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Bacterial cells have the ability to accumulate compatible solutes within the cytoplasm to maintain
their osmolarity above that of the extracellular milieu. Glycine betaine (GB) and its biosynthetic
precursor choline (Chol) are the major compatible solutes that bacteria accumulate when osmotically
challenged. Different osmotically triggered active transport mechanisms have been identified for
GB and Chol. In the present study we examined the bioisosteric replacement of the carboxylic
group of GB with sulfonic, phosphonic or benzenesulfonamido groups. The sulfonic acid analog
(sulfobetaine, compound 3) showed osmoprotectant activity equivalent to that of GB. In addition,
we tested the possibility of utilizing GB/Chol transport systems to deliver cytotoxic analogs of GB
into three strains of E. coli that differed in their salt resistance. We found that N'-betainyl-N*-
(haloacetyl)sulfanilamides (compounds 17c—e) that are GB analogs containing alkylating side
chain within their structures inhibited the bacterial growth of the tested standard and salt sensitive
strains of E. coli. We also showed that the (N-methyl-cyclic ammonio)methanesulfonates
(compounds 21a—c) are able to block Chol transport system in both the standard and the salt-
sensitive E. coli strains used. At the concentration used (0.1 mM), none of the tested compounds

showed any significant effect on the salt-resistant strain used.

Bacterial cells need to adapt to the marked fluctuation
in the osmotic conditions of their surroundings in order
to survive. This is accomplished by a series of osmo-
adaptive mechanisms that tend to maintain the internal
osmotic pressure slightly higher than that of the extra-
cellular environment.!:2

The osmoadaptive mechanisms in enteric bacteria are
controlled by osmotolerance genes that upon osmotic
challenge trigger regulatory responses.2® These include
accumulation of osmolytes (compatible solutes), which
support the intracellular turgor in bacteria. Compatible
solutes include potassium ions, proline, glutamate, and
trehalose.l379 The osmotic regulatory responses also
include the synthesis and uptake of osmoprotectant
molecules. The major osmoprotectant molecule in enteric
bacteria is glycine betaine (GB, 1).1-310-13 Because of its
dipolar character, GB is thought to form a protective “shell”
around the protein excluding ions that may otherwise
induce adverse conformational changes.!? Under high
osmotic conditions, osmoprotectants help maintain protein
metabolic functions, in addition to providing positive
turgor to the cytoplasm.'* Upon osmotic stress, bacteria
take up GB from the environment or synthesize it from
choline (Chol, 2) via a series of oxidative steps (Figure
1).1.311  Different, osmotic-triggered, active transport
mechanisms for GB and its precursor Chol have been
identified in several types of bacteria.l-315-17
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Figure 1. The metabolically linked glycine betaine—choline
transport system in enteric bacteria.

terial activity in fluids of high osmolarity such as urine
(which we found to contain GB!%19), The transport
systems for GB and Chol could also be used to deliver
toxic analogs into bacterial cells under conditions of
osmotic stress. The therapeutic potential of such com-
pounds prompted us to study the structural requirements
for the osmoprotectant activity and the uptake of GB. We
have previously shown that the quaternary ammonium
end of GB could be replaced, with complete retention of
the osmoprotectant activity, by other permanently charged
cationic moieties such as dimethylsulfonium group.?’ The
goal of the present study is to pursue this investigation by
the bioisosteric replacement of the carboxylic end of the
molecule with sulfonic, phosphonic, of N-arylsulfonyl
amide groups and also to further examine the replacement
of the quaternary ammonium portion of the molecule with
quaternary cyclic ammonium moieties.

The aromatic ring of the N-arylsulfonyl series provides
us with a vehicle to which different electrophilic moieties
(e.g. potentially toxic alkylating groups) could be linked.
This allows for the investigation of the possibility of
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utilizing GB/Chol transport system to deliver such cyto-
toxicmoieties into bacterial cells. This will be areasonable
way to interfere with the osmoadaptive mechanisms in
bacteria and may lead to a development of a new class of
antibacterial agents.

