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SUMMARY

It has been found possible to correlate chromatographic retention parameters
directly with molecular electronic structure by means of a linear relationship. The
empirical parameters used are total energy and localized charge, calculated by the
method of Del Re. They are deduced directly from the molecular structure and they
permit the retention index to be calculated theoretically with an acceptable error.

INTRODUCTION

Many attempts have been made to establish a relationship between molecular
structure and chromatographic retention parameters. Some of the results appear to
be very hopeful, especially the system of characterization of stationary phases devel-
oped by McReynolds' and Rohrschneider?, the techniques based on factor analysis?,
and particularly the work of Takacs and co-workers*-* for the assignment of structural
parameters of the solutes.

In general, the above methods involve the expression of retention as the sum
of structural contributions, or as a function of different physical properties, by means
of a multilinear correlation technique (boiling point, <1 H,. parachor. dipole moment,
refractive index. etc.?—!'), All the methods described in the literature are a useful
contribution to the a priori determination of chromatographic retention parameters.
However, in spite of the utility of the results obtained, a general method for possible
application to different stationary phases and to compounds of different structures is
not yet available,.

The optimum solution would be the development of a method that fulfils the
following requirements: (a) applicability to any type of molecular structure; (b) ca-
pable of being used as a basis for a physical explanation of retention phenomena:
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(c) satisfactory accuracy; and (d) starting data determined by direct evaluation.
Therefore, the parameters used in the determination of the retention index must be
calculated independent of the experimental chromatographic determination, i.e.,
from the actual molecular structure.

EXPERIMENTAL

In the proposed method, the starting point is that a molecule will be cluted
more or less quickly according to (a) its volatility, which can be related to its molecular
volume or size, and (b) the interaction forces upon the molecule during the elution
process, i.e., interactions with the stationary phase or support (Van der Waals,
Keeson, Debye, London, electrostatic, hydrogen bond, dipole moment, ctc.), which,
in a first-order approach, will depend on the distribution of electronic charge in the
molecule. For this reason, in the present work the possibility of applying one of
the methods developed in quantum chemistry, allowing the calculation of this charge
distribution, as well as some parameters that are directly related to the steric effect
of the substituents, is considered.

The method used in this work was proposed by Del Re'2-!'* and Carbd's and
is an extension to non-conjugate systems of the LCAO-MO method in the Hiickel!s
approach; it has been widely applied in other areas such as pharmacology and drug

design'’-22, In this system, for a given stationary phase at a fixed temperature the
retention index can be expressed as

RI =Ea- X0, ¢, + b €)

where a, b and ¢, are coeflicients that can be calculated by multilinear correlation, E
is a dimensionless parameter that is a function of the molecular volume, and the total
clectronic energy (£) sclected in this work is obtained by Del Re’s method. and @,
is the effective charge located on the ith atom of the molecule.

The summation in eqn. 1 refers to the sct of charges {Q,} that presents the
mostappreciable a priorivariations, due tosome structuralchange in the molecular set.

RESULTS AND DISCUSSION

The charge distributions in 59 compounds derived from cholestanol acetate
were calculated by means of an IBM 1130 computer. Bibliographic retention data
were taken for the family of sterol acetates from a paper by Patterson?’, who gave
retention times relative to cholesterol acetate for 92 sterol acetates in four different
stationary phases. The retention indices were deduced for each molecule and in each
of the stationary phases, removing the isomers with identical properties.

Fig. 1 summarizes all the functional groups for the 59 structures studied. The
carbon atoms whose effective charge will give greater differences in molecular structure
for the whole group considered may be easily observed.

In accordance with the above considerations, we have selected the carbon
atoms indicated by spots in Fig. 2 (positions 4, 5, 6,7, 8,9, 14, 15, 22, 24, 25 and 26),
as being highly significant centres related to the variations in the retention index.

