
SUMMAUY 

Twenty-five steroidal gkosiduronic esters were chromatograpbed on paper in 
each of Gve straight-phase systems and five reversed-phase systems. The resolving 
characteristics of these systems were compared by expressing the retention values in 
terms of & and correlating the data by use of linear qression equations- The 
resolving characteristics of the straight-phase sysk&s as a group are very similar, and 
those of the reveM-phase systems are somewhat kss similar; the various systems 
ditkr cunsiderably in polarity. Tlze resolving proper&&s of a stbaight-phase sys~~rn and 
a reversed-phase system which contain the same liquid ion exchanger are markedly 
difkrenS a me which increases the probability that a pair of compounds 
which was not separated in a straight-phase system will be resolved in the reversed-phase 
system which contains the same liquid ion exchanger. The migmtion of the esters in 
the foregoing systems was compared witb the migration of the 0xresponding glucosi- 
duronic acids (a previous s%udy) in the same sotvent systems. If a particular pair of 
conjugates is not separable as carboxylk acids in a specik straight-phase sysfem, 
there is a relatively’ good chance that t&y will be separable as metby1 esters in the 
same system. 

in previous studies we cbromatographed a cokction of steroid& giucosiduronic 
acids in a group of s&aight=phase~-3 and reversed-phase4 solvent systems and corn- 
pared the resofving properties of Fbe various systems_ More recently, we have con- 
sidered whether a mixture of these steroidal glucosidtxonates would be more readily 
resolved in tie form of methyl esters tkan as the carboxyik acids. Consequengy, we 
chromatographed the methyl esters in each of five straight-phase systems and five 
revefsed-phase systems tssd compared the extent of res&tion achieved on a n_xixtix 
ofcanjugates in the form of f3ee atids with EbaE achiev& in the form of methyl esters. 
Thispapergivesa resum& of on_t G.n&gs. The resoIving prqeties of the various 
&vent systems are correlated by use of Enear regression ecptions. 



SQW of ion exbgers, gia&d~~otic esteps, and other c%& have 
beea given previously l-3_ ChrQDtopphic proceduxes which were cksa2.d tsdier 
far stnight-phase- and for reversed-phase* systems were foEowed. The SteraidaI 
gbosidmxsic esters which were chromatogtaphed axe listed in Table L Stight- 
pb systew which C predominmtly of chXo~oform ard fobrmde, were 
modified by making the mobile phase of 0.10 N with an ion exchanger’; no cam- 
t&on was added to the fo rmamide phase. Reversed-phase systems employed 0.20 M 
aqaeous KC3 as mobile phase on sheets of paper which had been dipped in a 0_050 _W 
solation of exchanger** in chloroform and &owed to dsy in air for about 5 min before 
the coapomds to be chromatogmphecl were 8ppLied. 

TABLE I 

LlsT OF STEROIDAL GLUCOSXDUROMC EST??RS 
Trxmtmbersusuif0rttlccitcsscorresponG tothaseasdgned toffietidsinpreviouspapers’~~. 

Esre lvanac 
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11 
12 

:: 
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28 

TA-CZ; aed TOA-H-ha 
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RESULTS AND DISCUSSEON 

Rp values &xe detxxmixed for 22 monoglucosidnronic esters and three digIu- 
cosidc~otic esters in tie straight-phase systems (Table r;) and ia five reversed-phase 

TABLE DE 

RF AND Ry VALUES OF STfEROIDAL GLUCQSrrlURONiC EZS-IERS XN STRAIGETl-- 
PHASE .SYSTEMS 

Zl3c mobile phase was O-10 N ion exchanger in chlomfonn; sralionixy phase was formamide. 
Ghxsiduronic estess are lkted in T&k I. 

