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Abstract: Benzothiazolylchloromethyllithium le and benzothiazolyldichlorométhyllithium Te, casily available by
lithiation of 1b and 1d (or 1) respectively, undergo a different type of sclf-condensation feaction giving 5 and 7a
respectively. The possibility that 1¢ and 1e bthave as halocarbenoids is discussed.

‘We have recently reported that benzothiazolylchloromethyllithium Ie, promptly available by lithiation
of chloromethylbenzothiazoile 1b, reacts with carbonyl compounds to furnish benzothiazolyl substituted
oxiranes.! In view of the possible synthetic exploitation of o-haloorganolithiumis of the kind of le, we
decided -to study in more details the lithiation reaction of 1b as well that of dichloro- and trichloro-

benzothiazole 1d and 1f. ‘
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1a: R=0OH; R'=R"=H 1b: R=Cl; R'=R"= H 1c: R=Cl; R'=Li; R"=H
1d: R=H; R'=R"=Cl le: R=Li; R'=R"=Cl] 1f: R=R'=R"=Cl
1g: R=R'=Cl; R"=CCI2BT 1h: R=Li; R'=Cl; R"=Bu" 1li: R=R'=Bu"; R"=H
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5 7a: R = Cl; 7b: R = Bu»

When 1b2 was submitted to lithiation with lithium diisopropylamide at -78°C and the resulting dark
brown solution of 1c allowed to warm to room temperature, a solid yellow product formed in high yield.
The IHNMR spectrum of such a compound showed a singlet (8= 3.90 , 2H), eight aromatic protons and
a singlet (8= 12.4, 1H) which exchanged with D,O. Moreover, 13CNMR showed sexteen different
carbons. These data, combined with elemental analysis and MS data3 were consistent with structure §, as
unequivocally confirmed by the X-Ray analysis (Fig. 1). A likely explanation for the formation of § is
illustrated in Scheme 1. The a-chloromethyilithium 1¢ would add to the C-N double bond of 1b giving
the thiazole-thiazoline intermediate 2, which is stabilized by the intramolecular chelation of lithium. Such
an addition is worth noting considering that thiazoles and benzoderivatives are rather reluctant to undergo
nucleophilic addition to the C-N double bond. A preliminary activation of the aza group of the thiazole
system via alkylation or acylation, that makes the 2-carbon more electrophilic, is usually required.
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Scheme 1
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Only very strong nucleophiles such as carbanions add to the C-N double bond of unactivated thiazoles.?
Strong clectron-withdrawing substituents in the benzene ring also render the C-2 position sufficiently
electrophilic to undergo nucleophilic addition.S The thiazolinc system of intermediate 2 would then undergo
ring enlargment via an anchimerically assisted nucleophilic substitution of chlorine to give, through the
intermediate 3, compound 4 that equilibrates to 8, which is favored by the intramolecular hydrogen bond
as confirmed by the strong deshielding of the H-N proton in the 1HNMR.

The conversion 1b to § is a new example of unactivated thiazole-thiazine ring expansion. Indeed,
examples of thiazole-thiazine ring expansion, a synthetically useful reaction,b are known, but in all of the
reported cases, however, the reaction takes place only if a preliminary activation of the thiazole system by
quaternization of the aza group is effected.?-10

Differently from 1b, lithiation of dichloromethylbenzothiazole 1d!! with LDA at -78°C and warming
to RT, gave dichlorodibenzothiazolylethene 7a (60% yield). As shown in Scheme 2, the formation of
compound 7a might be envisaged as the result of a sort of "dimerisation" reaction between two moles of
1e ( one acting as a nucleophile and one as a carbenoidl2 ) to give 6, which undergoes elimination to
produce 7a. The formation of 7a might also involve the intermediacy of carbene 8, which would form
from le. Nucleophilic attack of 1e to 8 would give 6.
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Support to this hypothesis comes from the fact that lithiation of trichloromethylbenzothiazole 11! with n-
BuLi leads to the formation of 7a too (25% yield).13 This is likely the result of a dimerisation reaction
between le, derived from 1f by chlorine-lithium exchange, and carbene 8, which might originate from
the same le by elimination of LiCl. The homocoupling reaction between 1e and 1f would have given the
tetrachloroethane 1g, which, howevér, was not observed.
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Moreover, the addition of an excess of n-BuLi (4 equiv.) to 1f gave dibutyldibenzothiazolylethene
7b.13.14 A possible explanation for its formation is provided in Scheme 4. According to this scheme,
carbene 8, generated from le by LiCl elimination, reacts with n-Buli to give 1h; LiCl elimination would
give carbene 9. Its reaction with 1h, followed by climination, would furnish 7b. In a different experiment,
in which 1f was added to n-BuLi, the GC-MS inspection of the reaction mixture indicated the formation of
nonylbenzothiazole 12, which is likely the result of the reaction of 9 with n-BuLi.15 Attempts to trap
carbenes 8 and 9 with alkenes, however, failed.16
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In conclusion, in the present communication we have shown that benzethiazolyl-
chloromethyllithiums such as Ic¢ and 1e behave as a-halocarbenoids showing nucleophilic as well as
electrophilic properties. They represent a new kind of heterosubstituted a-haloorganolithiums, which
appear to be useful for the functionalisation of the benzothiazole system in the side chain. Moreover, we
report here a new example of thiazole-thiazine ring expansion, which does not require the aza-activation.
The determining step of the whole process of ring enlargement might be the formation of the intermediate
2, which is stabilized by the intramolecular chelation. The reaction seems to be sensitive to steric hindrance
as it occurs with 1¢ but not with le.
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