In Fig. 3 are given the Q, and E values, obtained for each sterol acectate, that
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Fig. 1. Summary of all functional groups for the 59 structures studied.
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Fig. 2. The carbon atoms which are the significant centres in relation with variations in the retention

index,

Compotnd r Q4
(YEq =+ 10Y) “E4
5,22-Cholestadienol 177.25 ~711
5,22,24-Cholestatricnol 172,76 ~711
5,7,22-Cholestatrienol 172,76 -713
5-Cholestenol 181.77 —-714
Cholestenol 186.27 - 661
B,14-Cholestadienol 177.29 -- 662
14-Mcthyl-8-cholestenot 188.39 —662
8-.Cholestenol 181.78 - 662
5,25-Cholestadicnol 177,28 —-711
5,24-Cholestadicnol 177.26 711
5,7-Cholestadienol 177.28 713
24-Mcthyl-5,22-cholestadienol 183.86 --71}
7-Cholestenol 181.77 - 662
24-Mcthyl-7,14,22.cholestatrienol 179.37 - 662
8,24-Cholestadienol 177.27 -662
14,24-Dimethyl-8,22.cholestadicno) 190,49 --662
14-Mecthyl-7-cholestenol 188,38 662
24-Mecthyl-S-cholestenol 188,37 71
14,24-Dimethyl-8,24(28).cholestadicnol 19048 — 662
24-Methyl-B,14-.cholestudienol 18390 -662
24-Methyl cholestanol 192,87 661
14,24-Dimethyl-8.cholestenol 195.00 - 662
24-Methyl-B.cholestenol 188,39 - 662
4,4,14. Trimethyl-8-cholesten ol 201.60 207
24-Methyl-5,7-cholestadieno! 183.88 —713
24-Ethyl-$,22-cholestadienol 19046 711
24-Methiyl-7,24(28)-cholestuclienol 183.86 662
24-Methyl-7-cholestenol 14§8.38 --662
4,14,24-Trimethyl-8,24(28)-cholestadienol  197.08 228
24-Methyl-7,9(11),22-cholestatrienol 179.37 —664
24-Methyl-5,7,22-.cholestutrienol 17937 --713
24-Methyl-7,22-cholestadienol 183,86 --662
24-Mcthyl-5,24(28)-cholestiaclienol 183.86 —711
24-Methyl-8(14)-cholestenol 188.39 661
14,24-Dimethyl-7,22-cholestadienol 19047 —662
4,14,24.-Trimethyl-B-cholestenol 201.60 —228
4,24-Dimethyl-8, l4-cholestudicnol 190.50 —228
14,24.Dimethyl-7-cholestenol 194.99 --662
4,4,14-Trimethyl-8,24-cholestudienol 197.09 207
24-Ethyl-5,7,22-cholestatrienol 185948 —713
4,24-Dimcthyl-8-cholestenol 194,99 —228
24-Ethyl-§,25-cholestadienol 19046 —711
24-Ethy!-7,22,25-cholestatrienol 18598 662
24-Ethyl-7,22-cholestadienol 19047 —662
24-Methyl-8,24(28)-cholestadienol 183,87 - 662
24-Ethyl-8(14).cholestenol 194,99 --661
24-Ethyl-S-cholestenol 19498 —711
24-Ethyl-5,24(28)-cholestadienol 18597 --711
24-Ethyl-8, 14-cholestadienol 190.50 --662
24-Ethyl cholestanol 19948 — 661
14-Mecthyl-24-cthyl-B-cholestenol 201.60 —~G62
24-Ethyl-8-cholestenol 19499 —G62
24-Ethyl-8, 14,24(28)-cholestatrienol 185,99 -~662
24-Ethyl-7,25-cholestadienol 190.46 —6G62
24-Ethyl-8,7-cholestudienol 19049 —-713
24-Ethyl-7-cholesteno! ‘ 194,98 ~—G62
4-Methyl-24-cthyl-8,14-cholestadicnol 197.11 -228
4,14.Dimecthyl.24.ethyl-B-cholestenol 208.21 228
4-Methyl-24-cthyl-8.cholestenol 201.60 —228

Fig. 3, Computer outprint. giving Q,

2343 Z768 —8i0

and E values for

Q8 o9
“£4 - vE4
-357 388
~357 --35%
143 410
357 358
- 348 3852
100 149
154 158
160 156
~357 - 358
387 --3858
143 410
357 --388
151 —404
91 -.409
160 156
154 155
146 — 404
-387 -—-358
154 185
100 140
38 -2152
154 158
60 156
154 185
143 —410
—~187 --358
151 --404
151 404
154 185
91 an
143 410
~151 404
-387 - 358
160 —403
146 404
154 15§
100 14
146 --404
154 155
143 —410
160 155
-358 - 358
151 —d04
151 --404
~160 —156
160 --403
~387 188
-3857 -3s58
100 -- 149
~348 - 382
154 155
160 136
100 149
151 404
143 --410
151 --404
100 149
154 155
160 135

