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Carboxylic Acid Replacement Structure-Activity Relationships in Suosan Type

Sweeteners. A Sweet Taste Antagonist.! 1
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N-(4-Cyanophenyl)-N"(2-carboxyethyl)urea (2), an analogue of suosan [1, N-(4-nitrophenyl)-N"-(2-carboxyethyl)urea],
is a known high-potency sweetener derived from g-alanine. Sulfonic and phosphonic acid analogues of 2 were prepared
to develop structure—activity relationships through modification of the carboxylic acid region of this family of sweeteners.
Neither of the carboxylic acid replacements resulted in sweet analogues. However, we found that N-(4-cyano-
phenyl)-N*[(sodiosulfo)methyljurea (7) is an antagonist of the sweet taste response. The bitter taste response to
caffeine, quinine, and naringin was also antagonized. Antagonist 7 was found to inhibit the sweet taste perception
of a variety of sweeteners. Antagonist 7 had no effect on the sour or salty taste response.

The suosan family of high-potency sweeteners was dis-
covered by Miiller and Petersen.?2 This series of sweet-
eners consists of N-aryl-N’-(carboxymethyl)- or -(2-
carboxyethyl)ureas. The carboxylic acid group contained
in these compounds is commonly found in high potency
sweeteners.? We explored modification of the carboxylic
acid moiety to extend the structure-activity relationships
(SAR) in the suosan class of sweeteners.

The use of carboxylic acid replacements is well docu-
mented in pharmaceutical research and has led to the
discovery of compounds with agonist as well as antagonist
activity.  Direct analogues of suosan, N-(4-nitro-
phenyl)-N"(2-carboxyethyl)urea (1), were not prepared
because of the safety concerns associated with nitroaryl
compounds. Instead, N-(4-cyanophenyl)-N"(2-carboxy-
ethyl)urea (2)° was used as the parent compound. The
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suosan family of sweeteners are not commercially viable
because of their low water solubility, particularly at the
pH used in carbonated soft drinks. The carboxylic acid
surrogates chosen for synthesis were the sulfonic acid and
the phosphonic acid group. The tetrazolyl group (with a
pK, approximately equivalent to the carboxylic acid) was
previously explored, and the analogues were found to be
weakly sweet.5 We were interested in preparing the
sulfonic acid and phosphonic acid analogues because of the

tThe NutraSweet Company.

! Present address: Celgene Corporation, 7 Powder Horn Drive,
P.O. Box 4914, Warren, NJ 07059.

$ Present address: Merck Research Laboratories, W44-J100,
West Point, PA 19486.

I Present address: Food Industry Division, Calgon Carbon
Corporation, P.O. Box 717, Pittsburgh, PA 15230.

1 Present address: Department of Biological Chemistry. The
Chicago Medical School, 3333 Green Bay Rd., North Chicago, IL
60064.

®Duke University Medical Center.

differing acidity provided by these moieties and the ex-
pected increased water solubility of these analogues. We
were also interested in screening these compounds as an-
tagonists because in The NutraSweet Co. sweet taste
agonist model, the carboxylic acid moiety occupies an im-
portant binding site.” Thus, while isosteric replacements
often generate potent agonists, they may also yield an-
tagonists.

A major class of taste modifying substances are sweet
taste antagonists. Sweet taste antagonists can be divided
functionally into two groups: antagonists which are active
after a pretreatment phase and antagonists which are
competitively active. The first group of antagonists work
only if the tongue is treated with antagonist prior to tasting
the sweet substance itself. Examples of this type of an-
tagonist are gymnemic acid,? the ziziphins,® and hodulcin.!®
Whether these pretreatment sweet taste antagonists are
competitive antagonists or not is still subject to debate.!!
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The concentration vs response curves of competitive sweet
taste antagonists show a concentration dependence. Sweet
taste antagonists which are thought to act competitively
include methyl 4,6-dichloro-4,6-dideoxy-a-galacto-
pyranoside,'? p-nitrophenyl a-glucopyranoside,'® chlor-
amphenicol,’? and 2-(4-methoxyphenoxy)propanoic acid.*