1 0.3s 
2 0.067 
3 0.33 
4 O-14 
5 _ 0.13 
6 0.055 
7 0.026 
8 o.om 
9 0.090 

10 0.032 
11 0.072 
12 0.010 
13 0.034 
I4 0.014 
15 - 
16 0.011 
17 - 
18 0.026 
20 - 
21 - 
z - - 

26 - 
27 - 
28 - 

0.63 
0.23 
0.57 
0.35 
0.34 
0.20 
0.11 
0.069 
0.33 
0.11 
0.23 
0.038 
0.14 
0.053 
0.026 
0.046 
0.053 
0.090 
- 
0.018 
0.013 
- 
0.044 
0.014 
- 

-0.23 
053 

-0.12 
0.27 
0.29 
0.60 
0.91 
1.13 
0.31 
0.91 
0.53 
1.40 
0.79 
1.25 
1.57 
1.32 
1.25 
1.00 
- 
1.74 
- 
- 
1.34 
- 
- 

0.77 
0.32 
0.72 
0.49 
0.45 
0.30 
0.18 
0.12 
0.35 
0.19 
0.28 
0.068 
0.21 
0.080 
0.052 
0.086 
0.10 
0.12 
0.016 
0.030 
0.021 
- 
0.059 
0.026 
- 

-0.53 
0.33 

-0.41 
0.02 
0.09 
0.37 
0.66 
0.87 
0.27 
0.63 
0.41 
1.14 
0.58 
1.06 
1.26 
1.03 
0.95 
0.87 
1.79 
1.51 
1.67 
- 

1.20 
1.57 
- 

0.84 
0.68 
OA 
0.73 
0.74 
0.69 
0.55 
0.44 
0.71 
0.53 
0.63 
0.33 
0.55 
0.36 
0.27 
0.39 
0.45 
0.43 
0.12 
0.26 
0.13 
0.10 
0.51 
0.31 
0.14 

- - 
-0.33 0.74 

- - 
-0.43 - 
-0.45 - 
-0.35 - 
-0.09 0.6% 

0.10 0.57 
-0.39 - 
-0.05 0.64 
-0.23 0.69 

0.31 0.54 
-0.a9 0.67 

0.25 0.51 
0.43 0.36 
0.19 0.53 
0.09 0.53 
0.12 0.52 

0.87 O-45 :: 
0.83 ok6 
0.95 0.27 

-0.02 0.65 
0.35 0.54 
0.79 0.36 

- 
-0.45 

- 
- 
- 
- 

-0.25 
-0.12 

- 
-0.25 
-0.35 
-0.07 
-0.31 
-0.02 

0.25 
-0.05 
-0.05 
-0.a4 

0.48 
0.16 
0.45 
0.43 

-0.27 
-0.07 

0.25 

systems flable III). In these tables mobSty of the compounds is expressed also in 
term9 of&; & = fog [(Z/RF)- i]. The prope&s of two chromatography systems 
n&itiVe t0 a Serk~ Of Compounds cm be CoEnpated by piOtt@ Vah?s fGr migrdidn in 
one system against those in another system. If mobility is expressed as RF, a auvilina 
relationstip is usu&ly obtained; when mobility is expressed as R,, a fineat relation- 
ship is commonly observed. Rather thhan plotting the RM values on a graph, we have. 
ekctcd to use ffie RM values in linear regression equations for comparing the cbroma- 
tographic characteristics of the various solvent systems with those of one solvent 
system which is takn as a standard. “l%e equations, which are analogous to those 



1 0.028 154 0.048 1.30 0.20 0.60 
2 0.019 1.71 0.057 1.22 0.18 O.f% 
3 - - 0.013 - 0.027 l.56 
4_- - 0.011 - 0.024 1.61 
5 
6 

g' 

1: 
If 

:z 
14 
1.5 
16 
l7 
18 
20 
21 
22 
24 
26 
27 
28 

0.75 
1.30 
1.08 

- 

E9 
Oil41 
0.035 
- 
0.019 
0.024 
0.028 
0.031 
0.018 
0.024 
0.058 
0.027 
0.072 
- 
0.074 
0.040 

