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Is the Negative Charge on RNHSO3;~M™ an Essential
Requirement for Sulfamate Sweetness?
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Although many structure—taste studies have been carried out on sulfamate (cyclamate) sweeteners,
there are still some unanswered questions—notably whether the sulfamate anion, —NHSO;™, is
essential for sweetness in this class of compounds. The literature is contradictory on this point;
therefore, 14 sulfamate esters RNHSO3R’, which contain the sulfamate moiety but without the negative
charge, i.e., —NHSO3~, have been synthesized and tasted under standard conditions. Almost all of
the esters were found to possess strong sweetness accompanied by bitterness. Because the esters
had to be heated in water to 60 °C to dissolve them, it was necessary to check for partial hydrolysis
to the free sulfamic acids, RNHSO3H, since they would be sweet and would invalidate the tasting
results if formed. This was done by monitoring (gas—liquid chromatography) the formation of alcohol
after heating. Negligible or very low hydrolysis to acid was found for all 14 esters. This work, in
addition to answering an important structure—taste question, points the way to the potential use of
suitable sulfamate esters as additives in situations where the more usual sodium sulfamate salts are
unsuitable, for example, in hydrophobic media.
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INTRODUCTION MATERIALS AND METHODS

The nonnutritive sweeteners cyclamalédyclohexylsulfa- Chemistry. All 14 sulfamates have been prepared from the ap-
mate) as its sodium salt (Eigure 1) and calcium salts and ~ Propriate sulfamoyl chloridesl0—13) and alcohols1@). The yl_elds
cyclamic acid are now permitted in tabletop, food, and beverage varied from 9 to 41%. The compounds had been made previously by

usage in over 40 countries including the European Union, A IS method (8) {a~e) and the method in referen6e(7g—n), and
ber of other countries allow limited usage).(Many cqmpo_und?fwas made by reaction of g-methylcyclohexylsulfam_lg acid

num . . ' with diazomethane. The esters, which we made, were purified by

structure—taste studies have been carried out, but almost all ofjstiliation under reduced pressure in a Kugelrohr apparatus (liquids)

these have concentrated on the effects of changing R in compundy by flash chromatography (solids). The Kugelrohr did not allow
2(2), and a few have looked at the effects of changing the cation accurate readings of boiling point/pressure to be made so comparison
M (3). An intact sulfamate anior; NHSO;™, has long been with earlier reported data was not possible. For the solids, we found
considered essential for sulfamate sweetness based on th¢hat the melting points agreed well with reported valugg, 56-58
seminal work of Audrieth and Sveda)(and some work in our ~ °C (lit. 56 °C (6)); 7j, 4546 °C (lit. 48 °C (6)); and7n, 52-54°C
laboratory (5), which showed that alkylation at the amino (it. 54 °C (6), 49-51°C (14)). ) o

hydrogen to give3 destroyed sweetness. This view has been Al ester products gave C, H, and N microanalysis withif.5%
reinforced by work that has demonstrated that cyclohexylsul- EXCePt compoundga k. Their analyses are as follows. Compoufd

; . theory: C, 43.06; H, 8.77; N, 7.17. Found: C, 42.41; H, 8.30; N, 6.94.
famoyl chloride (4) §), sulfamides of typ® (6), and sulfona- 5o undzk: theory: C, 51.06; H, 8.94: N, 5.96. Found: C, 51.70:

mides of type6 (7) are all nonsweet. H, 8.16; N, 6.25. All esters were characterized'blyand 3C NMR,

A key question however remains as to the nature of the IR, and gas chromatographynass spectrometry (GC-MS). The typical
sulfamate, i.e., is it necessary to have a sulfamate anion, peaks expected were observed in proton and carbon-13 NMR. All of
—NHSO;™, to elicit sweetness? The literature is contradictory the esters gave the following characteristic IR frequencies (15)HN
on this matter, and there are various reports that sulfamate eSterlénzioe_;ﬁ% ifgﬁ?gg”ﬁ;gg&ﬁg mlﬁtzl;vi:reSci?sTSr?/ggnI/llblecular
(7) a“re Strongllyy sweet WJIh an accompanying sharp bitter taste ions were nof observ;ed duepto the Iacgk of stability of the esters at the
(8), “tasteless” (9), and “nonsweetB); If sulfamate esters are operating temperature.
sweet, the possibility that they could be used as additives in

