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Determination of apparent molar volumes
(AMY) and capacity factors (k,) for sweet and
non-sweet sulphamates, correlation between
AMY values, and Corey—Pauling—Koltun
volumes and relative sweetness correlations
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Apparent molar volume (AMV) and apparent specific volume (ASV) have been
determined for 16 sulphamates, 14 of which are sweet. Capacity factors (k,,)
have been determined by reversed-phase HPLC for seventeen sulphamates. A
good linear correlation (r = 0-917, p < 0.001) has been obtained between previ-
ously measured Corey-Pauling-Koltun (CPK) volumes and the AMYV values of
16 sulphamates. Log k,, values show a moderately high correlation (r = 0-74,
p < 0.01) with the logs of the relative sweetness of 12 sulphamates. Relative
sweetness also shows a reasonable correlation (r = 0-770, p < 0.01) with molecu-
lar connectivity of the third order, 3x,,, for the same 12 compounds. Calculated
partition coefficients (log P) for the sulphamates correlate well with log k,, (r =

0756, p < 0.001).

INTRODUCTION

There has been enormous interest in the development
of quantitative structure — taste relationships for all
classes of sweeteners (Crosby et al., 1979; Daniel, 1989)
since the first QSAR was reported for nitroaniline
sweeteners (Deutsch and Hansch, 1966). We developed
some semi-quantitative structure—taste relationships for
carbosulphamates (Spillane & McGlinchey, 1981;
Spillane & Sheahan, 1989) and aromatic sulphamates
(Spillane er al., 1989). We successfully classified sweet
and non-sweet cyclic and open-chain heterosulphamates
using linear discriminant analysis (Spillane et al., 1983;
Spillane & Sheahan, 1989). This work was mainly
based on the use of Corey—Pauling-Koltun (CPK) space-
filling molecular models for measuring the dimensions
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(x, v,z and V = x.y.2) of the R group in RNHSO,-.

In the present work in pursuit of QSAR values for
the sulphamates we measured apparent molar volume
(AMYV) and capacity factors (k,) and calculated parti-
tion coefficients (log P and third-order molecular con-
nectivity (3x,,) for a series of sulphamates including one
non-sweet compound (4-bromophenyl and two having
a sweet aftertaste (phenyl- and 3,5-di-fluorophenyl).
Some interesting results and correlations have emerged
from this work.

MATERIALS AND METHODS
Sodium sulphamates

The synthesis of the sulphamates, their purification and
characterization has been described previously (see
footnote b, Table 2). The synthesis of 3, 5-difiuoro-
phenylsulphamate (see footnote e, Table 2) and of exo-
norbornylsulphamate have not yet been reported by us.
Both gave a satisfactory elemental analysis (C, H and
N), the usual IR bands and a positive and clean (i.e.
free of sulphate ion and chloride ion) sulphamate test.
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Determination of apparent molar volumes

Apparent molar volumes were determined with an
Anton-Parr precision density meter (DMA 60) and
density measuring cell (DMA 602) from Stanton Red-
croft (London) equipped with an automatic sampler
(SP2) and Anadex printer. Temperature control was
achieved with a Hetofrig bath (Heto Birkerod, Den-
mark), coupled to the density measuring cell. The den-
sity meter was calibrated with air and water and the
method was as described by Birch and Catsoulis
(1985). All measurements were carried out at 20+0-1°C
with 5% (w/w) solution of the sodium sulphamate in
water.

Determination of capacity factors (%,,)

The k, values were determined by reversed-phase
HPLC using a Lichrosorb RP-18 column; flow rate, 0-5
ml/min; eluant, water. Potassium bromide was used as
a standard in each run and ., was calculated from the
equation: k, = (frnHsoyna — Ixer)/Iks, Where the values
are the retention times of the sulphamate and KBr. An
LDC Constametric Pump | and an Applied Chemistry
Systems mass detector, model 750/14, were used in the
determinations.

Calculation of the third-order molecular connectivity (3x,,)
Values of 3x,, were calculated as described by Kier and

Hall (1976). The calculation for r-butyl sulphamate is
iltustrated.