Chemistry

(Trimethylamino)methanesulfonate (sulfobetaine, 3)
was synthesized by the method of King and Skonieczny.2!
(Trimethylamino)methanephosphonate (phosphobetaine,
6) was obtained by acid hydrolysis of the diethyl ester
precursor 5. That was obtained by reacting diethyl
phosphite with formaldehyde and dimethylamine followed
by quaternarization with methyl iodide (Scheme I).

The general routes for the synthesis of the N-arylsulfonyl
amide derivatives are summarized in Schemes II and III.
Benzenesulfonamide (7) was N-chloroacetylated with
chloroacetic anhydride (8) and 4-(dimethylamino)pyridine
(DMAP) togive (N-chloroacetamido)benzenesulfonamide

(9). Treatment of 9 with trimethylamine in refluxing
acetone yielded the target compound N-betainylbenzene-
sulfonamide (10). The synthesis of analogs of compound
10 (compounds 14, 17a-e) started with sulfanilamide (11).
Treatment of 11 with 8 and pyridine following the standard
sulfonamide acylation procedures yielded only the N4-
chloroacetylated compound 12. Using DMAP instead of
pyridine in this reaction we were able to get the N!,N%-
dichloroacetylated analog compound 13. Reaction of 12
or 13 with trimethylamine in refluxing acetone gave the
corresponding betainyl derivatives 14 and 15. Treatment
of 15 with 1 equiv of NaOH followed by neutralization
with HCl cleaved the N*-betainyl group to give N!-
betainylsulfanilamide dihydrochloride (16). Treatment
of 16 with the appropriate acid anhydride and pyridine
gave the corresponding analogs 17a—c¢ in good yields.
Compound 17d was obtained by reacting 16 with bro-
moacetyl bromide and pyridine. Compound 17e was
obtained by reacting 16 with iodoacetic anhydride in
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absence of the base. The target compounds 21a—-c were
synthesized by the treatment of the commercially available
sodium hydroxymethanesulfonate (19) with the appro-
priate cyclic amine to give the intermediates 20a-c that
were then quaternarized to the target compounds by the
treatment with methyl iodide.

Biological Evaluation

The effect of the new analogs on the osmotolerance of
enteric bacteria was tested against three strains of E. coli,
a standard strain E. coli K10, a salt-resistant strain E. coli
31-, and a salt-sensitive strain E. coli ATCC 25922. The
cells were grown in minimal media (MM) containing
increasing concentrations of NaCl (0.1-1.0 M in 0.1 M
increments) and the ability of the compounds to enhance
or inhibit the bacterial salt tolerance was tested. Also the
effect of the tested compounds on the osmoprotectant
ability of GB, and its biosynthetic precursor Chol, was
tested to determine if we can interfere with the uptake of
either.

Results and Discussion

Target compounds were tested against three different
strains of E. coli grown in different osmotic environments.
The compounds were tested at a concentration of 0.1 mM
for their ability to interfere with the bacterial maximum
salt tolerance.

Maximum salt tolerance of the different strains of E.
coli grown in MM, or in MM containing GB or Chol (0.1
mM) are recorded in Table I. Maximum salt tolerance of
bacteria grown in MM containing the test compounds alone
or in combination with GB or Chol are also recorded in
TableI. The effect of representative members of the novel
compounds on the maximum salt tolerance of E. coli 31,
K10, or ATCC25922 is graphically presented in Figures
2-4 respectively.

The results indicated that bioisoteric replacement of
the carboxylic group of GB with a sulfonic group (sulfo-
betaine; compound 3) produces an osmoprotectant with
equipotent activity to GB in both the standard and the
salt resistant strains used (Figures 2 and 3). It showed
some toxicity toward the salt-sensitive strain, which was
completely reversed by GB and to a lesser extent by Chol
(Figure 4). The phosphonic acid analog (compound 6)
did not show any osmoprotectant activity or toxicity
toward any of the tested strains (Table I). This indicates
that the sulfonic, and not the phosphonic, group canreplace
the carboxylic group part of GB with complete retention
of its osmoprotectant activity.

Abdel~Ghany et al.