- 

0.45 
1.53 
1.37 
1.44 
- 

1.71 
1.61 
I.54 
1.50 
I.74 
1.61 
1.21 
1.56 
1.11 
- 
1.10 
1.38 

0.48 
1.07 
0.53 
- 

0.33 
1.29 
I-f9 
0.95 

1.3S 

0.25 
O-078 
0.23 
0.014 
0.32 
o.oQ9 
0.061 
0.10 
0.014 
0.040 
0.075 

:iz 
o.w7 
0.069 
0.13 
0.081 
0.15 
0.018 
0.11 
0.088 

1.09 
1.12 
1.22 
1.31 

;;; 

1.06 
0.75 
1.74 
0.91 
1.02 

0.55 
0.31 

::2 
0.63 
0.22 
027 
_ 

:z-J 
0.16 
0.21 
0.23 
0.25 
0.16 
0.18 
0.44 
0.23 
0.46 
0.12 
0.54 
0.45 

-0.09 
0.3s 
0.00 
1.48 

-023 
0.55 
0.43 
0.37 
1.51 
0.72 
0-m 
0.53 
0.48 
0.72 
0.66 
0.10 
0.53 
0.07 
0.87 

-0.07 
0.09 

0.48 

:z 
oi2 
0.72 
0.61 

:cz 
0.75 
0.49 
0.56 
0.64 
0.16 
0.49 
0.59 
0.59 
0.59 
0.52 
0.58 
0.72 
O-6.! 
0.74 
0.49 
0.76 
O-7.5 

0.04 0.45 

is i-2 
0.87 Qi2 

-0.41 0.69 
Al.19 0.59 
-0.41 0.73 
0.66 0.23 

-0.48 0.71 
0.02 0.43 

-0.10 0.50 
-0.25 0.67 
0.72 0.26 
0.02 0.46 

-0.16 0.59 
-0.16 0.61 
-0.16 0.49 
-a04 0.53 
-0.14 0.58 
-0.41 0.66 
-0.21 0.64 
-0.45 0.69 
0.02 0.27 

-0.50 0.58 
-0.48 0.58 

0.09 
-0.14 
0.72 
0.87 

-0.35 
-0.16 
-0.43 
0.53 

-0.39 
0.12 
0-W 

-0.31 
0.45 
0.07 

-0.16 
-0.19 
0.02 

-0.05 
-0.14 
-0.29 
-0.25 
-0.35 
0.43 

-0.14 
-0.14 



R,, which is unique and u.seht for sepating 8 n.kture of compcments not separated 
by system XI When apelied to chr~nurtagmp~ data &am a single system on two 
reMed groups of earnpounds (e.g., parent compounds and hamogeueaus derivatiw& 
t/l--r* gives the fkxctid aman& of the resolving power of the sysFein which is 
unique fop the derivatives and is us&al far sepamtkg as derivatives mb&ures that were 
not sczpmbd as parent compoa&‘. 

Fig. 1 shows the t%Wkship between vahxes for E- and dl-6. It is apparent 
that as Wihres far I‘ dm from 1 .m t0 Sli&t& IOW?F ZXEtOUBtS, CZO~diil~ V&ES 

for 4JT-7;i increase very rapidly. Thuq when P = 0.97, 41-r’ M 0.25, and. when 
P = 0.85, e M 0.50. A v&x of 0.50 far dl -r* isuplies thzt, in terms of R,, 
50% Of the intrinsic FesoEving pm%x of system Y is available for resolving a mixture 
of compounds not sepamted by system X. 

..A- 
0.6 

4 

Coeff~icknt Of correlatiocl, r 

Fii. 1. Relationship betwan r and %/I - r2 for application to linear regression ambsk. 

An additional attribute which my be useful in describing eqn. 1 is a,+; this 
vahxe expresses the ratio of the standard deviation of the mean R.= in system Y to the 
staukd deviation of the mean RM in system X. If the value for a/r is larger than I JIO, 
system Y offers the greeter probability in terms of & of separating two randomly 
se&ted substances; if the value is less than 1.00, system X is superior. 