1 2 2 2 ¢ s 00
CH,-CH,-CH,-CH,-NH-§ —/—— ¢
\06

(1 X2X2X2)”=0354 (2X2X4X358)"=0132
(2X2X2X4)y”=0.177 3(2X4 X358 Xx6)"=0228
¥ = 0-891

Calculation of partition coefficients (P)

Partition coefficients were calculated by the fragmenta-

tion method (Hansch & Leo, 1979). Some examples foi-

low:

log P for isobutylsulphamate: (CH,),CHCH,NHSO,

en, +fou +fon, + fooe = 2(0-89) +0-43+0:66-0-13 = 271

log P for cyclopentylsulphamate: O—~ NHSOy
Ay + fon+ (5-DF, = 4(0-66) +0-43 + 4(-0-09) = 271

log P for 3-bromophenylsulphamate: 3-BrC;H,NHSO;

Segus = fu + [ = 1:90 - 022 + 1-09 = 2.77

Measurement of Corey—Pauling—Koltun volumes

These measurements were available in previous work
(Spillane & McGlinchey, 1981; Sheahan, 1988, Spillane
& Sheahan, 1989). Replicate measurements were, at
least, within 5% (usually better).

Statistics

Correlation analysis was performed for the various lin-
ear equations (y = mx + c¢) examined, and the data are
given later in Table 3. The correlation coefficient (r)
given is a Pearson product moment one, s is the stan-
dard deviation of the y distribution and p is the proba-
bility or the significance, calculated either from the -
test (1 = r(n-2)"/1-r2)"2 or from tables, knowing r and
reading at the n-2 level (Fisher & Yates, 1974).

RESULTS AND DISCUSSION
AMV/ASY correlations with volume

The results of the apparent molar volume measure-
ments are given in Table 1 for 16 sulphamates. (ASV)
values have been calculated from these and are given in
the third column of the table. Fourteen of these com-
pounds are sweet (see Table 2, incl. footnotes) and
most of the ASV volumes fall in the expected range of
0-52 - 0.71 for sweetness (Birch & Kemp, 1989; Shamil
& Birch, 1990). The phenyl compound, having a sweet
aftertaste. also falls in this range. 4-Bromophenyisul-
phamate is as expected, in the sour range (0-11 - 0-51).
Surprisingly two well-characterised sweeteners, 3-
fluorosulphamate and 3-bromophenylsulphamate fall
just short of the sweet range and there is no obvious
explanation for this.

A plot of CPK volumes, converted to cm3/mol from
the more usual A3, against apparent molar volumes
(AMYV) in cm¥mol is shown in Fig. | for the data in
Table 1. Table 3 gives the equation of the best straight
line with standard deviation, etc. This relationship is
significant at the 0-001 level (s-test).

CPK molecular models have also been used by oth-
ers interested in SAR values for sweeteners (Brussel er
al., 1975; Pautet & Nofre, 1978 a, b), but a relationship
of this type, where ‘calculated’; volumes and experi-
mental volumes from the AMV measurements correlate
well, appears to be rare. ASV values for amino acids
correlate well with specific molecular volumes
(V/mol.wt./A3 r = 0-894, p < 0-001) and specific van
der Waals volumes (Vw/mol.wt./A3 dal'r = 0875, p <
0-001) (Bartolo, 1989). The specific molecular volumes
and specific van der Waals volumes of seven carbohy-
drates and aspartame also correlate with the experi-
mentally determined ASV values (r = 0-913, p < 0-01,
n =8 and r = 0-892, p < 0-01, n = §, respectively). The
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Table 1. Apparent specific and molar volumes and CPK measured volumes for sodium sulphamates