Table I. Effect of the Tested Compounds on Bacterial
Maximum Salt Tolerance

maximum salt tolerance (M NaCl)®

compd media E.coli 31 E.coli K10 E.coli ATCC25922

MM 0.65 £ 0.05 0.49 + 0.03 0.42 + 0.04

MM+ GB 092+ 0.04 0.90 % 0.04 0.83 £+ 0.05

MM + Chol 0.88 +0.04 0.81 &+ 0.04 0.82 £ 0.02

3 MM 0.83 £0.06 0.83 £+ 0.06 0.27 £ 0.06
MM+ GB 0.90 £ 0.00 0.93 & 0.06 0.86 + 0.06

MM + Chol 0.90 £ 0.00 0.90 £ 0.10 0.33 £ 0.10

6 MM 0.60 £ 0.00 0.40 % 0.00 0.33 + 0.06
MM+ GB 0.90 £ 0.00 0.87 + 0.06 0.80 £ 0.00

MM + Chol 0.83 £ 0.00 0.77 + 0.06 0.77 £ 0.06

10¢ MM 0.73 £0.06 0.56 £+ 0.06 0.50 £ 0.00
MM+ GB 0.90 £ 0.00 0.90 £ 0.00 0.83 £ 0.06

MM + Chol 0.90 £ 0.00 0.86 % 0.06 0.80 + 0.00

17a¢ MM 0.70 £ 0.00 0.57 £ 0.07 0.40 £ 0.00
MM+ GB 0.90 % 0.00 0.90 % 0.00 0.86 £ 0.07

MM + Chol 0.80 & 0.00 0.83 £ 0.07 0.80 = 0.00

17¢ MM 0.63 £ 0.06 0.30 % 0.00 0.10 £ 0.00
MM+ GB 0.90 £ 0.00 0.86 % 0.06 0.86 + 0.06

MM + Chol 0.80 £ 0.00 0.80 £ 0.00 0.80 £ 0.00

2la MM 0.70 £ 0.00 0.50 £ 0.00 0.13 + 0.06
MM+ GB 0.93+0.06 0.97 = 0.06 0.87 + 0.06

MM + Chol 0.86 £ 0.06 0.60 % 0.00 0.20 £ 0.00

21lb MM 0.43 £ 0.05 0.35 % 0.06 0.13 £ 0.06
MM+ GB 0.93+£0.05 0.90 % 0.00 0.86 + 0.06

MM + Chol 0.88 £ 0.05 0.50 % 0.00 0.20 £+ 0.00

2le MM 0.77 £ 0.06 0.63 £ 0.06 0.20 £ 0.10
MM+ GB 0.97+0.06 0.97 + 0.06 0.83 £ 0.06

MM + Chol 0.90 £+ 0.00 0.87 & 0.06 0.23 £ 0.06

¢ Maximum salt tolerance was measured as the maximum NaCl
molar concentration that showed 50% bacterial growth (average of
three observations £SD, see Experimental Section). ® Media consists
of minimum media (MM), MM + 0.1 mmol GB or MM + 0.1 mmol
Chol with and without 0.1 mmol of the tested compound. ¢ Com-
pounds 14, 15, and 16 showed similar activity to that of 10.
4 Compound 17b showed similar activity to that of 17a. ¢ Compounds
17d—e showed similar activity to that of 17¢.

H MM+GB O MM+Chol

Maximum Salt-Tolerance (M NaCl)

Control 3 10 17c 21b

Compound Number

Figure 2. The effect of the tested compounds on the maximum
salt tolerance of the salt resistant strain E. coli 31; bars represent
the SDM (n = 3). (*) Significant from its control at p < 0.01
(paired student T-test). (**) Significant from its control at p <
0.05 (paired student 7T-test).