Results and Discussion

Phosphonic acid and sulfonic acid analogues of 2 and
N-(4-cyanophenyl)-N-(carboxymethyl)urea (3) were pre-
pared as shown in Figure 1. In the suosan series of
sweeteners, the glycine derivative is much less potent than
the 8-alanine derivative.? However, both the phosphonic
acid and sulfonic acid moieties are slightly larger than the
carbozxylic acid group.!> Therefore, both 8-alanine ana-
logues and glycine analogues were prepared. The com-
pounds were first screened for sweetness activity greater
than or equal to 20 times a 2% sucrose solution [P,(2) =
20]. If the compounds were found not to be sweet and
have little or no other taste responses associated with them,
they were screened for sweetness inhibition activity in
aqueous sucrose solutions.

The phosphonic acid group has found utility as a car-
boxylic acid bioisostere in pharmaceutical research.!® The
phosphonic acid group was of interest because it affords
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tion; Walters, D. E., Orthoefer, F. T., DuBois, G. E., Eds.;
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Ornithine. J. Med. Chem. 1985, 28, 1350-1354.

Muller et al.

Table 1. Evaluation of Sweet Taste Intensities of Sucrose
Solutions Containing from 0 to 4 mg/mL of Antagonist 7

% sucrose inten obsd on
antag 7 0-15 scale® £ LSD* in aq sucrose solns at given %

mg/mL 3.5 5.6 7.5 10 12.5
0.0 40+£0.7 6111 85+08 10108 123zx1.1

2.0 23+06 3608 4914 173x07 93%15
3.0 1605 22+11 4207 65x12 86%10
4.0 1.2+08 1308 33x11 45x11 6410

¢These data were generated using four trained panelists. Four
samples were prepared for each inhibitor panel session. The solu-
tions were made using a known concentration of sucrose and either
0.0, 2.0, 3.0, or 4.0 mg of inhibitor per mL of final solution. The
solution containing no inhibitor provided an internal standard for
that day’s panel session. The samples were presented in a random
order. Each panelist rated the sweetness of each sample against a
series of standard sucrose solutions. Each panel session was repli-
cated three times. The experiment outlined above was repeated
several times using different sucrose concentrations in order to
generate a set of concentration-response curves. °Sweetness in-
tensity scale from 0 to 15 based on 0-15% sucrose solutions.

¢Error bars are least significant difference (LSD), (2SD\/2/_n),
where n is equal to the number of panelists.

Table II. Evaluation of Sweet Taste Intensities of Aspartame
Solutions Containing from 0 to 4 mg/mL of Antagonist 7°

% sucrose inten obsd on
aspartame 0-15 scale = LSD at given concns of 7

concn, ppm 0 ppm 1000 ppm 2000 ppm 4000 ppm

250 534 £1.10 3.30%1.20 211 % 1.37 1.37 % 1.20
500 7.55 £ 1.356 5.98 £ 0.95 4.48 £ 1.00 2.57 = 1.26
750 9.78 £ 1.63 7.43 % 1.43 6.24 £ 2.27 4.46 £1.44
1000 10.1 £069 883 %146 7.34 £1.65 5.85% 193
1500 114+ 18  9.62 £1.62 835x0.96 6.44 £ 1.30
2000 12.0 £ 1.47 105+ 1.60 9.35 151 6.91 % 2.01
2500 129+ 1.8 102+ 193 895213 8.86 £ 2.22
3000 114 £ 260 10.7£237 9.11%2.02 7.82 £ 2.03

¢See Table I, footnotes b and c.
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Figure 2. Inhibition of sucrose taste response by compound 7.
Inhibitor concentrations: 0 ppm (@), 2000 ppm (@), 3000 ppm
(@), 4000 ppm (@).

two acidic protons with pK,s of 2.4 and 7.1, respectively,
for methylphosphonic acid.!” The phosphonic acid group
would therefore be ionized at the pH of carbonated soft
drinks (pH 3) which would lead to increased water solu-
bility as compared to the corresponding carboxylic acid.
Neither phosphonic acid 4 nor 5 was found to be sweet.
When evaluated as antagonists against sucrose, neither

(17) Fasman, G. D., Ed. Handbook of Biochemistry and Molecular
Biology; CRC Press, Inc: Boca Raton; 1976; p 308.
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Figure 3. Inhibition of aspartame taste response by compound

7. Inhibitor concentrations: 0 ppm (@), 1000 ppm (), 2000 ppm

(m), 4000 ppm (®).

compound was found to be active.