Compound Mol. Wt ASV(¢V), AMV($V/mol.wt.),¢ CPK. Volume,
R in RNHSO;Na- cmdlg cm¥/mol A3 cm3/mol
Phenyl 1952 0-531 103-6 123 74
3-MeCH,~ 2092 0-593 124-1 158 95
3-FC¢H,- 2132 0-466 993 133 80
3-CIC(H~ 2296 0-525 120-6 152 91
3-BrC¢H,- 274-1 0-439 120-3¢ 172 103
4-BrC,H,- 274-1 0-451 123-6 177 106
exo-Norbornyl 2132 0-596 127-1 210 127
endo-Norbornyl 2132 0-578 123-2 210 127
Cyclooctyl 229-3 0-625 1433 246 148
Cycloheptyl 2152 0-624 134.3 208 125
Cyclohexyl 2012 0-610 1227 181 109
Cyclopentyl 1872 0-578 108-2 155 93
n-Propyl 1612 0-544 87-7¢ 90 54
n-Butyl 1752 0-610 106-9 113 68
Isobutyl 1752 0-616 1079 158 95
Isopentyl 1892 0-630 1192 180 108

¢ Accurate to +0-4 unless otherwise stated. Measurements were carried out twice in most salts.
b Accurate to +0-5.
« Accurate to +0-3.

molecular and van der Waal’s volumes were computed about + 5% the utility of the relationship in Fig. 1 for
using the GEPOL/87 program (Pascual-Ahuir er al., predicting AMYV values (and hence ASV values) would
1987). be unsatisfactory since they can be determined with a

Since the accuracy of the CPK measurements is only much higher degree of precision. However, since

Table 2. Partition coefficient (log P, third order molecular connectivities (3x,,), capacity factors (log k,) and relative sweetness for
sodium sulphamates

Compound Log P Nm Log k.« Relative sweetness?
R in RNHSO;Na-
RS Log RS

Phenyl 1-90 -0-75 c

3-MeCH,~ 2:57 1-581 -02 153 1-18
3-FCH,- 2-05 0-996 -0:28 124 1-09
3-CICH,~ 2-62 1-679 0-11 260 1-42
3-BrCH,- 277 2-051 0-06 112 1-05
4-BrC¢H,- 2:77 0-21 d

3,5-diFCH4— 2:20 ~0-08 ¢

exo-Norbornyl 330 -0-02 /

endo-Norbornyl 3-30 0-09 g

Cyclooctyl 4-42 2:651 0-58 278 1-44
Cycloheptyl 385 2-401 0-32 34-1 1-53
Cyclohexyl 328 2-151 0-02 41-0 1-61
Cyclopentyl 271 1-901 -0-67 10:0 1-00
n-Propyl 1-97 0-610 ~0-71 0-63 -0-20
n-Butyl 2-51 0-891 -0-30 35 0-54
Isobutyl 274 1-152 -0-34 29 0-46
Isopentyl 3-40 1-490 -0-22 68 0-83

« Column, Lichrosorb RP-18; eluent, H,O, flow rate: 0-5 ml/min.

b RS values for the aromatics are in Spillane er al. (1989), for isopentyl in Benson (1976) and for the other seven
alicyclics/aliphatics in Benson and Spillane (1976).

«Described as having 'a sweet aftertaste’ (Audrieth & Sveda, 1944).

4Sourness (Spillane & Sheahan, unpublished work).

¢ Bitter/acidic with a sweet aftertaste (Spillane e al., unpublished work).

IVery sweet (Evangelisti et al., 1980).

£ Reported as faintly sweet/non-sweet (see Benson, 1976; Spillane & Sheahan, 1989).
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Fig. 1. Plot of Corey-Pauling-Koltun (CPK volumes
{cm3mol-)) versus apparent molar volumes {(cm’mol-!) (AMYV).

AMV/ASV values give a direct measure of the dis-
placement and electrostriction of water by solute, they
can be related to the events at the chemoreception level
(Shamil er a/., 1987; Birch & Shamil, 1988) and the
above relationships suggest that CPK volumes for the
sulphamates and the GEPOL generated volumes for
amino acids and carbohydrates provide important
numbers that may be relevant to such events.