The N-benzenesulfonyl amide analog of GB (compound
10) showed slight osmoprotectant activity at the concen-
tration used (Table I, Figure 4). That indicates that the
GB/Chol transport system can recognize the N-arylsulfonyl
amide group as bioisostere of the carboxylic group of GB.
This type of bioisosteric replacement of the carboxylic
group has been utilized before in different systems.?223
Addition of 4-amino or 4-betainyl amide groups on the
aromatic ring of 10 (compounds 16 and 15, respectively)
did not enhance its osmoprotectant activity (Table I). The
N* regioisomer of compound 16 (compound 14) showed
similar activity tothat of 10 (TableI). When the alkylating
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Figure 3. The effect of the tested compounds on the maximum
salt tolerance of the standard strain E. coli K10; bars represent
SDM (n = 3). (*) Significant from its control at p < 0.01 (paired
student T-test).
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Figure 4. The effect of the tested compounds on the maximum
salt tolerance of the salt sensitive strain E. coli ATCC 25922;
bars represent SDM (n = 3). (*) Significant from its control at
p <0.05 (paired student T-test). (**) Significant from its control
at p < 0.01 (paired student T-test).

arm (haloacetamido moiety) was attached to N* of
compound 16 (compounds 17c-e), they showed strong
toxicity to both the standard (K10) and the salt sensitive
(ATCC25922) E. coli strains (Table I). This toxicity was
completely reversed by both GB and Chol (Figures 3 and
4). The fact that compounds 17c—e did not show any
toxicity at zero molar salt concentration indicates that
these compounds are probably utilizing the osmotically
triggered GB/Chol transport systems to get into the
bacterial cells and perform their cytotoxicity. The pres-
ence of the natural substrates for these transport systems
can prevent such toxicity. To prove that the toxicity is
due to the electrophilic character and not due to the size
of compounds 17¢—e, we tested compounds 17a and 17b
in which the halogen atom is replaced by a hydrogen atom
or a methyl group, respectively. The results indicated
that neither 17a nor 17b possess any toxicity, in fact they
showed slight osmoprotectant activity (Table I).

When we replace the trimethylammonium portion of
the sulfobetaine (compound 3) with other cyclic ammo-
nium moieties, such as methylpyrrolidinium (compound
21a), methylpiperidinium (compound 21b), or methyl-
morpholinium (compound 21¢), we observed marked
inhibition of the bacterial maximum salt tolerance of the
standard and the salt-sensitive strains (Figures 3 and 4)
and to a lesser extent in the salt-resistant strain (Figure
2). This effect was reversed by GB but not by Chol. This
observation suggests that compounds 21a—c¢ may possess
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better affinity for the Chol than for the GB transport
system. Recently we have shown, through the use of
radiolabeled Chol, that (N-methylpiperidino)methane-
sulfonate (21b) can block Chol transport into the bacterial
cells under high osmotic pressure.?*

Conclusions

The carboxylic group of GB is bioisosterically replace-
able with sulfonic but not phosphonic groups (compounds
3 and 6). We were able to utilize the GB/Chol transport
systems to deliver cytotoxic analogs of GB (compounds
17c—e) into bacterial cells. The Chol transport system is
inhibited by the (methyl-cyclic ammonio)methanesulfonate
(compounds 21a-c).

Experimental Section

Bacterial Strains. E. coli K10 was provided by L. T. Smith
(University of California, Davis). E. coli ATCC 25922 was
obtained from the American Type Culture Collection. E.coli 31
was obtained from clinical isolates from young women with
urinary tract infections. Stock cultures, from a single colony of
each isolate, were grown in Schaedler’s broth containing 15%
glycerin (Difco, Detroit, MI) and stored at 40 °C.

Media. Minimal medium consisted of glucose (2.0 g), KoPOj4
(10.5 g), KHPO, (4.5 g), trisodium citrate (0.5 g), MgSO, (0.264
g), and (NH,).SO4 (1.0 g) per liter; the pH was adjusted to 7.2
prior to use. The osmolarity was 238 mOsmol/kg as determined
by freezing point depression. The osmolarity of the minimal
medium was elevated by the additional NaCl as indicated. GB
and Chol were obtained from Sigma Chemical Co. (St. Louis,
MO).