The sulfonic acid moiety is found in high-potency
sweeteners such as cyclamate and its analogues,'® di-
hydrochalcone derivatives,'® and stevioside derivatives.?’
Sodium lauryl sulfate, a surfactant, has been reported to
be a taste modifier which may act by disrupting the taste
cell membrane.! Heptyl and octyl sulfonate?! and hexyl
and heptyl sulfate?? have been claimed in European patent
applications as sweet taste inhibitors. The sulfonic acid
group contains one acidic proton with a pK, < 1. Thus,
ureas containing a sulfonic acid group should have in-
creased water solubility as compared to the carboxylic acid
derivatives. N-(4-Nitrophenyl)-N"-[(sodiosulfo)ethyl}urea
(8), derived from 4-nitrophenyl isocyanate and taurine
(2-aminoethanesulfonic acid) has been reported to be not
sweet.22® Ureas 6 and 7 were found to be tasteless at
concentrations up to 4 mg/mL (4000 ppm) in water. Both
were evaluated as antagonists against sucrose, and 7 was
found to be active. Antagonist 7 was evaluated at con-
centrations of 2000, 3000, and 4000 ppm in 3.5%, 5.6%,
7.5%,10.0%, and 12.5% aqueous sucrose solutions. The
results are shown in Table I and Figure 2. The concen-
tration-response curves shown in Figure 2 are roughly
parallel as is observed for a competitive antagonist.?* A

(18) Audrieth, L. F.; Sveda, M. Preparation and Properties of some
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0207515, July 3, 1985.

(22) Palmer, M. D.; Hickernell, G. L.; Zanno, P, R. An Ingestible
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02075186, July 3, 1985.
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Table III. Evaluation of Sweet Taste Intensities of Aqueous
Solutions Containing 10 Different Sweeteners with and without
Antagonist 7¢

% sucrose equiv inten
obsd on 0-15 scale = LSD
at given concns of 7

concen,

compound ppm 0 ppm 4000 ppm
sucrose 100000 9.60 = 145 3.23 % 1.44
aspartame 750 9.88 £ 1.53 3.87 £ 0.84
sucralose 152 852 %130 143 £0.84
saccharin 330 8156145 4.06 £ 141
acesulfame-K 1000 7.88 £2.65 459 £ 1.92
MAG 3000 6.97 £ 2.58 5.28 = 2,42
Na cyclamate 5000 10.1%1.73 6.05 = 1.72
NHDHC 250 8.85 = 2.47 5.98 £ 2.11
rebaudioside A 638 7.62 %100 311 %0.99
thaumatin 40 8.86 = 1.77 6.23 = 1.85

%See Table I, footnotes b and c.

Table IV. Evaluation of Bitter Taste Intensities of Aqueous
Solutions of Selected Bitter Compounds with and without
Antagonist 7°¢

bitterness rating obsd
on 0-15 scale = LSD
at given concns of 7

concn,
compound ppm 0 ppm 4000 ppm
caffeine 1100 8.48 = 1.27 4.77 £ 2.35
quinine 15 11.8 £ 4.23 5.78 £ 2.50
naringin 290 10.5 £ 2.65 7.80 = 2.63

% Bitterness intensity scale from 0 to 15 based on 0~0.20% caf-
feine solutions. ?See Table I, footnote c.

similar series of concentration-response curves were gen-
erated for aspartame (Table II and Figure 3). In the case
of aspartame, the concentration—response curve with the
antagonist appear to be leveling out below the maximal
response of aspartame. This type of behavior is indicative
of a noncompetitive inhibitor.

