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Abstract

New topical antimicrobial compounds comprised of N,N-dichloro-B,B-
disubstituted taurines (1a-k) have been examined for structure-stability
relationships (SSR) based upon various alkyl, heteroalkyl and cycloalkyl B-
substitutions. These substitutions affect order-of-magnitude changes in the
aqueous stability of these N,N-dichloroamines which can undergo Stieglitz
rearrangement of alkyl groups under extremely mild conditions (H,O, pH 4-
7, 0-20 mM acetate or phosphate buffer, 20-40 °C). This process produces
B-ketosulfonic acids which function as substrates for chlorination by the N-
chlorotaurines which leads to their further degradation.
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Figure 1: Stieglitz rearrangement of N,N-dichlorotaurine derivatives

Introduction

Halogens and halogenating agents have long been used as disinfectants,
antiseptics, and antimicrobials. While effectively killing bacteria, fungi and
viruses, many of these chlorinating agents are also toxic to mammalian cells.
This limits their application as therapeutics for sensitive topical applications
such as wounds and ocular infections.

In particular, chloramine and organic N-chloramines' have been used as
mild antimicrobials. These exhibit lower mammalian cytotoxicity versus
chlorine and chloramides while maintaining their antimicrobial activities. In
the body, the generation of hypochlorous acid in neutrophils which contain
high concentration of taurine leads to the formation of N-chlorinated
taurines?. Due to their nonspecific mechanism of action, these compounds
have low potential for the develop of sp T

N,N-dichloramines undergo dehydmchlonnation if hydrogens are present
on the carbon attached to the dichloroamine group in the molecule. With the
PB.B-disubstitution of the N,N-dichlorotaurines, this decomposition pathway
is prevented®. We expected that these derivatives would retain their
antimicrobial activity and exhibit greater stability than N,N-dichlorotaurine
or N-chlorotaurine. In the present study, we report the synthesis of a number
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Syntheses of j3,p-
Disubstituted Taurines

The synthesis of 3,B-disubstituted taurines (5) was
accomplished by one of two general synthetic schemes, and
the routes chosen based upon the commercial availability of
the required starting materials.
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Conditions: (a) (1) Boc,0, NaHCO,, THF/H,0, 0 °C, 2-18 h (2) TMSCHN,,
McOH/THF, 0-20 °C, 2-4 h (42-96% over two steps) (b) LiBH,, THF/E{OH, 0-
20°C, 18-24 h (79-90%), () MsCL, NEt,, CH,CL,, 0°C, 1-3 h (55-96%) (d) (1)
HCI, 1,4-dioxanc, 25 °C, 1 h, (2) Na,SO,, H,0, 20-50 °C, 2-18 h (32-93% over
WO steps).

Figure 2: Synthesis via Amino Acid Route.

0. R t- Bu\ -N R t-Bu< /N
DTS S i
R1 O O R1 Rz
6 7

N
o) "HaN .
) AN ™s0,
R1 Rz
Sd-e,i4
Conditions: (a) t-BuSONH,, Ti(OEY),, 50-70 °C, 2-18 h (19-78%), (b) MeSO,EL,
n-BuLi, THF, HMPA, -78 °C, 4 h (15-42%), (c) (1) LiOH, THF/MeOH/H,0, 25
. (2) HCI, MeOH, 1,4-dioxane, 25 °C, 15 min (7-100% over two

Figure 3: Synthesis via Sulfinimine Route*.

Chlorination and Stability

HSN?(\SO [crq CI2N7(\SO Na
R1 Rz R1 R2
5 1

series R, R, Method?® 1 (%) Temp.

-Me, -Me
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28 40°C
76 40°C
60 40°C
259C
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43 40°C
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61 25°C
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* A (trichloroisocyanuric acid (TCI) in water), B (HOCI, prepared in situ at pH 4-
5), or C (t-BuOCI in methanol). ® Unstable compound, not isolated in pure form.

Solution stabilities of 1-4 mM compounds 1a-k were
evaluated at a variety of pH values (4-7) and buffer
concentrations (4-20 mM). The samples were incubated at 25
°C or 40 °C and quantified either by the UV signature of the
dichloroamine chromophore (As_3,0) or by HPLC.

Surprisingly, the stabilities of 1 varied by several orders of

magnitude for the examples studied. Thus, some decomposed at
room temperature in minutes, while others were stable for years

at elevated temperatures.

Identification of Decomposition Products

Parent Compound 1b 1c
R,=R,=-Et | R,=R,=-Pr

g
R.R, =(CH,),| Ry.R,=-(CH,)

1f 1 1h
RyR, = +(CH,)e-

8b 1.0 (151) | 8c 1.4 (165)

- 129 1.4 (204) 12h 1.9 (218)
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Figure 7: Decomposition of (a) acyclic and (b) cyclic N,N-dichlo?b-][ﬁ[}»disubstituted taurines,
followed by (c) chlorination of the resulting B-ketosulfonic acids.