Growth Conditions. A single colony, isolated from Mac-
Conkey agar plates (BBL Laboratories, Cockeysville, MD), was
subcultured in minimal media and incubated overnight at 37 °C.
A 1:200dilution of a 0.5 McFarland standard (final concentration
~5 X 10° cfu/mL) was added to tubes containing minimumn
medium alone or with graded concentration of NaCl (0.1-1 M in
0.1 M steps). Growth was assessed by ODggonm at 48 h using a
Milton Roy spectrophotometer (Spectronic 601, Rochester, NY).
The end point for salt tolerance was the maximum concentration
of NaCl at which there was 50% or more growth (absorbance of
~0.5) compared with tubes in there was full growth.

Melting points were determined using Thomas-Hoover melting
point apparatus and are uncorrected. Structures of all the new
compounds were confirmed by 'H-NMR, elemental analysis, and/
or MS spectra. 'H-NMR spectra were obtained with IBM AF/
250 FTNMR (250 MHz) with D,O as solvent and HOD as internal
reference. Mass spectra were obtained with Kratos MS 25 RFA
mass spectrometer. Elemental analyses were performed by
Galbraith Laboratories, Inc., Knoxville, TN. All analytical resuits
for the indicated elements were £0.4 % of the theoretical values.

((V,N,N-Trimethylammonio)methyl)phosphonate (6). Di-
ethyl((trimethylammonio)methyl)phosphonate iodide (5) was
prepared according to the reported procedure (62%), mp 120—
122 °C (lit.2> mp 126 °C). The diethyl ester 5 (2.1 g, 6.4 mmol)
was refluxed with concentrated HCI (10 mL) for 4 h, and the
solvent was removed under vacuum. The resulting solid was
dissolved in H,0 (150 mL), brought to ~pH 8 with 10% aqueous
NaOH, and passed through a column of amberlite MB-1 desalting
resin. Solvent was removed under vacuum to give 6 (0.74 g,
72%): mp 285 °C (1it.2> mp 270 °C); 'H NMR 6 3.23 (d, 2 H) and
3.1 (s, 9 H); MS m/e FAB 153 M*. Anal. (C{4H;,NO;P)C,H,N.

N-(Chloroacetyl)benzenesulfonamide (9). A suspension
of benzenesulfonamide (7; 1.8 g, 11.4 mmol), chloroacetic
anhydride (8; 2.1 g, 12.3 mmol), and DMAP (1.4 g, 11.4 mmol)
in dry CHCl; (20 mL) was heated at reflux for 5 h. The reaction
mixture was cooled and washed with 1 N HCI (2 X 20 mL). The
nonaqueous layer was concentrated at reduced pressure. Upon
addition of hexane the product precipitated out of solution and
was collected by filtration. Recrystallized from toluene gave 9
(2.4 g, 90%), mp 94-96 °C (lit.26 mp 104-105 °C).

N-Betainylbenzenesulfonamide (10). Trimethylamine (4
mL, 25% aqueous solution, 17 mmol) was added to 9 (1 g, 5.0
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mmol) in acetone (30 mL), and the reaction mixture was heated
at reflux for 5 h. The product that separated out was collected
and recrystallized from H;0 to give colorless crystals of 10 (0.61
g,56%): mp 280-283°C;'HNMR §7.73 d,J = 8 Hz,2 H), 7.46
(m, 3H), 3.79 (s, 2 H), and 3.04 (s, 9 H); MS m/e El1 256 M*. Anal.
(CuHisNO3S) C, H, N.

N-(Chloroacetyl)sulfanilamide (12). A solution of 8 (5.6
g, 32.7 mmol) in dry CH>Cl; (10 mL) was added dropwise to a
suspension of sulfanilamide (11; 5.0 g, 29.0 mmol) and pyridine
(5.0 g, 63.0 mmol) in dry CH,Cl; (100 mL), and the reaction
mixture was heated at reflux for4 h. The product thatseparated
out was collected by filtration, washed with 1 N HCIl, and
recrystallized from MeOH to give colorless crystals of 12, mp
218-220 °C (lit.2"%8 mp 217 °C).

