the slope of 
Rhf vs. log [extractant]) represents the number of molecules of extractant which com- 
bine with one molecule of solute. It may be observed that for a particular ion exchanger 
the slope of Rw vs. log [exchanger] for the diglucosiduronic acid is from 1.5-2.0 
times as great as the slope for QGA, a monoglucosiduronic acid which has no hy- 
droxyl group other than in the glucosiduronate moiety. The mobility of all of the 
glucosiduronic acids is decreased by the addition of counterion. the slope of R,,, IS. 
log [counterion] for monocarboxylic acids (Fig. 4) being 0.7-0.8 and that for the di- 
carboxylic acid being 1.3-1.7. The IR spectrum of the product formed when choles- 
terol glucosiduronic acid is extracted from water into a chloroform solution of liquid 
ion exchanger indicates that the carboxyl function is present in a salt-like structure 
(ion pair) rather than as COOH. These findings concerning ion exchange are in har- 
mony with the observation that an exchange of ions actually occurs in the extraction 
of a glucosiduronic acids from water by a solution of TA.Cl in chloroform. 

The free amincs (TOA. ALA-2 and XLA-3) have an insignificant influence on 
the chromatographic mobility of glucosiduronic esters in the chloroform-formamide 
system; the corresponding hydrochlorides have a detectable but weak effect, the 
slopes of RM VS. log [exchanger] being -0.1 to -0.4 (Table II). The quaternary ex- 
changer TA.Cl has a strong effect on the mobility of the esters (the slope being -0.5 
to - I .I ) and its acetate analogue (TA - OAc) has a still greater effect (the slope being 
-0,9 to - I .G). In Table 11 it is apparent that as the number of hydroxyl groups of a 
glucosiduronic ester increases the slope of R,,, vs. log [exchanger] increases. Changes 
in concentration of counterion in the stationary phase over a range of sixteenfold 
produces a negligible effect on the mobility of nonionizable steroids. 

, 
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Data in Tables IV and V indicate that the anions of quaternary exchangers 
can form hydrogen bonds with the hydroxyl groups of cholesterol and 17a-hydroxy- 
progesterone and analogous compounds. The general correlation between magnitude 
of shift of a hydroxyl band by an ion exchanger and the effect that the exchanger pro- 
duces on the chromatographic mobility of glucosiduronic esters (Tables V and VI) 
implies that formation of hydrogen bonds contributes importantly to the clrromato- 
graphic mobility of the esters. These results are in accord with the previous finding’” 
that for a series of proton acceptors which are very similar in structure commonly 
there is a close relationship between magnitude of shift in frequency of a hydroxyl 
band and strength of the hydrogen bond which is formed. 

For the primary amine hydrochloride (XLA-3. HCI) the slopes for the various 
acids in a plot of RN vs. I,og [exchanger] are smaller (Table I) than the number of car- 
boxy1 groups present in the substance. For the quaternary exchanger (TA.Cl) the 
slopes for the monoglucosiduronic acids are from 0.1-0.3 unit greater than,the num- 
ber of carboxyl groups; for TA*OAc. which is strongest relative to hydrogen bonds, 
the slopes are from 0.1-0.7 unit greater than the number of carboxyl groups present. 
In view of these observations it seems very probable that both ion exchange and hy- 
drogen bonding are involved in the chromatography of glucosiduronic acids in the 
presence of the quaternary exchangers and that hydrogen bonding plays a minor role 
when the amine hydrochlorides are employed. 

PRACTICAL CONSIDERATIONS 

Since steroidal glucosiduronic acids differ widely in their polarity and ion 
exchangers vary considerably in their intrinsic strength. it may be necessary to adjust 
the concentration of the exchanger and/or counterion to provide appropriate mobili- 
ties for the particular compounds under study. If essentially maximal resolution of two 
substances is desired. the mean Rbf should be about 0.0 (RF = 0.50). For a particular 
ion exchanger there is a linear dependence of mobility (R&,) of a compound on log 
[exchanger] over a considerable range of concentration. Thus. by use of eqn. 2, it is 
possible to estimate the concentration of ion exchanger needed to obtain a particular 
RM value for a monoglucosiduronic acid if R ,+, of the substance is known at some 
specific concentration. and if in addition the slope II is known. An average value of 
-0.9 for the amine hydrochlorides, - I .3 for TA’CI and - 1.6 for TA - OAc, can be 
used as a rough estimate of slope 11 for calculating R,+,. If Rnr is determined at two 
concentrations of exchanger, the actual value of 17 for a compound can be determined 
and this number may be employed in eqn. 2. Likewise, if the RM of a monoglucosi- 
duronic acid in the presence of both exchanger and counterion is known. it is possible 
to predict the concentration of counterion needed to give a desired Rnr value by use 
of eqn. 2 and employing 0.8 for II. For a hypothetical substance which has a slope of 
- 1.2 for a plot of R,+, W. log [exchanger] and which with 0.025 N exchanger gives 
RM= 0.90 (R, = 0.1 1), doubling the concentration of exchanger should change Rlcr 
by - 1.2 log 2.0, i.e. -0.36 R,,, unit, to give Rnr 0.54 (RF 0.22). Doubling the concen- 
tration once more to 0.10 N should give RM 0.18 (R, = 0.40); i tlcreasing the concen- 
tration to 0.20 N should give RM -0.18 (R, - 0.60). As an example of alterations of 
mobility of a monoglucosiduronic acid with changes in concentration of counterion, 
consider a hypothetical substance for which RM = -0.27 (RF = 0.65) in the presence 

. . . . 
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of 0.10 N TA’CI and 0.0125 N KCI and for which the’slope is 0.8. Increasing the con- 
centration of KCI to 0.025 N should give RM -0.03 (R, = 0.51); 0.05 N KC1 should 
give R,+, 0.21 (RF = 0.38); 0.10 N KC1 should give RM 0.45 (R, = 0.26). 

Whereas the mobility of a pair of monoglucosiduronic acids relative to one 
another is not changed appreciably by altering the concentration of the weaker ex- 
changers (TOA’ I-ICI, ALA-2. I-ICI or XLA-3- I-ICI) or of KCI over a relatively large 
range, the mobility of a monoglucosiduronic acid relative to the mobility of a digluco- 
siduronic acid is greatly affected by changing the conceritration of ion exchanger. 
Furthermore, a change in concentration of KC1 in the stationary phase will alter the 
mobility of an acid without changing the mobility of a neutral compoundsignificantly. 
Thus, a mixture containing a monoglucosiduronic acid. a diglucosiduronic acid and 
a glucosiduronic ester, all of which migrate at the same rate in a solvent system con- 
taining a liquid ion exchanger, should become separable if the concentration of 
counterion in the stationary phase is adjusted properly. For the stronger exchangers 
such as TA' OAc and TA’CI the slopes of the lines reprcscnting Rn, vs. log [exchanger] 
for monoglucosiduronic acids direr appreciably among themselves (see Table 1). 
However. the difference in slopes for compounds of very similar mobility (e.g., THF 
3-GA and THE 3-GA) is small and thus the foregoing comments relative to sepa- 
ration of diglucosiduronic acids, monoglucosiduronic acids and glucosiduronic esters 
apply also to TAeOAc and TA’CI. 
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