cach sterol

Q4. QIS
B4 SEd
—354 --761
384 -761
404 --768
--354 --761
353 --761
B8 --243
25 772
-403 768
-354  -761
—~354 761
-404 768
~354 --761
-404 --768
87 --243
403 768
25 772
24 —772
—~384 761
25 772
88 .-243
-353 - 761
25 —772
403 --768
25 772
-404 768
~354 —761
404 --768
- 404 768
25 7172
-410 769
—404 - 768
404 --768
-354 -~761
155 --810
24 —772
25 7172
88 243
24 772
25 772
-404 —768
403 --768
--384 —1761
404 768
404 —768
403 --768
155 —810
--3%4 —761
—~3%4 --76]
88 243
383 —761
25 772
—403 --768
88 243
—404 —768
—404 —408
-404 ~768
88 243
—25 —772
~403 —768
acetate.

e S OF 006 0G % W 00 O 05 20 90 ¢ %W
NN U—NEAOWRNERWIRREREVNY

G A G I g Y e Y Y ¥ ]
CHEHXERELROCIVE

B LB\ SITICT D0
MR AAMAD A—=DIAN ==

1
i
- e e ey e ot s " o P ot (o b Gt G ek Sk S0 G0 g Gt T 4t St ot
—_ta

~ 1188

1
H

[ i Pl
jetuanind” Sapmounampmeupy
BWHELBBWOEIBEOL
NANNANT =AW —W"

——

1
i



340

Compound

5,22-Cholestadieno!
5,22,24-Cholestatrienol
5,7,.22-Cholestatrienol
5-Cholestenol

Cholestenol

8,14-Cholestadicnol
{4-Methyl-B-cholestenol
8-Cholestenol

5,25-Cholestadienol
5,24-Cholestadicnol
5,7-Cholestadienol
24-Mecthyl-5,22.cholestadienol
7-Cholestenol
24-Mcthyl-7,14,22-cholestatricnol
8,24-Cholestadienol
14,24-Dimethyl-8,22-cholestadienol
14-Mecthyl-7-cholestenol
24-Mecthyl-S-cholestenol
14,24-Dimethyl-8,24(28)-cholestadicnol
24-Mecthyl-8,14-cholestadienol
24-Methy! cholestanol
14,24-Dimethyl-B-cholestienol
24-Methyl-8-cholestenol
4,4,14-Trimethyl-8-cholestenol
24-Methyl-8,7-cholestadicenol
24-Ethyl«5,22-cholestadienol
24-Methyl-7,24(28)-cholestadienol
24-Methyl-7-cholestenol

4,14,24-Trimcthyl1-8,24(28)-cholestadicnol 3273'.'3

24-Methyl-7,2(11),22-cholestatrienol
24.-Methyl-5,7,22-cholestatrienol
24-Methyl-7,22-cholestadienol
24-Methyl-8,24(28).cholestadienol
24-Methyl-8(14)-cholestenol
14,24-Dimethyl-7,22-cholestadienol
4,14,24-Trimethyl-B-cholestenol
4,24-Dimethyl-8,14-cholestadienol
14,24.Dimethyl-7-cholestenol
4,4,14-Trimethyl-8,24-cholestudicenol
24-Ethyl-$5,7,22-cholestatricnol
4,24-Dimethyl-8-cholestenol
24-Ethyl-$,25-cholestadicnol
24-Ethyl+7,22,25-cholestutricnol
24-Ethyl-7,22-cholestadicnol
24-Methyl-8,24(28)-cholestadicnol
24-Ethyl-8(14)-cholestenol
24-Ethyl-5-cholestenol
24-Ethyl-5,24(28)-cholestadicnol
24-Ethyl.8,14-cholestndicnol
24-Ethyl cholestanol
14-Methyl-24-cthyl-8-cholestenol
24-Ethyl-B-cholestenol
24-Ethyl«8,14,24(28)-cholestatrienol
24-Ethyl-7,25-cholestadienol
24-Ethyl-5,7-cholestadienol
24-Ethyl«7-cholestenol
4-Mecethyl-24-cthyl-8, 14-cholestadienol
4,14-Dimethyl-24-cthyl-8-cholestenol
4-Methyl-24.cthyl-B-cholestenol