. . h h | sodi i | itabl Instrumentation. A JEOL 400 mHz spectrometer was used for
situations where the usual sodium sulfamate salts are unsuital ENMR, a Perkin-Elmer FT-IR spectrum 100 was used for IR, and a

i.e., _hydrophobic media, arises. In this paper, we have resyn- shimadzu QP5000 was used for mass spectrometry (electron impact
thesized the esters reported and tasted in referé)&snd9 low resolution at 70 kV). Column: 5% pheny95% methylpolysi-
in order to address the questions raised above. loxane (30 mx 0.25 mm i.d.); temperature, 8. For gas—liquid
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Table 1. Taste Data on Sulfamate Esters Table 2. GLC Analysis® of Hydrolysates of Esters (7)
ester ester alcohol internal

compd R R’ (M) no2  predominant taste® R R’ liberated standard % hydrolysis
7a Bu' P 0.002 10  sweet(60)/hitter(70) Bu' pr Pr"OH Bu"OH <0.3
7 BU Et 0002 11  bitter(50)° Bu' Et EtOH Pr"OH ~4.0
7c Bu" P 0.003 11  sweet(50)%bitter(80) Bur pr Pr"OH Bu"OH <0.3
7d Bu" Et 0.003 10  sweet(50)/hitter(50) Bu" Et EtOH Pr"OH ~4.0
7e P P 0.003 11  sweet(60)/hitter(50) Pr P PrmOH Bu"OH <0.3
7f 2-Me-cyc-CeHi®  Me 0.002 8 bitter(67) 2-Me-cyc-CeHo ~ Me MeOH PriOH ~3.0
79 cyc-CeHug Me 0.002 10  sweet(50)/hitter(50) cyc-CeHu Me MeOH PrOH ~2.5
7h cyc-CeHiy Et 0.002 11  sweet(50)%bitter(60) cyc-CeHu Et EtOH Pr"OH ~0.8
7i cyc-CeHin P 0.002 11  sweet(50)"bitter(60) cyc-CeHu pr Pr"OH Bu"OH <0.3
7] cyc-CeHuy Pri 0.002 10  sweet(80)/hitter(80) cyc-CeHu Pri PrOH Bu"OH ~2.8
7k cyc-CeHiy Bun 0.001 10  sweet(90)/hitter(60) cyc-CeHiy Bun Bu"OH PrOH <0.3
7l cyc-CeHuy Bu 0.001 10  sweet(80)/hitter(70) cyc-CeHu Bu Bu'OH PrOH <0.3
7m  cyc-CeHu Bus 0.001 10  sweet(50)/hitter(70) cyc-CeH Bus BusOH Bu"OH ~3.0
7n cyc-CeHit cyc-CgHiy  0.001 10 sweet(80)/bitter(80) cyc-CeHur cyc-CeHin  cyc-CgHiiOH  Bu"OH <0.6
a Number of tasters. b Taste found by >50% of the tasters. ¢ Thirty percent of 2 Full details of GLC conditions are in the Materials and Methods.

tasters reported sweetness. 4 Six tasters reported the sweetness as being aniseed

(or liquorice)-like. € 2-Methylcyclohexyl. f Six tasters reported the sweetness as being NHSO; Na*

fruity/vanilla-like. 9 Three tasters described the sweetness as being fruity (similar
to wine gums). " Six tasters found the sweetness to be caramel (toffee)-like.

RNHSO; M*
chromatography (GLC), Pye-Unicam 104 and Shimadzu GC-8A
chromatographs were used. Column: 10% Carbowax 20 M on 1 @
Chromosorb W mesh size 80/100; temperature 506 °C (depending
on the alcohol being analyzed); carrier gas,IN2 kg cn12. A Perkin- lli'
Elmer 2400 series Il analyzer was used for C, H, and N analysis. —NSO;— cye— CH;;NHSO,CI
Sensory Analysis of Esters (7)The standards used were 1.5, 2.5,
and 3.0% (g/mL) sucrose, 0.01 and 0.02% (g/mL) citric acid, and 3 (C)]
0.00005 and 0.000075% (g/mL) quinine sulfate dihydrate. At least eight
tasters and usually 10 or 11 were used in assessing the taste portfolio ¢ye—CeH; INHSO,NRR” - €ye—CgHj NHSO,R
of each of the compounds. Each taster was first trained using the
standards. Checking for saltiness and umami tastes was not included ®) ©)
since a preliminary screening did not reveal the presence of either of ‘
these tastes. All solutions including the various standards were made RNHSO;R
up with deionized water of pH 5. 0.2. The ester solutions had to be @

heated to 60C and were maintained at this temperature for 20 min in
order to dissolve all of the ester at the concentration levels given in R R’ R R’
Table 1. This heating was carried out in 5 mL round-bottomed glass

flasks with tight-fitting rubber septa used to ensure that no evaporation a Bu' Pr’ h CeHy - Et
of alcohol occurred during heating. The ester solutions were then b Bu' Et i CeHii- Pr"
allowed to cool back down te-20 °C before tasting. Initially, some c Bu: Pt J CeHir- Pr‘“
preliminary tasting was carried out for all of the esters at 0.003 M d Bu Et k- Cely- Bu