There are many structural classes of sweeteners.®?
Although no sweet taste receptor has been isolated, the
sweet taste phenomenon is thought to be receptor medi-
ated. The question of single versus multiple sweet taste
receptors has yet to be resolved.?® Sensory experiments
of synthetic sweetener mixtures where synergy is observed
between different classes of sweeteners has led to the
proposal of more than one type of sweet taste receptor.?
Single taste nerve fiber experiments are indicative of
multiple sweet taste receptors.® We were interested in
determining if antagonist 7 showed selectivity between
structurally distinct sweetener classes. A selective an-

(25) (a) Crammer, B.; Ikan, R. Properties and Syntheses of
Sweetening Agents. Chem. Soc. Rev. 1977, 6 (4), 431-65. (b)
van der Heijden, A.; van der Wel, H.; Peer, H. G. Structure-
activity relationships in sweeteners. 1. Nitroanilines, Sul-
phamates, Oximes, Isocoumarins, and Dipeptides. Chem.
Senses 1985, 10 (1), 57-72. (c) van der Heijden, A.; van der
Wel, H.; Peer, H. G. Structure-activity relationships in
Sweeteners. II. Saccharins, Acesulfames, Chlorosugars,
Tryptophans, and Ureas. Chem. Senses 1985, 10 (1), 73-88.

(26) (a) Bartoshuk, L. M. Is Sweetness Unitary? An Evaluation of
the Evidence for Multiple Sweets. In Sweetness; Dobbing, J.
Ed.; Springer-Verlag: London, 1987; pp 33-48. (b) Beidler, L.
M.; Tonosaki, K. Multiple Sweet Receptor Sites and Taste
Theory. In Taste, Olfaction, and the Central Nervous Sys-
tem; Pfaffmann, D. W., Ed.; The Rockefeller University Press:
New York, 1985; pp 47-64.

(27) Frank, R. A.; Mize, S. J.; Carter, R. An Assessment of Binary
Mixture Interactions for Nine Sweeteners. Chem. Senses 1989,
14 (5), 621-632.

(28) Hellekant, G.; Ninomiya, Y.; DuBois, G. E. On The Question
of Basic Tastes (Qualities). Association of Chemoreception
Sciences Meeting, Florida, April 18, 1991; Abstract No. 60.
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tagonist could permit classification of receptors. Eight
different classes of sweeteners were evaluated with an-
tagonist 7.

The sweeteners were tested at concentrations previously
determined to be isosweet to a 10% sucrose solution.?
The high-potency sweeteners evaluated were aspartame,
sucralose, sodium saccharin, acesulfame-K, mono-
ammonium glycyrrhyzinate (MAG), sodium cyclamate,
neohesperidin dihydrochalcone (NHDHC), rebaudioside
A, and thaumatin. The sweet taste responses to all nine
of the above sweeteners were depressed in the presence
of 7 (4 mg/mL). The antagonism data are tabulated in
Table III. The high-potency sweeteners with slow onset
and lingering sweet taste were the least depressed. This
may be due to washing out of the antagonist before acti-
vation by the sweetener, or a short duration of action of
the antagonist.

The activity of 7 against the three other basic tastes
(sour, salt, and bitter) was also evaluated. Neither salt
(NaCl and KC1) nor sour (citric acid) was antagonized by
7. However, the bitter taste response to caffeine, quinine,
and naringin was reduced in the presence of 7 (Table IV),
suggesting a relationship between the sweet and bitter taste
responses.