Srationary
phase
temperature
Cuoeflicients
| 6.905
2 --245.240
3 352.222
4 --31.770
s 186,980
6 945.644
7 -490.539
] 1063.588
9 1430.304
10 112.571
] 420.608
12 457.502
13 144.658
Indepernlent term
2081.56
RI C.
3160.5 31594
3737 1172.4
3143.0 3173.1
3184.9 3187.6
3190.6 3200.8
3190.6 318B4.8
3192.4 3197.1
3194.3 3198.2
3198.1 3184.6
3201.8 3200.8
3201.8 3201.3
A207.5 3210.8
3207.5 3214.2
3209.3 3236,2*
3209.3 3211.3
3215.0 3232.5%
3216.9 32131
3241.3 32514
3241.3 3247.4
3246.9 3248.3
324R.8 3264.3*
3248.8 3260.6
3282.8 3252.2
3261.9 3266.4
32631.8 3264.9
32631.8 3268.1
3263.8 3264.5
3271.3 3271.7
3282.0*
3218, 3189.3*
3226.2 3236.7
3231.9 3221.0
32338 3238.0
3237.8 3223.8
2194 3248.5
3278.8 3295.2*
3278.8 32829
3282.6 3276.7
3286.3 3261.3*
3286.3 3281.8
3288.2 3296.3
1288.2 32931
3292.0 3291.6
3293.8 3294.6

3303.2 3256.2
a303.2 3255.2¢
3308.9 3308.0
3310.7 33109.4
33107 3305.7
1164 3306.8
33181 3280.8*
3322.0 33310
3314 3is2.8*
3340.8 3322.8*
3348.3 3328.0*
3350.2 3345.6
1387.7 33414

Meaean absolute error
Mcun relative error
Meun error to range
Reugression coeflicient
t (student) of' R

R signification

R square

(13, 32)

F signification
Exner's function

SE-30
244 C
Signification
100.00
98.37
82.61
22.36
88.47
99.99
99,98
100.00
100.00
87.85
99.99
99.97
74.55
ER EM
0.03 0,57
0.04 0.64
0.31 5.08
0.08 1.36
0.32 5.20
0.18 2.92
0.14 2.35
0.18 1.98
0.42 6.82
0.03 0.52
0.01 0.28
0.10 1.67
0.20 3.39
0.83 13.62
0.06 1.01
0.54 8,87
0.11 1.89
0.31 5.16
0.18 A 12
0.04 0.71
0.47 7.89
0.36 6.00
0.00 0.14
0,13 2.28
0.03 0.5)
0.13 2.18
0,02 0,36
0.19 3.23
0.26 4.46
0.92 14.94
0.32 5.30
0.33 5.581
0.13 2.14
0.42 6.96
0.28 4.62
0.49 8.29
0.12 2.06
0.18 3.00
0,76 12.69
Q.13 2.29
0.24 4.11
Q.14 2.48
0.01 0.20
0.02 0.40
.41 6.76
0.93 15.83
Q.21 3.54
1.47 24,34
0.02 0.42
0.0 0.65
Q.15 2.55
0.29 4.86
1.14 18.98
0.20 4.53
0.6} 10.87
0.54 9.13
0.61 10.30
0.13 2.33
0.48 8.25
5.08
0.17
2.88
0.9892
38.2130
:=99,99
0.9785
112.329
199,99
0.09423

Stationary
phase
temperatire
Cocfficients
1 27.338
2 - 10,788
K] 2270.016
4 —48,32
S 762.720
6 2762.298
7 - 807.274
8 - 2818.205
9 1755.530
0 -- 384.662
1 2233.438
12 1078.707
13 1278912
Independent term
--521.07
Rl cl
3706.6 3690.7
3724.4 3730.7
3813.3 3760.1
3813.3 3847.7
3857.7 386S.1
3786.6 3767.3
3884.4 3904.3
3822.2 3R48.6
3920.0 IB3IS.4*
3893.3 3890.0
3920.0 9171
38931.3 388s.1
A9t 39349
3875.5 3973.0*
3893.3 34909
3964.4 4023,7*
4000,0 3990.8
4071.1 4124.8*
4142.2 41609
4026.6 4044.0
4124.4 4141.7
4151.1 4181.0
4171.1 4097.7*
4257.7 4261.0
4213.3 41931.8
4097.7 41458.1
4168.8 4191.4
4186.6 4211.6
4284.4 43138,9*
3911.1 3875.0
4008.8 4036.5
3991.1 1970.8
4062.2 4104,2*
4017.7 3997.1
4080.0 4110.1
4293.3 4359,1*
4151.1 4222.0*
4284.4 +$367.5
4364.4 4260.1*
4231.1 4214.7
4222.2 4303.4*
4231.1 4289.7*
4198.§ 4219.8
4222.2 4232.3
4071.1 4042.0
4257.7 4175.1*
4311.1 4102.4
4257.7 4126.0*
4240.0 4246.1
4364.4 43199
4400.0 4359.1
4311.1 43034
4284.4 4204,7*
4155.5 43314
4480.0 4484.5
4444.4 4389,6*
4408.8 4400.0
4560.0 4551.3
4471.1 4481.4

