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Synthesis of Bisbeneothiazoles' 

CEIARASJIT RAT A N D  .JOHN B. RRAlTS\Y 4HTH 

A mimher of new bislmzothisaoles h:we h e n  synthesizrrl 1:y t h P  polyphosphoric acid-cat,ttlyxcd intermolecular con- 
den.oatjon of dibasic srkls with o-3niinothjoI)lieriol. Uisl~enzothi~tzole, l)ie(P-henz~~thiazol~l)alkRnefi rontaining lip to ten 
Inpthylene groups, 1,2-his( 2-l~enzotli iazol~l)Pth~Ieiie,  and l,'l-bia(2-l~ellzothi;l?;ol?ll)-l,~-cth~n~~diol have been synthesized i l l  

!,ieItis of 5649% of the  theory. 1 ,'L-Bis( ' l -henzoth iazol3 l )hen~~e  and l,$-his( 2-henaot,hiiizol.l) benmie  \wrc sjmthesized 
Fiinilarly in  85 ant1 4(ic& ;\-iclds, respectively. P,B'-His( 2-benzothin~olyl)ciiethyl s ~ l f i d ~ .  atid 1 ,?,:3-trishenzothiazol!rlprcp,zne 
~ ~ ~ R '  also prep:tred readily i i i  polyphosphoric acid mediruii i n  quantitative vields. PosPihlc reaction mecahanisms for the  
polyphoqhoric ncid catalyzed ittermoleculnr condensation of dibavic acids arid o-aminothiophenol are nlso suggestpd. 

In recent years the use of polyphosphoric acid, as 
an effective agent in intermoleclllar condensations, 
has h!en extensively dwnonstrated. Hein, Alheim, 
and laearit,t2 extended its application to the Phillips 
benzimidazole synthesis3 and to Pimilar reactions 
leading to benzoxmoles aiid benzot hia:~oles. Shriner 
and L'pson4 modified I'liillips' method by using a 
loiiger reflux time in tho synthesis of bisbenzimid- 
azoles. Later Warig aiid JOUIW~ synthrsized bis- 
benzimidazoles by polyphosphoric: acid cat'alyzcd 
condenmtion. Thcv showed flirther that the poly- 
phosphoric acid mc,thod was fairly general and su('- 
cessfully c*atalyzed the preparation of some benzi- 
midazoles which could not be prepart.d by conuen- 
tional mrthocl';. 

A review of tho literature indicated that Hof- 
mann6 p l t p u e d  hisbenxothiazole by the react'ion of 
2-aminothiophmol and cyanogen in an alcoholic 
medium in IS?; vield.' Mills8 in 1922 prepared his- 
(2-benxothir m1yl)methanc hy heating o-amino- 
thiopheiiol :ind malonic ester i i i  :t carboii dioxide 
atmospherc. for four hours. 1 ,2-Bis(2-bcnzot8hia- 
xolyl) et,hane was first prcpnrcd hp Hofmaring by 
heating o-aminothiophenol with swcinimide and 

cr aiid Mort:'" prcbpured it) hy the oxida- 
tion of ht~izothiszolylpro~~iothioaiiilidc ivith nlka- 
Iiite potawium fcri,icy:tnide. The preseiit study \vas 
itndertaken to in\-estigate if polyphosphoric acid 
\ \ odd  be 1iseFu1 i i i  the synthcsis of these and re- 
lated compounds. 

( 1  ) I'rwwtcd :it Tlio Twelfth Anniinl Kansas Citv 
Chemistry Confrrt,nc-r,, sponsored 1)y thr Kansas Citv 
Section of .4m(.ricari Chrmical Society, on Kovrmbrr 18, 
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(?) 11. ll-. FIciir, R. J. Allit,ini, and J. J. Lravitt.  J .  i i r r z .  
( ' h e m .  SOC.. 79, 427 (1957) .  
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(5) 1,. L. l\'ang and h l .  11. Joulee, J .  Arn. Cheni. SOC., 
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( 8 )  W. H. RIills, J .  Chena. S O C . .  121, 462 (1922). 
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Ris(2-benxothiasolyI)alkanes were prepared by 
the polyphosphoric acid catalyzed condensation of 
dicarboxylic acids with n-aminothiophenol. As the 
length of t,he alkylene chain between the two brnzo- 
thiazole nuclei was inrrcased, the reaction took 
place under mi1dt.r conditions and, i n  some cascs, 
the yields of the compounds also inc~easetl. In thc 
literature, a reaction temperature of %No, and a re- 
action t,ime of four hours is reported for similar 
condensations.? Ho\\--cwr, in the present study, 
high yields of the product were obtained by cbarry- 
ing out the reaction for two hours or lrss a t  125- 
150". 

The synthesis of 1,2-bis(2-benzothiazolyl)ethyl- 
ene and 1,2-bis(2-benzothia.zolyl)-l,2-ethancdiol re- 
quired milder condit,ions. The condensation of 
maleic acid with o-aminothiophenol took place 
readily in polyphosphoric acid mcdium :it 12.5" in 
one hour to give 1,3-his(2-bcnzothiazolyl)eth~le~e 
in 88% yield. 1,2-Bis(2-benzothiszolyl)-l,2-ethane- 
diol mas obtained in 82% yield by heating tartaric 
acid and o-aminothiophenol a t  loo0, for less than 
half an hour, whercas prolonged heating a t  higher 
temperatures gave an ~uikno\vn product which was 
insoluble in alcohol arid did not melt below 300". 

l h e  condensation reactioii involving aromatic di- 
carboxylic acids required higher tcmpcmtures 
(150-175') and a longer react1011 period (three 
hours). 1,2 - Bis(2 - benzothiazoly1)benzene was 
readily formed in S5y0 yield, but 1,4-bis(2-benzo- 
thiazoly1)benzene was obtained in  a yicld of O I I I ? ~  
4601,. It was found preferable from the standpoint 
of yield, t,o use phthalic anhydride instcad of 
phthalic acid for the preparat,ion of I ,2-bis(2- 
iiclizothiazolyl) benzene. 

In the synthesis of these compounds, dirarboxylic. 
ac.ids wm-e condensed with o-aniinothiophenol : 
however, it  IWP found that i f  the acids Tvcr(1 w- 
placed by esters, nitriles or airhydridr~s, t h v  pols- 
phosphoric acid st,ill catalyzed tht. wnctioii. 1 ,?- 
Ris(2-benzothiazol~I)ettiar~e \\ax ohtailled i i i  im- 
proved yields when succinic, acid wa:: rcpl;ic*cd t i  \. 
wccinonitrile or succinic aihydride. I Iofn ia i~n~ rc- 
ported that condensation of o-arninothiophei~ol \\.it11 
succinic anhydride or niccinic acid ester did not 
take place. 
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