Summary and Conclusions

In examining carboxylic acid replacements in the suosan
series of urea sweeteners, we have found the carboxylic acid
moiety optimal with respect to sweetness potency. Sub-
stitution of the phosphonic acid group for the carboxylic
acid group of suosan leads to analogues which are not sweet
or have a potency of less than 2.5 times that of 2% sucrose
solution.®® Direct substitution of the sulfonic acid group
for the carboxylic acid group leads to an inactive analogue.
However, substitution of a sulfomethyl group for the 2-
carboxyethyl group of 2 results in an analogue which is a
sweet taste antagonist. Antagonist 7 was found to be active
against a variety of sweetener classes. This general activity
lends support to a single sweet taste receptor; however, this
lack of selectivity may be due to similarities in the
transduction pathway for the sweet taste response. It
should be noted that the antagonist potency (pA, ~ 2) is
quite low relative to agonist activity, thus a nonspecific
inactivation cannot be ruled out. It has been postulated
that the sweet and bitter taste sensations are activated via
a common receptor or transduction mechanism.®* The
activity of 7 against bitter taste responses to caffeine,
quinine, and naringin is consistent with this hypothesis,
though again a nonspecific antagonism cannot be ruled out.
We do not think that the mechanism of 7 is analogous to
the previously mentioned sulfonate and sulfate sweet taste
inhibitors since no activity was observed for homologue
6. However, a simple membrane disruption cannot be
ruled out.

Experimental Section

Tasting Protocol. Compounds were first evaluated at 0.01,
0.1, 1.0, and 4.0 mg/mL in water by two trained panelists. Taste
evaluations were obtained using the method described previously

Muller et al.

by DuBois et al.3> Six concentrations of sucrose (2%, 5%, 7.5%,
10%, 12%, and 16%) were used to standardize sweetness intensity
ratings of a taste panel on a 15-cm line scale. The panel was
trained to assign intensity values of 2, 5, 7.5, 10, 12, and 15 to
these concentrations, respectively. Five concentrations of caffeine
(0.02, 0.03, 0.08%, 0.15%, and 0.20%) were used to standardize
bitterness intensity rating of a taste panel on a 15-cm line scale.
The panel was trained to assign intensity values of 2.2, 4, 7.2, 11.5,
and 15.7 to these concentrations, respectively. All standards were
dissolved in deionized water.

A single concentration of compound 7 (4 mg/mL) was used to
determine the inhibition efficacy on a range of taste qualities
including sweet, sour, salty, and bitter. The sweeteners are given
in Table III, and the bitter tastants are shown in Table IV. Two
salty compounds (NaCl and KCl) and one sour compound (citric
acid) were tasted as well. Two solutions were prepared for each
taste quality, one containing the tastant and the other containing
the tastant with compound 7. Each of the solutions was evaluated
by the method outlined above unless otherwise noted (see Table
D).

Melting points were obtained on a Thomas-Hoover Unimelt
capillary apparatus and are not corrected. IR spectra were taken
as KBr pellets using a Perkin-Elmer Model 283 or 681. NMR
spectra were obtained on a General Electric QE-300 spectrometer.
Microanalyses were performed by Midwest Microanalytical.

N-(4-Cyanophenyl)-N-[(disodiophosphono)ethylJurea (4).
To a stirred suspension of 4-cyanophenyl isocyanate (2.30 g, 16.0
mmol) in 50 mL of CH;CN was added a solution of (2-amino-
ethyl)phosphonic acid (2.00 g, 16.0 mmol) and NaOH (1.28 g, 32.0
mmol) in 10 mL of H,O. After 16 h, the reaction slurry was filtered
and the solid was dried to afford 4.37 g (87%) of crude product.
The crude product was recrystallized from H,0 (15 mL) to afford
2.90 g (57%) of the product as white needles: mp >290 °C; 'H
NMR (D,0/TSP) §7.65(d, J = 8.7 Hz, 2 H), 7.44 (d, J = 8.7 Hz,
2 H), 3.5-3.34 (m, 2 H), 1.85-1.60 (m, 2 H); 3C NMR (D,0/TSP)
8 159.7, 146.5, 136.3, 123.1, 121.7, 106.4, 39.4, 33.3, 31.6;* IR (KBr)
cm™ 3380 (br), 2240, 1700, 1670, 1600, 1550, 1330, 1080, 1050, 970.
Anal. Calcd for C,oH,;(N;0,Na,P-1.83H,0: C, 34.70; H, 3.98; N,
12.14; P, 8.95. Found: C, 34.76; H, 3.91; N, 12.01; P, 9.24.