Mean absolute crror
Mean relative error
Meian error to runge
Regression coeflicient
¢ (student) of R

R signification

R square

F(13,29)

F signification
Exner's function

QF -1
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Signification
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Compound

5,22-Cholestadiennt
5,22.24-Cholestatrienol
5.7,22-Cholestatricnol
S.Cholestenol

Cholestenol

8,14-.Cholestudienol
14-Methyl-8-cholestenol
8-Cholestenol
5.25-Cholestadicnol
5,24-Cholestadicno!
8,7-Cholestadicnol
24-Methyl-5,22-cholestadienol
7-Cholcestenol
24-Methyl-7,14,22.cholestatrieno)
8,24-Cholestadicnol
14,24-Dimethyl-8,22-cholestadieno!
14-Methyl-7-cholestenol
24-Methyl-S.cholestenol
14,24-Dimethyl-8,24(28)-cholestadienol
24-Methyl-8,14-cholestadienot
24-Methy! cholestanol
14,24-Dimethyl-8.cholestenol
24-Methyl-8.cholestenol
4,4,14-Trimethyl-8-cholestenol
24-Mcthyl-8,7-cholestadienol
24-Ethyl-5,22-cholestadienol
24-Methyl-7,24(28)-cholestadicnol
24-Methiyl-7-cholestenol

Stationary phase
tempoeratire

4,14,24-Trimethyl-8,24(28)-cholestadienol 4;82.(4)

24-Methyl-7,9(11),22.cholestatricnol
24-Methyl-5,7,22«cholestatricnol
24-Methyl-7,22-cholestiudienol
24-Methyl-5,24(28)-cholestadicnol
24-Methyl-8(14)-cholestenot
14,24-Dimethyl-7,22-cholestacienol
4,14,24-Trimethyl-8-cholestenol
4,24-Dimethyl-8,14-cholestadicnol
14,24-Dimethyl-7-cholestenol
4,4,14-Trimethyl-8,24-cholestadicnol
24-Ethyl-5,7,22-chol¢statrienol
4,24-Dimethyl-8-cholestenol
24-Ethy!-5,25-cholestadicnol
24-Ethyl-7,22,25-cholestatrienol
24-Ethyl.7,22-cholestndienol
24-Methyl-8,24(28)-cholestadicnol
24-Ethyl-8({4)-cholestenol
24-Ethyl-S-cholestenol
24-Ethyl-5,24(28)-cholestudienol
24-Ethyl-8, l4.cholestadicnol
24-Ethyl cholestanol
14-Mecthyl-24-cthyl-8.cholestenol
24-Ethyl-8-cholestenol '
24-Ethyl-8, 14,24(28)-cholestatrienol
24-Ethyl-7,25-cholestadicnol
24-Ethyl-5,7-chiolestadicnol
24-Ethyl-7-cholestenol
4-Methyl-24.ethyl-8,14-cholestadienol
4,14-Dimethyl-24-cthyl-B-cholestenol
4.Methyl-24-ethyl-B.cholestenol

and column temperatures for each sterol acetate,

Coeflicients
1 25.040
2 - 1187.263
3 3070.667
4 --463,336
S - $55.624
[ 7364.1113
7 ~4817,222
8 ~7031.368
9 9981,538
10 --542.512
i 45G62.798
12 2966,568
13 3906.810
Independent term
753.4
RI [aF)
3887.1 3871.4
4369.2 4123.9*
4225.6 4154.0
4010.2 4041.4
4010.2 4017.9
4102.5 4091.}
3948.7 3921.2
4020.5 4065.4
4328.2 4263.7
4307.6 4298.5
4307.6 4324.0
4112.8 4125.1
4225.6 4298.8
4194.8 4515.0*
4317.9 4322.5
4051.2 a111.7
4184.6 4154.7
43118.4 4406.6
4358.9 4375.1
461.5 4452.3
43139 4378.6
4246.1 4282.2
41348.7 4352.8
4143.8 4143.9
4717.9 4685.0
43158.9 41392.2
4769.2 4752.7
4615.3 4659.8
4485.8
56 4098.3*
4461.5 4514.6
4138.4 42669
4451.2 4495.3*
42769 4261.9
4276.9 4345.3
4148.7 41929
4564.1 4563.1
4543.5 4515.8
4492.3 4282.3*
4758.9 4675.1
4461.5 4537.7*
4707.6 4783.8
4871.7 4871.2
4635.8 4649.5
4482.0 4434.1
4533.3 4422.1*
4625.6 4562.6
4789.7 4486.9*
4769.2 4756.1
46085.1 45139.1
4512.8 4442.4
4615.3 4586.7
5025.6 47109
5087.1 5075.3
5087.1 5144.7
4964.1 4820.0*
4912.8 4723.2*
4615.3 4588.2
47179 46979