Log P - log k,, correlations

Numerous examples are known of the correlation of
partition coefficients with capacity factors (Braumann,
1986) in log-log plots. We find that the log P of the
seventeen sulphamates in Table 2 correlate well (r =
0-756, significant at the 0-001 level) (Table 3. eqn (2))
with log k. values.)

Relative sweetness {(RS) correlations

The log of the relative sweetness (log RS) correlates
moderately well with log &, (Table 2, Fig. 2). This rela-
tionship is significant at the 0-01 level (Table 3). Some
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Fig. 2. Plot of log of relative sweetness (log RS) versus log
of capacity factor (log &,.).

years ago a similar correlation was made using seven of
the 12 sulphamates used in Fig. 2 (Greenberg, 1980).
Greenberg used recognition threshold (log 1/c) plotted
against the logs of calculated partition coefficients and
obtained a correlation coefficient of 0-86, which is
significant at the 0-02 level. We have correlated the
same seven sulphamates in a log RS vs log &, plot
(Table 3, eqn (4)) and obtained a slightly poorer corre-
lation (r = 0-767. significant at the 0-05 level).

Daniel has shown (Daniel, 1989) that plots of rela-
tive sweetness for some sulphamates and certain carbo-
hydrates against ‘HLB’ i.e. the ratio of the mol. wt. of
the hydrophobic portion of the molecule to that of the
mol. wt. of the hydrophilic portion give rise to par-
abolic plots. For sulphamates, the ratio is mol. wt. of
the NHSO," portion divided by the mol. wt. of the R
portion of RNHSO;". For sulphamates, all the points
for the 12 compounds for which relative sweetness data
are presently available cannot be accommodated on the
same plot. A plot of RS versus (HLB)2. *x,,. also sug-
gested by Daniel, showed marked scatter. However, a
plot of RS versus 3, gave a moderate correlation
(Table 3, eqn (5)) plotted in Fig. 3 (r = 0-770, signifi-
cant to the 0-01 level).

Table 3 Correlation analysis of various equations

Equation Equation ¢« (v =mx+c¢) n r s P
la CPK = 1-61{20-188)AMYV - 88:21(£22-1) 16 0917 9-76 0-001
2 log P 1-42(20-32)log £, + 3-01{x0-12) 17 0-756 0-46 0-001
3 log RS= 1-03(£0.295)log k., + 1-15(20-114) 12 0-742 0.35 0.01
4« log RS= 1-06(+0-398)log k,, + 1-08 (20-190) 7 0-767 043 0-05
54 RS = 16-06(£4.21)¥x,,, — 10-19(£7.31) 12 0.770 8.41 0.01

s Best line is drawn in Fig. L.
b Best line is drawn in Fig. 2.

« Using the seven sulphamates previously correlated (Greenberg, 1980).

4 Best line is drawn in Fig. 3.
¢ The numbers in brackets are standard deviations.

/Numbers of sulphamates in plot. See text for definitions of r, s and p.
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Fig. 3. Plot of relative sweetness (RS) versus third order

molecular connectivity (3xp,).

Third-order molecular connectivity of 3x, has been
discussed at length (Kier & Hall, 1986). This parameter
is said to encode information about the conformation
of molecules and their flexibility or rigidity. The densi-
ties of a series of 9 heptanes gave a good linear rela-
tionship with 3x,, and for a series of seven heptanes and
twelve octanes a steric partition function, Z, also gave
good linear relationships. If 3x,, encodes information
on the three-dimensional structure and conformation of
molecules then its utility in attempting to derive QSAR
values for the sulphamate sweeteners i1s no surprise in
the light of our work over some years, which has
clearly indicated the importance of volume in deriving
SAR values for the sulphamates.

In view of the diversity of structural types encom-
passed by the twelve compounds for which relative
sweetness data are available, it would be surprising if
the RS data could be accommodated in an equation
containing only one independent variable. Work is con-
tinuing in this area and it is hoped to extend the
database of compounds for which relative sweetness in-
formation is available. A multiparameter equation will
probably be needed to correlate the data satisfactorily.
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