Our proposed mechanism involves an initial Stieglitz rearrangement® of the alkyl and cycloalkyl
derivatives to generate an intermediate N-chloroiminium species, which is readily hydrolyzed to the
ketone and the N-chloroalkylamine. Acyclic derivatives produce 8 (Figure 7a). However, the
formation of the nitrile moiety in 12f-h from the cyclic derivatives 1f-h suggests that the
corresponding hydrolysis of A giving B may be reversible, stabilizing B until it is further
chlorinated to C through transchlorination (Figure 7b). The double dehydrochlorination of C could
then provide the observed nitrile 12. Chlorination of the enolic forms of the B-ketosulfonates leads
to the observed mono- (9b-c, 13f-h), di- (10b-c, 14f-h) and trichloro- (11b-c, 15f-h) derivatives
(Figure 7c).

Conclusions
Secondary Substituents
Primary Substituents 1d: ty2 < 10 min @ 25°C
1b:ty,=1d @ 40°C
lc:ty2=0.5d @ 40°C
1f:ty2=5d @ 40°C
19:ty,= 7 d@ 40°C

Methyl Substituents

tp s o
12 o> 21 @ 40°C lettip=6h @ 25°C

Primary Substituents with Ring Strain

of novel B,B-disubstituted N,N-dichlorotaurines (1a-k) and examine their
aqueous stabilities to assess their suitability as topical antimicrobial agents.

H
P SOaH
)\/so3H -

\\\/SOSH

Cation-Stabilizing Substituents
13h 2.5 (252%) 4ty =15d @ 25°C
14h 3.1 (286**) 1k:typ < 1d @ 25°C
15h 3.8 (320***) >
increasing decomposition rate
Figure 8: Half-lives of selected derivatives

5b 1.4(180) | 9c 2.3(199*) | 5f1.2(178) 59 1.6 (192)

9b 1.5 (185%) | 5c 2.7 (208) | 13f 1.6 (224*) | 13g 1.9 (238*)
10b 2.5 (219**) |10c 3.2 (233**) | 14f 2.2 (258**) | 14g 2.6 (272**)
11b 3.3 (253***) |11c 3.7 (267**)|15f 2.7 (292***) -
Figure 4: Degradants, with their ELSD retention times in minutes and mass-to-charge ratios in parentheses. Asterisks (*) indicate the
presence of chlorine(s) as evidenced by the isotopic ratio in the mass spectrum (e.g. 200* indicates a 3:1 ratio of m/z 200 to m/z 202,
while 286** indicates a 9:6:1 ratio of m/z 286 to m/z 288 to m/z 290).
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5h 2.1 (206) 1h:ty,=2d @ 40°C

Degradants littyp=1d @ 40°C

X. &/soaH -HCl
<k

X=-H, typ~40d

=-Cltz~20d Stieglitz rearrangements of N,N-dichloro-,B-disubstituted taurines have been observed in aqueous

buffers at 20 °C to 40 °C. The decomposed products are B-ketosulfonic acids and w-cyano-B-
ketosulfonic acids which chlorinate through an enol-mediated chlorination pathway.

References

1. (a) Pogany, S. A.; Higuchi, T. U.S. Patent No. 4,386,103. (b) Cunningham, C.; Tipton, K. F.; Dixon, H. B. F. Biochem. J. 1998, 330, 939-945.
(c) Gottardi, W.; Nagl, M. J. Antimicrob. Chem. 2005, 55, 475-482.

2. (a) Weiss, S. J.; Klein, R.; Slivka, A.; Wei, M. J. Clin. Invest. 1982, 70, 598-607. (b) Nagl, M.; Hess, M. W.; Pfaller, K ; Hengster, P.; Gottardi,
'W. Antimicrob. Agents Chem. 2000, 44, 2507-2513.

3. Wang, L.; Khosrovi, B.; Najafi, M. R. Tetrahedron Lett. 2008, 49, 2193-2195.

4. (a) Cogan, D.A.; Ellman, J. A. J. Am. Chem. Soc. 1999, 121, 268-269. (b) Liu, J.; Li, Y.; Hu, J. J. Org. Chem. 2007, 72, 3119-3121.

5. (a) Stieglitz, J.; Leech, P.N. J. Am. Chem. Soc. 1914, 36, 272-301. (b) Theodorou, V.; Skobridis, K.; Karkatsoulis, A. Tetrahedron 2007, 63,
4284-4289. (c) Hoffman, R. V.; Poelker, D. J. J. Org. Chem. 1979, 44, 2364-2369.

X =-Cl, tyy2 > 600 d 9 10 11

Figure 2. Dehydrohalogenation of N,N-dichlorotaurine and ,3-dimethyl (where Ry = R-CHy)
substitution (1a). Stability studies conducted at 20 °C, 150 mM NaCl, pH

35 Figure 5: Decomposition of acyclic derivatives 1b-d.

The location of the chlorines in 9, 10, and 11 was
confirmed by observation of desymmetrization and
resymmetrization of R, protons by 'H NMR.

Figure 6: Decomposition of cyclic derivatives 1e-i. The
location of chlorines in 13, 14, and 15 were confirmed by 'H
NMR as in Figure 5.