Mean absolute crror
Mean relative error
Mean error to range

Regression coeflicient

1 (student) of R
R signification
R square

F(13, 34)

F significution
Exner's function

Fig. 4. Computer outprint giving R/ and C7 values and relative errors with different stationary phases

HIEFF8Rr
238 C
Signification
100.00
98,98
94.76
26.16
57.39
100.00
99,99
100.00
100.00
80.58
100.00
99,96
99,99
ER EM
0.40 1.30
594 2043
1.72 5.96
0.77 2.59
0.19 0.64
0.27 0.93
0.70 2.29
1.10 3.74
1.51 5.36
0.21 0.76
0.37 1.36
0.29 1.02
1.70 6.09
7.09 26.68
0.10 0.38
1.47 5.04
0.71 2.48
1.54 5.68
0.37 1.38
0,20 0.76
1.47 S5.38
0.84 3.00
0.09 0.34
0.00 0.03
0.70 2.73
Q.78 2.77
0.34 1.37
0,95 3.70:
0.08 0.31
3.85 13.16
117 4.4
1.67 5.9
0.98 3.6
0.318 1.2
1.87 8.7
1.00 3.6
0.02 0.0
0.61 2.3
4.90 17.4
1.79 6.9
1.67 6.3
1.59 6.3
0,01 0.0
0.29 1.1
1 08 3.9
2.51" 9.2
1.38 5.2
6.74  25.23
0.27 1.09
1.45 5.49
1.58 5.86
0.62 2,38
6,68 2622
0.23 0.98
1.1 4.79
2.98 12.00
4.01 15.79
0.59 2.25
0.42 1.66
39.26
0.89
3.27
0.9879
37.2594
» 99,99
0.9760
106.7899
>99,99
0.0965

PO AV —TXECELAN

Stationary phese

remperatire
Cuocfficlents
1 23.383
2 -~ 1752.951
3 2768.280
4 —2290.333
5 --775.351
6 686Y.555
7 - 4624.869
8 --8141.136
9 9381.873
10 —1.072
11 45085.205
12 3794.379
13 2822.691
Indepondent term
861.9
RI cl
3924.3 3926.7
4464.8 4230.8*
4216.2 4198.2
4064.8 4061.7
4086.4 41374
4140.5 41359
4000.0 3943.5
4140.5 4185.7
43560.7 4273.3
4378.3 43698
4311.5 4333.3
4162.1 4177.4
4345.9 4408.2
4259.4 4567.5*
4486.4 4493.8
4075.6 4195.5*
4237.8 4203.3
4378.3 4429.4
4378.3 4424.0
4475.6 44831.0
4410.8 4484.2
4281.0 4330.6
4475.6 446G4.1
4151.3 4116.0
4713.5 4680.3
4410.8 4422.9
4886.4 48458.7
4745.9 4752.3
4400.0 4499.4%
4367.5 4247.3*
4421.6 4248.3*
4464.8 4409.7
4486.4 4502.2
4356.7 4297.6
433s.1 4415.3
4313.8 4406.0
4518.9 4554.5
4594.5 550.4
4508.1 4292.4+*
4724.3 4694.7
4508.1 4608.7*
4702.7 4768.8
4983.7 4977.2
4767.5 4766.4
4572.9 4550.6
4627.0 4446.8*
4648.6 4557.9
4800.0 4518.2*
4767.5 4770.0
4681.0 4631,6
4529.7 4479.8
4767.5 4681.9
5037.8 4731.1*
5135.1 5159.2
5016.2 5110.9
5070.2 4901.4*
4810.8 4707.6
4562,1 45959
4789.1 4757.9