. . . e Pr Pr 1 Cg¢Hy - Bu'
concentrations, but in a number of cases, the taste panellists found the £ 2-MeCeHo Me m CH BY

. . e - 1y

taste to be too strong. Therefore, in these cases, the concentrations were g CeH))- Me n CeH, - CeHi

decreased so that each panellist could tolerate the taste and therefore i

give a better description of the taste portfolios of the compounds. ~ Figure 1. Molecular structures of sodium cyclamate (1), general sulfamate
GLC Analysis of Sulfamate Hydrolysates Aliquots (3 mL; made salt (2), alkylated sulfamate (3), cyclohgxylsulfamoyl chloride (4), cyclo-

up in deionized water, pH 5.2 0.2) of 0.1 M solutions of each ester ~ nexylsulfamides (5), cyclohexylsulfonamides (6), and sulfamate ester (7).

in the presence of 0.05 M of the appropriate internal standard'éee

2) were heated to 60C and maintained at this temperature for 20 min.

After they were cooled, gL samples of the hydrolyte were injected

(injection/detection temperature 12300 °C) on to a column using

column temperatures of 515 °C (depending on the respective !

alcohol that would be produced on hydrolysiB)gure 2A shows a N

typical result, for compoundc, where it is estimated that less than - -

0.3% hydrolysis has occurred. A
However, when the same solution was heated &t®@r 75 min, e T S e
substantial hydrolysis (~18%) occureBigure 2B). The results for 24 — 2
the other esters were obtained in the same manner; it is seen that thesigure 2. GLC of hydrolysates of n-propyl n-butylsulfamate (7c) (A) after
maximum percent hydrolysis (after heating at 8D for 20 min) is heating at 60° C for 20 min and (B) after heating at 90 °C for 75 min.

~4%, and this arises only with esterd®,d. The percent hydrolysis
figures inTable 2 were obtained from a series of standard curves in
which peak area ratios (PARSs) for the alcohol being liberated/internal
standard were plotted against the concentration (0—0.1 M) of the internal standard were injected before heating at®0for 20 min,
“liberated” alcohol in water. To check for possible alcohol evaporation, and after they were heated, they fell on the same position on the standard
some test solutions containing known amounts of alcohol and 0.05 M curve, thus showing that evaporation of alcohol is not a problem.

Retention times: n-propanol, 2.4 min; n-butanol (internal standard),
5.2 min.
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Figure 3. PARs of n-butanol/n-propanol (0.05 M internal standard) against
the concentration of n-butanol: lower solid line (—, M) derived in water
only and upper dashed line (- - -, ) derived in the presence of 0.1 M
n-butyl cyclohexylsulfamate (7k).

In an additional set of experiments to test the efficiency of the
extractability of alcohols in the presence of organic sulfamate ester,
esters/internal standards were used as followd/P"OH, 7k/P"OH,
7m/BUOH, and7n/BUu"OH. In a typical run, a set of 0.1 M solutions
(3 mL aliquots) of ester in the presence of 0.05 M internal standard
were injected with the appropriate liberated alcohol in amounts varying
from 0.005 to 0.1 M. Samples (8L) of each solution were then

Spillane and Hanniffy

Virtually all tastant studies involving sodium or other metallic
sulfamates have been carried out in water, and it was felt that
it would be important to assess the tastes of the sulfamate esters
under similar conditions in order to allow possible future
comparisons of data. Pautet and co-workers tasted the esters
that they made in “concentrated aqueous solutiod”and
Sowada (8) and Unterhalt (9) may have tasted the neat
compounds. To dissolve the esters in water, it was necessary
to heat the aqueous solutions to 80 (sonication failed to
dissolve them properly) and this has the attendant risk that partial
hydrolysis of the esters could occu(21) according to eq 1.