The data on the monaglucasidurouic esters (compounds l-24) in Table LI have 
been evaluated by designating the TA-Cl* systems es system X in eqn. 1 and deriving 
regression equations for the four other systems relative to this steudard. The resulting 
equations are snmmanied in Table IV. In each case, r is greeter than 0.97, a value 
which indicates that the resoking properties of the five systems are very simikr (see 
Fig. 1). Vahres far cl/r indicate that the TOA-HC& and (‘TOA- E&SOIsp systems 
give slightly better resolution of the esters than the standard system and that the 
TA-OAc, and (_TA)z-SO, systems give poorer resolution. Examination of the 
values for & in Table II, or values for b in Table TV, show that the systems differ 
markedi~ in polinrity. TQA-EN& bemg least polar and (T-A),- SO,, being most polar. 



Forcxxrelation oftEtedataontherevessed+asesystems frabLPIE),‘FA-Cl, 
w.as wss as system X in eqn. 1; the nzxlting regression equations are summarized in 
T’abIe V. Values for r indicate that systems designated ALA-2-HC& and XLA-3 - 
HCI, have resoking properties for the esters that are considerably diEerent from 
those of tbe standard system. The best resolution of the esters by a reversed-phase 

TABLE V 

COMPARISON OF REVERSED-PHASE SYSTEMS FOR CHROKATOGRAPHY OF 
STEROIDAL GLUCOSIDURONIC m 

Va.Iues in the table appIy to the equation R&ptun n = Q- R,vA- Qu) f 6; r is the cocfkient of 
ar;nlation; A is the nurllba of CiHn~ds cansidued in the alpfefation- 
- 
sysfem ‘( Q b r n 

zipt” 0.83 -0.13 0.927 18- 
TOA- HCI- 0.82 -0.74 0965 18 
m_e-Ha, 0.42 -0-77 0.835 18 
XLA-3-HCI- 0.34 -0.63 0.673 18 

system, as indicated by values for a/r, is achieved by use of TA-%. The general 
order of decreasing polarity (Le., increasin gR,for~e~-F~systems)isTA-Cke> 
Aliquat,,p > T’OA-HCI, > ALA-2-HC9, M XLA-3-EiC&. 

R&WA-HCW = -O.O9SR,(TOA-HCI,) + 0.81; n = 13; r = -0_069 (2) 

&O-A-ckel =OZOR,(TA-Cl=)+ I.23;n = 17;~=0_349 (3) 

Comparison of the mobility of the esters in a straight-pti system witk their 
mobility in a reversed-phase systeni contains the same =&anger is shown in eqns_ 2 
and 3_ It is apparent from the values for r that there is very lit& correlation between 
the migration of the esters in corresponding straight-phase and reves&-pkase 
systems-This observation is supported by comparison of data’from t&e corresponding 
pairs of systems which employ Aliquat, ALA-2-HCl and XLA-3 -HCl in which r = 
0.054% -0.45 and -0_4~rsmx?iv~_ 

Linear regresim equ&ions of the foltotig general fom x&e used also to 
compare tixe cbromatographic migration of the mono@ucMdurotic esters with tbat 
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oE the 6iorrespou~ monoghicosiduronic acids in the same solvent system or in 
S%xqWbW*systems_ - 

The cxguations are smmmrkd in Table VI, FOE all of the straight-phase systems and 
the A&qua& system, v&es of r indicate a moderate correlation betxveen mig.ration 
of the gkosiduronates as esters and as acids (0.74 c f c 0.89). Inteqxetation of 

these vahles of I in terms of d/r - rf (see Fig. 1) implies that if an arbitrarily chosen 
pair of m+q#es was not separated in a particular solvent system &S glucosiduronic 
acids that about b&f of the ir&insic resolving power of the system would be available 
to separate the pair as ducosidurotic esters. 

TABLE VI 

~MpARIsoN OF ‘I-HE MEGRATiON OF GLUCOSIDUROMC ACIDS AND EsfERs JN 
COMPARABLE SYSTEMS 
Vales are from phe equation R&ster) = tr R&cid) t b. Data are from Tabks II and III and 
rtfs. 1 and 4. 