Meun absolute error

Mean

Mean error to range
Regression coetlicient

t (stud

relative error

ent) of R

R signification
R square

F(13,33)

F sign

ification

Exner's function

PMPE
250 C
Significarion
100.00
98.94
88,13
81.08
67.48
100.00
99,99
100,00
100.00
0.00
100.00
99,99
99,63
ER EM
0.06 0.19
5.53 19.32
0.42 1.48
0.07 0.28
1.23 4.20
0.1 0.37
0.41 1.35
1.07 3.73
1.98 6.88
0.19 0.70
0.48 1.63
0.36 1.26
1.34 4.89
6.74 25.44
0.16 0.60
2.85 9.90
0.82 4.84
1.18 4.21
1.03 3.77
0.16 0.60
1.63 6.06
1.14 4.09
0,28 0.95
0.36 1.26
0.70 2.73
0.27 0.99
0.84 3.36
0.13 0,52
2.21 8,21
2.83 9.92
2.72 10.21
1.24 4,54
0.34 1.29
1.7 4.87
1.81 6.62
2.10 7.64
0.86 3.27
0.97 3.64
5.02 17.81
0.62 2.44
2.18 8.31
1.38 5.43
0.13 0.53
0.02 0.09
0.49 1.84
4.08 14.88
1.98 7.48
623  23.27
0.0 0.20
1.02 3.91
1.11 4.12
1.82 7.07
648  25.33
0.46 1.98
1.85 7.82
3.44 13.94
2.19 8.51
0.73 2.78
0.65 2.58
38.08
0.84
3.14
0.9848
32.6137
>99.99
0.9699
81.8197
=>99.99
0.110
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Srationary phase SE—-30
remperature 294 C
Cocfficients Signification
1 0.036 100.00
2 -~ 1,306 98,37
3 1.876 82.62
4 -0.169 22.35
5 - 0995 88.47
6 5.038 99,99
7 -2.612 99,98
8 —5.663 100.00
9 7.615 100.00
10 0.599 87.86
11 2.239 99,99
12 2436 99.97
13 0.769 74.52
Independent term
—5.03
Compound RT cT ER EM
5,22-Cholestadienol 0,870 0.864 0.69 0.57
5,22,24-Cholestatrienol 0.940 0.933 0.73 0.64
5,7,22-Cholestatricnol 0.990 0.936 5.66 5.08
S-Cholestenol 1.000 1.014 1.41 1.36 ‘
Cholestenol 1.030 1.084 5.03 5.20
8,14.Cholestadienol 1,030 0.999 3.07 293
14-Methyl-8-cholestenol 1.040 1.064 2,32 2.38
8.Cholestenol 1.050 1.070 1.91 1.95
§,25-Cholestadienol 1.070 0.998 7.18 6.82
5,24-Cholestadienol 1.090 1,084 0.50 0.52
§,7-Cholestadicnol 1.090 1.087 0.24 0.28
24-Methyl-5,22-cholestadienol 1,120 1.137 1.54 1.67
7-Cholestenol 1.120 1.158 3.08 3.39
8,24-Cholestadicnol 1.130 1,140 0.92 1.01
14-Methyl-7-cholestenol 1.170 1.150 1.72 1.89
24-Mecthyl-S-cholestenol 1.300 1.354 4.00 s.16
14,24-Dimethyl-8,24(28)-cholestadicenol 1.300 1,332 2.46 3.12
24-Mcthyl-8, 14-cholestadicnol 1.330 1,337 0.56 0.71
14,24-Dimcthyl-8-cholestenol 1.340 1.403 4.49 6.00
24-Mecthyl-8-cholestenol 1.360 1,158 o.11 0.14
4,4,14-Trimethy!-8-cholestenol 1.410 1.434 1.67 2.28
24-Mcthyl-5,7-cholestadienol 1.420 1.425 0.39 0.53
24-Ethyl-5,22.cholestadicnol 1.420 1.442 1.59 2.18
24-Methyl-7,24(28)-cholestadienol 1.420 1.423 0.26 0.35
24-Methyl-7-cholestenol 1.460 1.493 2.27 .23
24-Mecethyl-5,7,22-cholestatrienol 1.220 1.275 4.17 5.31
24-Mecthyl-7,22-cholestudienol 1.250 1,192 4.86 5.51
24-Methyl-5,24(28)-cholestadicnol 1.260 1.282 1.7% 2.14
24-Methyl-8(14)-cholestenol 1.280 1.206 6.06 6.96
14,24-Dimethyl-7,22-cholestadienol 1.290 1.338 3.63 4.62
4,24-Dimethyl-8, 4-cholestadienol 1.500 1,521 1.42 2.06
14,24-Dimethyl-7-cholestenol 1.520 1.488 2.11 3.00
24-Ethyl-5,7,22-cholestatrienol 1.540 1.515 1.58 2.28
4,24-Dimethyl-8-cholestenol 1.550 1.593 2.71 4.11
24-Ethyl-$,25-.cholestadienol 1.850 1.576 1.65 2.48
24-Ethyl-7,22,25-cholestatricnol 1.570 1.567 0.13 0.20
24-Ethyl-7,22-cholestadienol 1.580 1.584 0.26 0.40
24-Methyl-8,24(28)-cholestadicnol 1.330 1.258 5.64 6.76
24-Ethyl-S-cholestenol 1.630 1.592 2.33 .54
24-Ethyl-8,14.cholestadienol 1.660 1.658 0.27 0.42
24-Ethy! cholestanol 1.670 1.661 0.41 0.66
14.Methyl-24.ethyl-8-cholestenol 1.670 1.643 1.63 2.55
24-Ethyl-8-cholestenol 1.700 1.648 3.09 4.86
24-Ethyl-7,25-cholestadienol 1.730 1.777 2.67 4.53
4,14-Dimethyl-24.cthyl-8-cholestenol 1.880 1.85S 1.32 2.33
4-Mcthyl-24-cthyl-B-cholestenol 1.920 1.833 4.72 8.28
Mean absolute error 0.03
Moeiin relative error 2.31
Mean error to range 2.88
Regression cocflicient 0.9892
7 (student) of R 18.2123
R signification 49,99
R square 09788
(13, 45 112.3217
F signification 99,99
Exner's tunction 0.094