1)

If this was to occur, it would invalidate the tasting results
because the acids produced have inherent sweet tastes. For
example, cyclohexylsulfamic acid has a relative sweetness (RS)
of 46 (22) measured against a 3% sucrose solution as the
standard. The sodium salts iebutyl-, n-butyl-, andn-propyl-
sulfamates have reported RS values of 3.5, 2.9, and 0.6,
respectively (23), and their free acids would very likely also
exhibit some sweetness. It therefore becomes critical to the
present work to establish the degree of hydrolysis, if any,
occurring when the esters are heated t6®@or 20 min in the
dissolution process. This was checked by a GLC method for

RNHSOOR" + H,0 — RNHSOQOH + HOR'

injected, and a new standard curve was generated. The agreemend@ll 14 esters and independently by using a spiked solution of
between the previous standard curve and the new one was excellentCyclamic acid, which duplicated the amount of this acid that

and a typical result is shown for esték (Figure 3).

Attempt To Determine Sweetness of a Cyclamic Acid Spiked
Solution. A 0.00009 M cyclamic acid solution in deionized water (pH
~ 5.7) was prepared. This would be the cyclamic acid content of one
of the ester solutions if 3% hydrolysis of any of the cyclohexyl esters
had occurred during the heating at 8D. The 10 tasters used to assess
this solution all emphasized the difficulty of detecting any taste at all.
Four could get no trace of a sweet or bitter taste; two noted a very
faint sweet taste; two found a very slight bitter taste; and two reported

a barely discernible sour taste. These tastes were at extremely low level
as compared to the taste intensities displayed by solutions of the

cyclohexyl esters (7g—nTable 1); therefore, even if 3% hydrolysis
had taken place during the heating procedure, it would not have effecte
the taste results iffable 1.

RESULTS AND DISCUSSION

Many sulfamate esters have been synthesiZeg), (and

interest in them has risen sharply over the last 12 years due to

their importance in medicinal chemistr§4, 18). Only a small

number however have been made with a view to ascertaining

their tastant properties. Sowad®) ynthesized five sulfamate
esters {a—e) in 1965, and he described them as having “a strong
sweet taste accompanied by a sharp bitter taste.” Untefjalt (
in 1975 made the est&f and cited it as being “tasteless”, and
finally, in 1982, Pautet et al.6) made nine more esters and
found them to be “not sweet’1g). Many years ago, we made
one of these latter esters, i.@h, and found that it was sweet
(19). The information available therefore on the precise

would be produced if as little as 3% hydrolysis of the tastant
solution of 7g—n) occurred. The results ifable 2 show that
the level of hydrolysis is negligible or very low, and the sensory
data from the study of the spiked solution of cyclamic acid
showed that the tasters had great difficulty picking up any tastes
at all and all found that the faint tastes present were of far lower
intensity than those they encountered when tasting the 14 ester
solutions (Table 1).

In the GLC analysis, it would not be possible to pick up the

Small amounts of alcohols produced for the 0.601003 M

solutions of esters used in the sensory analy$mble 1);

dtherefore, more concentrated aqueous solutions of esters (0.1

M) were used in the heating procedure at°& The data in
Table 2 show that only very small or negligible amounts of
hydrolysis occurred (se€igure 2A); however, when these ester
solutions were heated more strongly at 90 for 75 min,
appreciable hydrolysis was observed in all cases; a typical result
for 7c is shown (sed-igure 2B). Because the hydrolysis of
sulfamate esters under a variety of conditions is first-order in
substrate 20, 21), the rate of the hydrolysis is independent of
the initial concentration of ester; thus, there is no possibility
that the more concentrated ester solutions used for the GLC
work might hydrolyze more extensively (faster rate of reaction)
than the less concentrated solutions. The procedures where
different concentrations of esters were used for tasting and for
GLC analysis can therefore be compared.

One other matter needs to be addressed. Because the 0.1 M
solutions of the esters used above are not completely homoge-
neous, the possibility exists that some alcohol, if formed by

sulfamate moiety of cyclamates is inconclusive and contradic-
tory. Against this background, it was decided to repeat the
previous synthesis; thus, 14 sulfamate estéas-) have been

this could lead to some of it not being detected. To check this
possibility, four standard curves were set up using agueous
solutions containing 0.1 M ester, 0.05 M internal standard, and

made and tasted under controlled conditions. The esters wereyarying amounts of alcohol (0—0.01 M). The standard curves
synthesized by standard literature methods and purified by set up for the analysis above used only 0.05 M internal standard

distillation (liquids) and flash chromatography (solids) (see

and varying amounts of alcohol<@.01 M) in water. If alcohol

Materials and Methods). An array of methods was used to was being absorbed or occluded in some way, a different
characterize the compounds. Three of the esters were solidsstandard curve would be expected. The esters chosen for this

(7f,j,n), and the remainder were liquids.

