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Abstract

We have found that α-amino acid amide derivatives of 2-aminobenzothiazoles undergo a time-

dependent, thermal rearrangement in which the amine group attacks the 2-position carbon of the

thiazole ring to form a 5,5-spiro ring system. This is followed by sulfur leaving and air oxidation

to the corresponding symmetrical disulfide. The isolated yields of such products are quite high

(>70%) if there is conformational bias to further promote the intramolecular reaction such as for

the 2-aminobenzothiazole amides derived from proline or 4-aminopiperidine-4-carboxylic acid.

This rearrangement has not been described previously for α-amino acid amide derivatives of 2-

aminobenzothiazoles. However, a related reaction involving 2-semicarbazido benzothiazoles has

been recently reported.
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2-Aminobenzothiazole 1 is a well-represented substructure in medicinal and organic

chemistry being found in agents to treat cancer and nerve degeneration.1-3 For example,

riluzole 2 is approved by the US FDA for the treatment of amyotrophic lateral sclerosis

(ALS), and is marketed under the trade name Rilutek®.4 The aromatic structure of 1 and the

presence of endo- and exo-heteroatoms provide a stable framework for intermolecular

interactions, such as π stacking and H-bond acceptors, that can elicit energetically favorable

interactions with host proteins promoting desirable pharmacological responses. Compound 1
can undergo acylation of the exocyclic nitrogen, alkylation of the endocyclic nitrogen and

oxidation of the sulfur.3 The thiazole ring of 1 is generally stable, but has been reported to

cleave upon intramolecular attack of thiosemicarbazides, such as 3 to give 4, followed by

disulfide formation between two equivalent thiophenol products (Scheme 1).5 This reaction
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presumably proceeds via formation of a spiro-5,5 intermediate, followed by formation of the

1,2,4-triazole and a free thiol, and then oxidative coupling of two thiols to the disulfide.

While preparing N-amino acid amide derivatives of 2, we discovered a similar reaction to

the one shown in Scheme 1 involving thiazole ring opening. α-Amino acid derivatives of

riluzole were prepared using the Mukaiyama coupling reagent followed by acid deprotection

of the tert-butyloxycarbonyl (Boc) group (Scheme 2). These amide derivatives serve as

prodrugs, being cleaved back to 2 in mouse plasma by the action of peptidases.6 However,

in the absence of peptidase-mediated cleavage, an alternative, time-dependent chemical

rearrangement and reaction process was observed. When L-proline riluzole amide 5 was

treated diisopropylethylamine (DIPEA 40 °C, 72 hr), disulfide 6 was formed in high yield as

identified via 1H-NMR and MS (Scheme 3, Table 1). A plausible mechanism for this

rearrangement involves 5-membered ring attack of the nucleophilic amine nitrogen on the

electrophilic 2-position of the benzothiazole providing strained spiro intermediate I that

releases the sulfur as a leaving group to give thiol II, followed by S-oxidation to the isolated

disulfide product 6. The reaction is most likely driven by disulfide formation that effectively

removes the intermediate thiol from the mixture of equilibrating intermediates, as shown in

Scheme 2, making the functionality unavailable to return to the 2-aminobenzothiazole via

nucleophilic attack by the thiol on the imidazolium group. As expected, the

trifluoromethoxy substituent of 5 does not affect the reaction, as the des-trifluoromethoxy

compound 7 converted to 8 in the same way (Table 1). When sarcosine and primary amino

acid conjugates of riluzole 9, 11 and 13 were exposed to these same conditions only trace

amounts of rearrangement products 10, 12 and 14 were detected by LC/MS, although the

starting material in each case was completely consumed after 72 hr. The product derived

from the riluzole amide of 4-aminopiperidine-4-carboxylic acid, compound 15, formed 16 in

high yield (75%). This is most likely due to the steric effects of the α,α-disubstitution

pattern of the α-amino amide promoting intramolecular reaction via the Thorpe-Ingold

effect.7 Morpholinyl amide 17 gave rearranged disulfide 18 in modest yield (14%), and the

ring expanded proline derivative 19 provided disulfide product 20 also in modest isolated

yield (35%).

This type of rearrangement was unexpected due to the thiazole ring converting under mild

conditions to a nonaromatic substance. However, the recent description of a similar

rearrangement involving 2-thiosemicarbazide benzothiazoles is quite similar, showing that

suitably-disposed nucleophiles that can form a 6-membered ring spirocycle onto the 2-

carbon of benzothiazole will react followed by sulfur leaving, and formation of the

corresponding symmetrical disulfide.5 In the case described in this report, the presence of N-

acyl substitution causes the thiazole carbon to be more electrophilic and the amide provides

an sp2 planar steric constraint helping the nucleophilic amine attack in an intramolecular

manner. The substitution pattern of the α-amino acid is important since amides 5, 7 and 15
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worked best while many standard primary α-amino acid and sarcosine amides (viz. 9, 11
and 13) produce the rearranged disulfide products transiently, precluding their isolation.

In summary, we have described a rearrangement of α-amino acid amide derivatives of 2-

aminobenzothiazoles that leads to imidazolium substituted phenyl disulfides. The reaction

works well with cyclic amino acids and poorly with standard primary amino acid and

sarcosine derivatives. The rearrangement should be noted by researchers seeking to prepare

amides of 2-aminobenzothiazoles in which there is a nucleophilic atom suitably positioned

for forming a 5-membered ring.
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Scheme 1.
Rearrangement and reaction of a 2-thiosemicarbazide benzothiazole.5
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Scheme 2.
Preparation and peptidase mediated hydrolysis of riluzole-amino acid conjugates.
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Scheme 3.
Intramolecular rearrangement of an α-amino acid 2-aminobenzothiazole derivative.
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