N, N*-Bis(chloroacetyl)sulfanilamide (13). A solution of
8 (30 g, 175.45 mmol) in dry CH,Cl: (100 mL) was added over
a period of 2 h to a cooled suspension of 11 (ice bath; 10 g, 58.0
mmol) and DMAP (15g, 122.7 mol) in dry CH,Cl, (200 mL). The
reaction mixture was heated at reflux for 4 h, upon which a heavy
precipitate separated out that was collected by filtration and
washed with 1 N HCL. The solid was dissolved in 10% aqueous
NaOH solution, treated with activated charcoal, and reprecip-
itated with 10% aqueous HCl. Recrystallization from MeOH
gave yellowish crystals of 13 in almost quantitative yield; mp 246
°C (lit.27 mp 215 °C). Anal. (ClonClzN204S) C, H, N

N:-Betainylsulfanilamide Hydrochloride (14). Thesame
procedure as for 10 was applied using 12 (1 g, 4.02 mmol) as
starting material. Recrystallization was done from H;O/acetone
to give 14 (0.66 g, 50%) as colorless crystals: mp 268 °C; 'H
NMR §17.78 d,J =7 Hz, 2 H), 7.58 (d, J = 7 Hz, 2 H), 4.2 (s,
3 H), and 3.25 (s, 9 H); MS m/e EI 271 M*. Anal. (C Hi+-
N;0,;S-HC)) C, H, N.

N, N*.Dibetainylsulfanilamide Hydrochloride (15). Tri-
methylamine (5.6 mL, 256% w/v, 23.2 mmol) was added to a
suspension of 13 (1 g, 3.0 mmol), and the resulting solution was
heated at reflux for 2 h. The product that separated out was
collected and recrystallized from H;0O/acetone to give white
clusters of 15 (0.9 g, 81%): mp 302 °C dec; 'H NMR 4 7.73 (d,
J=8Hz 2 H), 752, J =8Hz 2 H), 4.15 (s, 2 H), 3.77 (s, 2
H), 3.21 (s, 9 H), and 3.03 (s, 9 H); MS m/e EI 270 M*. Anal.
(CsH2N,0,8-HC) C, H, N.

N'-Betainylsulfanilamide Dihydrochloride (16). A mix-
ture of 15 (0.8 g, 2.0 mmol) and NaOH (0.1 g, 2.5 mmol) in H,O
(10 mL) was heated at reflux for 15 min and acidified to ~pH
4 with 10% aqueous HCL. The solvent was removed at reduced
pressure, and the organic material was extracted from the residue
with MeOH (2 X 25 mL). The product was precipitated with
ether to give 16 (0.5 g, 74%), mp 248 °C (lit.?® mp 254 °C).

General Procedure for the Synthesis of N*-Acyl-N!-
betainylsulfanilamides (17a-e). N*-Acetyl-N'-betainylsul-
fanilamide (17a). A mixture of 16 (0.35 g, 1.0 mmol), acetic
anhydride (0.122 g 1.2 mmol), and dry pyridine (0.2 g, 2.5 mmol)
in dry CH,Cl; (10 mL) was heated at reflux for 4 h during which
the product separated out. It was collected by filtration and
recrystallized from MeOH/ether to give 17a (0.3 g, quantitative):
mp 263-265 °C; 'H-NMR 6 7.7 (d,J = 8 Hz,2H),7.48 (d, J =
8 Hz, 2 H), 3.78 (s, 2 H), 3.04 (s, 9 H), and 2.03 (s, 3 H). Anal.
(Ci13HsN30,8-H0) C, H, N.

N:-Propionyl-N!-betainylsulfanilamide (17b). The same
procedure as for 17a was used except that propionic anhydride
(0.15 g, 1.2 mmol) was used instead of acetic anhydride to give
17b (0.35 g,92%): mp 240-241 °C;'H NMR 6 7.7 (d, J = 8 Hz,
2 H),7.48 (d, J = 8 Hz, 2 H), 3.78 (s, 2 H), 3.05 (s, 9 H), 2.3 (q,
J = 7 Hz, 2 H), and 1.03 (t, J = 7 Hz, 3 H). Anal
(C14HzN;3;0,8-HC)) C, H, N.