S~S&2?Ill a b r air n 

A. Smigkt-phzre 
TOA- HClp 0.81 0.57 02454 0.95 13 
CTOA-E&SO- 0.84 OS7 0.869 0.97 18 
TA-C&p 1.03 -0.03 0.884 1.17 21 
TA-OAQ,, 0.85 0.10 0.859 0.99 19 
G-Ah- SOGP 0.86 0.30 0.749 1.15 13 

B.Rever~b 
TA-cIu 0.88 0.51 0.967 0.91 18 
AEqLExt~ 0.68 0.35 0.859 0.79 18 
TOA-HClcp 0.92 -0.15 0.973 o-95 22 
ALA-2- HCicp 0.79 -0.30 0.981 0.31 22 
XLA-3 - KC& 0.65 -0.54 0.954 0.68 22 

In the straight-phase systems @‘able VI), vaks for a/r indicate that the con- 
jugates are resolved as welt in the form of esters as in the form of acids. However, in 
the reversed-phase systenas, the conjugates are resolved better as acids. . 

It has been po~tulateds-~~ that if there were no interaction among the various 
structural components of a molecule, the change in SW (AR,) associated with a 
SW* alteration at a single h&on would be cons?ant. Under such circumstances, 
AR, of esterification for a group of glucosiduronic acids in a specific solvent system 
should be a constant. The equation relating migration of the esters to that of the acids 
in a specific system woukl be R&ster) = LOOR&cid) + AR, and the coefficient 
of c.orreIaion would ix 1.00. 

- The dgbt-pbase e used for the afids’ cotited of 0.10 N e?&mQger in chloroform 
aad0.10Nf%xmeli~infommmi de. since addition of counttrion to the stationary phase does not 
a.fRct the m;gration oh the esters simtIy2, the cau%erion was omitted from the systems used 
siththccstcss. 



TABLE VII 

MEAN AND AVERAGE DEVIATION OF d& VALUES FOR CD NVERSKIN OF GLUGO- 
SIDUROXIC ACID TO GLUCXXXDURONIC MEiBYL ESTER 
~~arrfromTabksiIzndDIaadfrom~_lend4. 

TYF of colrzpoad co-ed S_vszem 

TA- Cl** T_ryIA-tii,&%r Ak=fu TA-C&p 

Aii mono@ucasiduroaa.tcs 0.01 f 0.2.5 -0.52 i 0.23 -0.04 f 0.18 -0zco + 0.08 
l?-H~ydroxy Ccwrqamds conjtqated -0.37 + 0.03 -0.84 f 0.04 0.15 + 0.03 -0.32 -r- 0.03 

at c-2 1 
f f&&dn3~-X7-deoxy corn- -0.17 * 0.03 -0.74 * 0.02 o.azi i OBL -0_30 * 0.03 

anGu@ai at C-21 
17-Deay caqxwnds conjugated O-14 5 O-04 -051 I: O-01 0.05 4 0J.x -0.34 i 0.02 

at C-21 with either Ii-dcoxy or 
ll-cxcogmup 

I7-Hydroozty compounds conjugated 0.10 3_ 0.06 -0.2a & O-03 -023 f 0.06 -0.47 f 0.07 
at C-3 

17-Decxy compounds conjugated 0.36 i 0.09 -0.25 f 0.03 -0.19 & 0.05 -0.49 f 0.05 
at c-3 

__ 

16yusingthedatain ref_ 1andinTabkii,v&xeswerecalcalated forthed& 
of hydroxylation at C-17 in the glucosiduronic acids and esters in the T’AXTl, system. 
The mean valves for AR, of hydroxylation at C-17 in six pairs of C-21 conjugates 
and in four pairs of C-3 conju~tes are g&n below. 

AR, (17a-hydroxylation) for esters conjugated at C-21 = 0.74 
4RJ, (17a-hydroxylation) for acids conjugated at C-21 = 0.32 

Dimce = 0.42 

A& (I7c-hydroxyM.ion) for esters conjugated at C-3 = 0.74 
4R, (lira-hydroxylation) for acids conjugated at C-3 = 0.49 

Ilifkexe = 0.25 
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