N-(4-Cyanophenyl)-N"-[(disodiophosphono)methyl]urea
(5). To a stirred solution of 4-cyanophenyl isocyanate (0.437 g,
3.03 mmol) in 7.5 mL of acetonitrile was rapidly added a solution
of (2-aminomethyl)phosphonic acid (0.336 g, 3.03 mmol) and
NaOH (0.242 g, 6.05 mmol) in 2 mL of water. The reaction
mixture was stirred for 21 h and then concentrated. The residue
was slurried in 20 mL of water, and the slurry was filtered to
remove small amounts of yellow solid. The filtrate was concen-
trated to yield a white solid. This solid was recrystallized from
ethanol/water to afford 0.112 g of white solid which was not the
desired product. The mother liquor was concentrated, and the
residue was recrystallized from ethanol/water to afford 0.576 g
of impure urea. The impure urea was recrystallized twice more,
once from ethanol/water and once from acetone/water to yield
0.310 g (34%) of the urea as white needles: 'H NMR (D,0) 8 7.67
(d,2H,J=88Hz),747(d,2H,J =88Hz),3.20(d,2H,J =
12.5 Hz); 13C NMR (D,0) & 160.6, 145.3, 135.0, 121.7, 120.4, 105.1,
42.9, 41.329;* IR (KBr) cm™! 3400, 2220, 1680, 1600, 1560, 1510,
1400, 1320, 1240, 1180. Anal. Calcd for CoHgN;0,Na,P-6.36 H,0:
C, 26.13; H 5.05; N, 10.16. Found: C, 26.12; H, 4.93; N, 10.26.

N-(4-Cyanophenyl)-N"-[(sodiosulfo)ethyl]Jurea (6). Toa
stirred solution of 4-cyanophenyl isocyanate (4.07 g, 28.3 mmol)
in 50 mL of acetonitrile was rapidly added a solution of taurine
(3.54 g, 28.3 mmol) and NaOH (1.13 g, 28.3 mmol) in 15 mL of
water. After 23 h, the reaction mixture was concentrated. The

(29) DuBois, G. E.; Stephenson, R. A. Diterpenoid Sweeteners.
Synthesis and Sensory Evaluation of Stevioside Analogues
with Improved Organoleptic Properties. J. Med. Chem. 1985,
28, 93-98.

(30) A 2% sucrose solution is considered to be the threshold value
of activity for our taste panel.

(31) Belitz, H.-D.; Chen, W.; Jugel, H.; Treleano, R.; Wieser, H.;
Gasteiger, J.; Marsili, M. Sweet and Bitter Compounds:
Structure and Taste Relationship. In Food Taste Chemistry;
Boudreau, J. C., Ed.; ACS Symposium Series 115, American
Chemical Society: Washington, DC, 1979; pp 93-131.

(32) DuBois, G. E.; Walters, D. E.; Schiffman, S. S.; Warwick, Z. S.;
Booth, B. J.; Pecore, S. D.; Gibes, K.; Carr, B. T.; Brands, L.
M.; Concentration-Response Relationships of Sweeteners. In
Sweeteners Discovery, Molecular Design and Chemorecep-
tion; Walters, D. E.; Orthoefer, F. T'; DuBois, G. E., Eds.; ACS
Symposium 450, 1991; pp 261-276.

(33) Due to phosphorus—carbon coupling, nine carbon peaks are
observed (not the expected eight).