N:-(Chloroacetyl)-N'-betainylsulfanilamide (17¢). The
same general procedure as for 17a was applied except that the
anhydride used was 8 (0.2 g, 1.2 mmol) to give 17¢ (0.3 g, 84%).
Crystallization solvent was H,O/acetone: mp 225-227 °C; 'H
NMR §7.75 (d, J = 8 Hz, 2 H), 7.55 (d, J = 8 Hz, 2 H), 4.18 (s,
2 H), 3.8 (s, 2 H), and 3.05 (s, 9 H); MS m/e EI 347 M*. Anal.
(C13H,5CIN;0,48-H;0) C, H, N.

N'-(Bromoacetyl)-N'-betainylsulfanilamide Hydrobro-
mide (17d). The same general procedure as for 17a was applied
except that bromoacetyl bromide (0.24 g, 1.2 mmol) was sub-
stituted for acetic anhydride, and the reaction was carried out

Abdel-Ghany et al.

at room temperature to give 17d (0.45 g, 93%). Crystallization
solvent was MeOH/ether: mp 212-214 °C; 'H NMR 5 7.74 d,
J =8Hz,2H),7.53 d,J =8 Hz, 2 H), 3.95 (s, 2 H), 3.8 (8, 2 H),
and 3.06 (s, 9 H). Anal. (C,3H;sBrN3;0,S-HBr) C, H, N.
N-(Iodoacetyl)-N'-betainylsulfanilamide (17e). Thesame
general procedure as for 17a was applied except that pyridine
was omitted, iodoacetic anhydride (0.42 g, 1.2 mmol) was used
instead of acetic anhydride, and the reaction was carried out at
room temperature overnight to give 17e (0.56 g, quantitative).
Crystallization solvent was H,O/acetone: mp 198-200 °C; 'H
NMR §7.72 (d,J =7 Hz, 2 H), 7.50 (d, J = 7 Hz, 2 H), 8.79 (s,
4 H), and 3.05 (s, 9 H). Anal. (C3H;sIN;0,4S) C, H, N,
(N-Methylpyrrolidinio)methanesulfonate (21a). Pyrro-
lidine (0.79 g, 11.1 mmol) was added to a solution of sodium
hydroxymethanesulfonate (19; 1.0 g, 7.4 mmol) in H;O (20 mL),
and the reaction mixture was stirred at room temperature for 3
h. The H,0 was then distilled off under reduced pressure togive
N-pyrrolidinylmethanesulfonate (20a; 1.3 g, 90%). Quaterna-
rization was carried out by stirring 20a (0.5 g, 2.6 mmol) with
iodomethane (0.4 g, 2.8 mmol) in aqueous methanol solution
overnight. The zwitterion was obtained by passing an aqueous
solution of the quaternary ammonium salt through a column of
Amberlite MB-1 desalting resin. Distillation of H,O under
reduced pressure gave 2la (0.3 g, 62%): mp 220-222 °C; 'H-
NMR § 4.4 (s, 2 H), 3.7-3.5 (m, 4 H), 3.18 (s, 3 H), and 2.2-2.0
(m, 4 H) Anal (CsHmNOsS) C, H, N
(N-Methylpiperidinio)methanesulfonate (21b). Thesame
procedure as for 21a was used except that piperidine (0.94g,11.0
mmol) was used instead of pyrrolidine to give 21b (0.25 g, 53 % ):
mp 224-226 °C; 'H NMR 6 4.38 (s, 2 H), 3.62-3.55 (m, 2 H),
3.42-3.32 (m, 2 H), 3.22 (s, 3 H), 1.80 (m, 4 H), and 1.57-1.54 (m,
2 H); MS m/e FAB 194 M*. Anal. (C;H;;NO;S) C, H, N.
(N-Methylmorpholinio)methanesulfonate (21¢). The same
procedure as for 21a was used except that morpholine (0.97 g,
11.0 mmol) was used to give 21¢ (0.22 g, 45%): mp 272-274 °C;
1H NMR 6 4.55 (s, 2 H), 3.99 (t, J = 7 Hz, 4 H), 3.79-3.68 (m,
2 H), 3.6-3.5 (m, 2 H), and 3.39 (s, 3 H). Anal. (C¢HsNO,S) C,
H, N
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