Fig. 5. Computer outprint giving R7 and CT values and relative crrors for each sterol acctate.
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were used to calculate the coefficients in eqn. 1 by means of a multilinear correlation
technique?*—26, and these coefficients are given in Fig. 4. By means of eqn. 1, values
of the retention index (C7) were calculated and compared with the literature data (R/7)
(see Fig. 4). A correlation coefficient of the greatest significance was obtained in all
instances (=>99.99 %), and the errors were acceptable from the chromatographic point
of view (ca. 39%) for most of the compounds.

Structure (J) Del Re method = —m——— £, {O:},
For a chemical family — {Rl,; E,, {Q:};} — Multilincar correlation®*-26 — a, b, ¢;
For another structure, X, belonging to this chemical family

n
RIy =aEx - & Qixcy 4 b
=1
Fig. 6. Scheme of calculation method.

Some molecules were eliminated from the first correlation (marked with
asterisks in Fig. 4) as they gave a greater error than the mean residual deviation of
the distribution. The coefficients in Fig. 4 were obtained from a sccond correlation,
in which these molecules were excluded, but their values have been included in the
figure after re-calculation. No relationship between the structures of these compounds
and their anomalous behaviour was found. Fig. 4 gives the values of the coefficients
for each phase, as well as their significance.

The changes in the significance, and also the value of the coefficients for each
stationary phase, may be the starting point for suggesting a model of an electrostatic
type in order to describe the interactions of the molecules with the stationary phase.

Fig. 4 also gives the absolute mean error, relative mean error and mean error
with respect to the range, for each distribution, as well as the regression coeflicients
obtained, the total percentage variance (R?), the values of 1. F and its significance, and
the value of the Exner function.

This system has been applied. with analogous results (see Fig. 5), to the
prediction of TRR, dI, SN, ATRR and changes in the coefficients, but not their

significance. In the case of TRR, for SE-30 a mean absolute error of 0.03 unit was ob-
tained.

ABBREVIATIONS

Cl Retention index calculated from eqn. 1.

CcT Calculated retention time relative to cholesterol acetate, from eqn. 1.

d/ Difference between index values of two compounds on the same
column.

E Total molecular cnergy.

EM Percentage relative error of calculated retention index related to
Patterson’s experimental index range.

ER Relative error (9%). - i

F Fisher's function. .

L.LCAO-MO Linear combination of atomic orbitals-molecular orbitals.

o, Localized charge on the ith atom.

R Regression coefficient.
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RI Retention index according to Patterson?.

RT Retention time relative to cholesterol acetate according to Patterson??.
SN Steroid number.

t Student’s function.

TRR Relative retention time, isothermal.
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