(34) Due to phosphorus—carbon coupling, eight carbon peaks are
observed (not the expected seven). The carbon peaks at 160.6,
42.9, and 41.3 ppm were very weak.
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residue was diluted with water (50 mL), and the resulting slurry
was filtered to remove small amounts of solid. The aqueous was
concentrated to a thick oil and crystallized from ethanol/water
to yield 4.55 g of slightly impure urea. Another 1.30 g of impure
urea was isolated from the mother liquor. Both crops of the urea
were combined and recrystallized from ethanol/water (cooled to
4 °C) to afford 2.42 g (29%) of the urea as a white powder: mp
259-265 °C; 'H NMR (DMSO-dg) & 9.44 (s, 1 H), 7.8-7.5 (m, 4
H), 6.67 (t, 1 H, J = 5.3 Hz), 3.5-8.3 (m, 2 H, overlapping water
peak), 2.65 (t, 2 H, J = 6.2 Hz); '3C NMR (DMSO0-dg) § 154.5,
145.3, 133.1, 119.6, 117.4, 102.1, 50.8, 86.0; IR (KBr) cm™ 3500,
3360, 3180, 3100, 2240, 1700, 1600, 1540, 1520, 1420, 1320, 1240,
1200, 1180. Anal. Calcd for C,oH,oN3O,NaS-0.67H,0: C, 39.57;
H, 3.73; N, 13.84. Found: C, 39.56; H, 3.53; N, 13.70.
N-(4-Cyanophenyl)-N"-[(sodiosulfo)methyl]Jurea (7). To
a stirred solution of 4-cyanophenyl isocyanate (42.3 g, 293 mmol)
in 500 mL of acetonitrile was added a solution aminomethane-
sulfonic acid (33.3 g, 300 mmol) and NaOH (12.0 g, 300 mmol)
in 100 mL of H;0. The reaction slurry was stirred for 24 h and

then filtered to yield 52 g of crude product. The crude product
was slurried in 200 mL of hot HyO (90 °C) and filtered to remove
gsymmetrical urea impurities. The filtrate was concentrated to
100 mL, heated to reflux, filtered through cotton, and then allowed
to cool. The resulting white crystals were isolated by filtration
and dried in vacuo to afford 37.6 g (46%) of the desired urea: mp
270-280 °C dec; 'H NMR (DMSO-dg) § 9.37 (s, 1 H, NH), 7.57
(d,2H,J =9.0Hz Ar), 7.52 (d, 2 H, J = 9.0 Hz, Ar), 7.23 (t,
1H,J = 6.0 Hz, NH), 3.99 (d, 2 H, J = 6.0 Hz, CH,); }3C NMR
(DMSO-dg) & 154.1, 145.0, 132.9, 119.5, 117.5, 102.3, 55.9; IR (KBr)
cm™ 3600 (br), 3580, 2240, 1720, 1600, 1560, 1520, 1420, 1180, 1060.
Anal. Caled for CQH3N304NaS‘0.98H20: C, 36.66; H, 3.40; N,
14.27. Found: C, 36.65; H, 3.02; N, 14.27.

Registry No. 1, 140-46-5; 4, 139583-43-0; 5, 139583-44-1; 6,
139583-45-2; 7, 134555-22-9; 4-cyanophenyl isocyanate, 40465-45-0;
2-aminoethanephosphonic acid, 2041-14-7; aminomethane-
phosphonic acid, 1066-51-9; taurine, 107-35-7; aminomethane-
sulfonic acid, 13881-91-9.

Selective 8;-Adrenergic Agonists of Brown Adipose Tissue and Thermogenesis. 1.
[4-[2-[(2-Hydroxy-3-phenoxypropyl)amino]ethoxy]phenoxyJacetates

Ralph Howe,* Balbir S. Rao, Brian R. Holloway, and Donald Stribling
ICI Pharmaceuticals, Alderley Park, Macclesfield, Cheshire, SK10 4TG, England. Received September 12, 1991

The ester methyl [4-[2-[(2-hydroxy-3-phenoxypropyl)amino]ethoxy]phenoxy]acetate (8) has been identified as the
most interesting member of a series of selective $3-adrenergic agonists of brown adipose tissue and thermogenesis
in the rat. In vivo it acts mainly via the related acid 10. Potency was generally markedly reduced by placing substituents
on the phenyl ring of the phenoxypropanolamine unit of 8; only the 2-fluoro analogue 16 had comparable potency
to 8. Other structure-activity relationships are discussed. Further testing of 8 (ICI 198157) has shown that in the
rat it stimulates the B;-adrenergic receptor in brown adipose tissue at doses lower than those at which it affects
B, and B, adrenergic receptors in other tissues. It increases metabolic rate, as judged by an increase in oxygen
consumption, and in the genetically obese Zucker rat it causes a reduced rate of weight gain. This class of compound

may be useful in the treatment of obesity in man.

