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Photocycloadditions to 2-phenylbenzothiazoles proceed inhighyieldwithcertainalkmes 
to produce 1,5+enzothiazepines. We report herein the first exarqle of an inte.nmlecular 
photoadditiontiabenzothiazole inwhichasevenmnbered heterccyclic system is obtained. 
The cycloaddition reactions are both regiospecific md stereospecific. 

As an extension of our interest in photocycloadditions of mndensedhetezoaranatic 

systems containing one heteroatan [benzo(b)thicpheue, beuzo(b)furan, indole]la-e and two 
2a,b 

hetxxoatcms, benzisothiazole , wehave spentmnsiderableeffort investigatingthephoto- 

chenistry of derivatives of benzothiazole. The ratimale had it that [2+21n photocycl* 

addition of an alkyne to a benzothiazole - follcwed by therm1 ring opening - would provide 

direct one-step entry into 1,5+enzothiazepines. 

As we have previously indicated2a~b pimtocycloaddition of benzisothiazoles (1) 

toalkynes, such asdimethylacetylenedicaxboxylate, ortwoalkeues such as ethylvinyl 

ether results in the formation of the photoproducts (II), (III) and (IV). we suggest these 

products derive fromtrapping the intemediatebiradicalobtained afterhcmolytic cleavage 

of thebenzisothiazole sulfur-nitrogenbond.3 
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As an example reaction, ethyl vinyl ether and 3-phenylbenzisothiazole (Ib) pmduced the sub- 

stituted 2,3-dihydro-1,4+enzothiazepine (IV) - apotentiallyphanraaolqicallyactive 

SyStem. 

We anticipatea that bsnzothiazole (V) and its derivatives might undergo [2+2] photo- 

cycloadditonatthecarbon-nitrogendoublebond, 
4 

providingthepotentialbenzothiazepine 

SyStan. It is also so that this cycloadduct is a penicillin precursor. Contrary to our 

eqqctaticq unsubstitutedbenzothiazolewasphotostableinthepresenceofalkenes (2) as 

were saneother simplebenzothiazoles tested. Instead of undergoing cycloaddition, most 

bmzothiazoles simply fluoresced. 

Irradiationof 2-phenylbenzothiazole (VI) under the sameoonditims,gavecyclic 

adducts and produced derivatives of 2,3-dihydro-1,5+enzothiazepine (VIII) (3), the product 

structures being suggested by spectroscopic and chemical evidence. 
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This is the first known example of an intenmlecular photoaddition to a benzothiazole in 

which either a [2+2]a cycloadduct, or a seven mmbered heterocyclic system, derives and 

the reaction proceeds both regioselectively and stereos~ifically. We suggest 2-arylben- 

zothiazoles are photochsmica-lly reactive because they are analogous - spectroscopically - 

to Schiff bases ax-d take advantage of the extended conjugation the aryl grcup provides.5 

In a particular example, irradiation, through Pyrex, of 2-phenylknzothiazole (VI)6 

in ethyl vinyl ether (5-10q2M) (VII a) purged with nitrogen using a high pressure mercury 

arc for 45 hours gave,after evaporation of the ethyl vinyl ether and chrmtographic sepaxa- 

tion on silica gel one product, 3-ethoxy-4-phenyl-2,3-dihydm-l,5+enzothiazepine (VIII a) - 

in 75% yield as a yellow oil. Spectroscopicdata supports theproIxeed structure. 

Thus,themss speck-m showed a molecular ion of 283 (1:l adduct) and a base peak with 

m/e 211 (M+-72, i.e. M+ - CH2=CH-OC2H5). In theNMR spectnm the 3 hydmgens on C-2 

and C-3 appeared as a typical ABX system 6 4.43 (X,dd), 6 3.9 and 3.61 (A and B, 2dd) with 

JAX=6, J,=lO and Jm=11.5 Hz.~ Chemical evidence for the 1,5-benzothiazepine structure 

was obtained by acid hydrolysis of the product (VIII a), which hydrolysed at the roan 



teinprature* giving a-ethoxy-~-(2-amkphenyMcapti)-propi~ (IX) [IR: 3440 and 

3340 cm-1 @H2), 1690 m-l (C = 0);' NMR: 67.91-6.57 (m,9kI), 4.60 @d&I, J= 5 and 

8 HZ), 4.44 (broad s,Pp), 3.66 - 2.84 (m, 4H) and 1.20 (t,3H, J = 7Hz)l. 

(VIII a) (IX) 

Afterrecondensation 
10 

of (-IX) in\meMl with a catalytic amount of acetic acid the 

cyclizedproduct (VIII a) was reobtained, unequivocally proving that the ccmpour@ (VIII a) 

hasthestructureascribed. 

The stereospecificity of the cycloaddition reaction with 2-~lbensothiazole was 

shown by the reactions with cis-butene (VI&) and=-butene (VII c). In both - 
cases onlyonephokqx-cduct (VIII b) and (VIII c) was obGLned. The reactionwithc&- 

butenewasmuch faster. Thus, degassed solution (~x~O-~M) of 2-phenylbensothiazole (VI) 

in cis-butene (VII b) in a sealed Pyrex tube irradiated with a Hg high pressure lamp for - 
120 hrs. produced 57% of the product (VIII b). Under the same conditions the reactionwith 

trans-butene produced only 10% of the prcduct (VIII c). The cis-iscamr of 2,3-dimathyl - 
substituted 2,3 dihydro-4-phenyl-1,5+enzothiazepine (VIII c) iscmrarized to trans-iscsrar 

upon standing foronemonthatrocmteqerature. Acidic hydrolysis of either (VIII b) or 

(VIII c) prcduces cr,B-din~thyl-b-(2-amincphenylnercapto)-propiophenone (X) [IR:3480 and 
-1 

3370 cm (NH2),' 1690 cm-' (C = 0) 1. 
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Recondensation, (X) inthepresenceofacetic acidinmathanol, prcducedthe theraody- 

namically srxe stable trans-isomar (VIII c). lheNMRspectzumofthisprcductshc~~two 

separated multiplets (double guartets with J 

the hydrogens on C-2 and. C-3 respectively. 
12v=c 

= 10.5 Hz'l) at 6 3.80 and 2.70 assigned to 

E'rcm spin deaoupling it was obvious that the 

doublet at 6 1.40 belonged to the methyl group which is coupled with the hydrogen at 6 3.80 

and the doublet at 6 1.04 to the hydrogen at 6 2.70. 

Themechanismof these reactions is notyetccmpletely investigated. It might be 
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possible that sulfur-carbon cleavage in the excited state of 2-phenylbmzothiazole 

produces an intermediate (either a diradical or a zwitterion) the latter being txapped 

by unsaturated conpcmds. Mom experiments are in progress to elucidate the specific 

pathways of these interesting novel,_ synthetically useful new photocycloaddition 

reactions. 
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