study were selected in order to try to maximize this absorption
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if it did occur. As bothn-butanol ang-butanol have somewhat
greater solubilities in organic media (e.qg., ether, ethanol) than
in water (24), we used ester& and7m, which if hydrolyzed,
would give rise to one of these alcohols. In this way, we hoped
to facilitate the operation of the above effect, and if absorption
of alcohol occurred, it would manifest itself in the generation
of a new and different standard curve, which might exhibit
discontinuities and/or scatter. Two more esters, 7@and7n,
were also included in the study since they had a lower and a
higher molecular weight, respectively, of the esters synthesized
for this work. Figure 3 shows a typical result for esték. The
upper dashed line (- - W) is the original standard curve derived

in water, and the lower solid line (—¢) was obtained by
carrying out an experiment in which varying amounts of
n-butanol were added to solutions that were 0.1 M in eStier (
and 0.05 M inn-propanol (internal standard). It is readily seen
that the two lines are very close to one another; thus, there
appears to be no evidence for partial extraction of alcohol.
Similar results were obtained with estefd,m,n by adding
varying amounts of the appropriate alcohol to solutions of ester
and the appropriate internal standard. In conclusion, it is clear
that the absorption of alcohol by ester in these experiments is
not a problem and the results ifable 2 give an accurate
estimate of the upper limits of detection of alcohol; thus, if any
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(4) Audrieth, L. F.; Sveda, M. Preparation and properties of some
N-substituted sulfamic acidg. Org. Chem1944,39, 89-101.

(5) Benson, G. A.; Spillane, W. J. Structuractivity studies on
sulfamate sweetenerd. Med. Chem1976,19, 869—872.

(6) Pautet, F.; Kamoun, N.; Daudon, M. Structdreactivity
relationships in the sweetening cyclamate series: different
N-cyclohexyl sulfamic acid derivatives (esters and amides) as a
probe for the corformational requirements of the target sweet
taste receptoPharm. Acta Helv1982,57, 205—208.

(7) Pautet, F.; Daudon, M. Specific role of the aminosulfonate group
in the interaction of sulfamates with sweetening characteristics
with their receptor sitePharm. Acta Helv1986,61, 215—217.

(8) Sowada, R. Synthesis with N,N’-disubstituted sulfamides. V.
Nitration and nitrosylation of 1,3-disubstituted sulfuryl diamides-
New synthesis of the little known alkyl amidosulfate.Prakt.
Chem.1965,29, 328—336.

(9) Unterhalt, B.; Boschmeyer, L. Cycloalkylsulfamic acids and their
salts. IV.Z. Lebensm.-Unters. Forsch975,158, 35-36.

(10) Hansen, N. C. Monoalkylsulfamyl chloridescta Chem. Scand.
1963,17, 2141—-2142.

(11) Weiss, G.; Schulze, G. Production and reactions of monoalkyl-
sulfonyl chloridesJustus Liebigs Ann. Cheri969,729, 40~
51.

(12) Weiss, G.; Schulze, G. N-Alkylsulfamoyl chlorides. Belgian
Patent 667,311, 1966.

hydrolysis occurs, it must be less than the percentages in the (13) Kloek, J. A;; Leschinsky, K. L. An improved synthesis of

table.

The taste data inTable 1 show good agreement with
Sowada’s dateg] for esters’a—e except for7b, which he found
to be sweet/bitter and we found to be predominantly bitter
although some sweetness was detected Tséde 1, footnote
¢). Unterhalt reportedd) that7f was “tasteless”, but we found
it to be bitter. We found the estei®—n, reported by Pautet
and co-workersg) as “nonsucre” (i.e., not sweet), to be clearly
sweet/bitter (able 1). These discrepancies in the tasting analysis
could be due to several factors: (i) beca$avas not sweet,

Unterhalt may have been content to describe it as tasteless

(“geschmacklos”) or nonsweet (this is common in “sweet taste”
literature and may indicate a lack of interest in nonsweet tastes);
and (ii) Pautet et al. used “concentrated aqueous solutions”

(strength not specified), and the sweet taste (as we found, see
Materials and Methods) may have been masked by bitterness

in such concentrated solutions.

This present work has now clearly established that a sulfamate

anion,—NHSG;™, is not essential for sulfamate sweetness. This
is an important point, hitherto unclear, in our understanding of

structure—taste relationships for the broad class of sulfamate

(cyclamate) sweeteners. Furthermore, it points to the possibility
of obtaining and using a sweet sulfamate ester in hydrophilic
media—a finding that would greatly extend the use of sulfamates
as sweet additives.
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