There is considerable evidence to suggest that the sym-
pathetic nervous system (SNS) is important in the control
of energy balance and weight regulation.! Agents which
directly or indirectly enhance the SNS have been shown
to be thermogenic and to cause weight reduction in obese
animals? and man.® Although such compounds are useful
pharmacological tools, their value as therapies for the
treatment of obesity may be limited by lack of selectivity
(at adrenergic receptors or in enhancing local concentra-
tions of noradrenaline) and by lack of tissue specificity.
The discovery that brown adipose tissue (BAT) is an im-
portant site of thermogenesis in the rat* indicated a tis-
sue-specific means of modulating energy expenditure. The
physiological effector of BAT is noradrenaline acting
through $-adrenoceptors.” Work which suggested that

(1) Landsberg, L.; Young, J. B. Fasting, Feeding and Regulation
of the Sympathetic Nervous System. N. Eng. J. Med. 1978,
298, 1295~1301.

(2) Dulloo, A. G.; Miller, D. S. Thermogenic Drugs for the Treat-
ment of Obesity: Sympathetic Stimulants in Animal Models.
Br. J. Nutr. 1984, 52, 179-196.

(3) Astrup, A.; Lundsgaard, C.; Madsen, J.; Christensen, N. J.
Enhanced Thermogenic Responsiveness During Chronic
Ephedrine Treatment in Man. Am. J. Clin. Nutr. 1985, 42,
83-93.

(4) Foster, D. O.; Frydman, M. L. Non-Shivering Thermogenesis
in the Rat. II. Measurements of Blood Flow with Micro-
spheres Point to Brown Adipose Tissue as the Dominant Site
of the Calorigenesis Induced by Noradrenaline. Can. J. Phy-
siol. Pharmacol. 1979, 56, 110-122.

B-receptors on BAT were different from conventional 8,
or (3, subtypes on other tissues® pointed to a way of se-
lectively stimulating BAT and thermogenesis without
producing unwanted side effects on atria and trachea and
other 8,- and 8,-receptor-mediated tissues. A human gene
encoding for a third (8;) 8-adrenoceptor has been isolated
recentlp;r and evidence presented for its presence in adipose
tissue.

We have synthesized various novel 8;-adrenergic agonists
which show appropriate selectivity for BAT. Three tests
were used in a screen to identify compounds of interest.
The first was designed to determine whether compounds
increased the core temperature of post-cold-adapted rats
(see Pharmacology section). Core temperature can be
increased by a variety of mechanisms and it was necessary
to identify and eliminate those compounds which do not
act by stimulting thermogenesis in BAT, i.e. which act by
a nonspecific or toxic mechanism. This was achieved in
the second test by measuring any increase in GDP binding

(5) Himms-Hagen, J. Brown Adipose Tissue Thermogenesis and
Obesity. Prog. Lipid Res. 1989, 28, 67-115.

(6) Arch, J. R. S.; Ainsworth, A. T.; Cawthorne, M. A.; Piercy, V.;
Sennitt, M. V.; Thody, V. E.; Wilson, C.; Wilson, S. Atypical
B-Adrenoceptor on Brown Adipocytes as Target for Anti-
Obesity Drugs. Nature (London) 1984, 309, 163-165.

(7) Emorine, L. J.; Marullo, S.; Briend-Sutren, M. M.; Patey, G.;
Tate, K.; Delavier-Klutchko, C.; Strosberg, D. Molecular
Characterization of the Human 8;-Adrenergic Receptor. Sci-
ence 1989, 245, 1118-1121.
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