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1 s- Tautomerism of some bis(2-benzothiazoly1)methanes has been s tud ied by H 

nuclear magnetic resonance, u l t r a v i o l e t ,  and i n f r a r e d  spectroscopies using C-methyl 

and N-methyl de r i va t i ves  as model compounds o f  the  "CH" and "NH" f i xed forms. X-Ray 

d i f f r a c t i o n  ana lys is  of compound 5 shows t h a t  i t  corresponds t o  the  Z-sE isomer 5.  
The presence of two 2-benzothiazolyl groups i s  necessary f o r  the "NH" tautomer t o  

be stable.  

The tautomerism of heteroaromatic compounds has been so thoroughly studied t h a t  few problems remain 

1 unexplored. One of them i s  the tautomerism of bis(heteroaryl)methanes, where on ly  the  case of 

b i s -py r i dy l ,  -qu ino ly l ,  and -benzoquinolylmethanes has received considerable a t t en t i on ,  bu t  more 
2 

than twenty years ago. We wish t o  repo r t  our r e s u l t s  on the r e l a t e d  b is (2-benzoth iazo l~)methanes,  

a system of Considerable i n t e r e s t  both for  i t s  complexing a b i l i t i e s  and f o r  the  der ived C~an ine  

dyes. Two tautomeric forms: CH (A) and NH (b) can be proposed f o r  monosubstituted de r i va t i ves  i n  

the methane carbon atom of bis(2-benzothiazalyl)methanes, which can be considered as heterocyc l ic  

analogues of 8-diketones. The tautomeric equ i l i b r i um i n  these ser ies  was f i r s t  s tud ied for  the 

most simple der iva t ives :  bis(2-benzothiazoly1)methane and l,l-bis(2-benz0thiazolyllethane.~ We 

study here a r y l -  and heteroarylbis(2-benzothiara1yl)methanes 1-4 (Figure 1). As i t  occurred wi th  

the unsubst i tu ted and C-methyl subst i tu ted bis(2-benzothiazolyl)methanes, the  superimposit ion of 

CHINH tautomerism and a i r -ox ida t i on  t o  ~ a r b i n o l s , ~  precludes the usual treatment of tautomeric 

e q u i l i b r i a .  Compounds 5 ( type a st ruc ture ,  w i t h  Ar= Ph and R= CH3), 6 ( type b st ruc ture ,  w i t h  



Ar= Ph and R= CH3). and I have a l so  been inc luded as reference models 

F i gu re  1 

It must be remarked t h a t  the  NH (b) forms can g i ve  place t o  th ree  d i f f e r e n t  isomers: E-SE,* 2-52, 

3 and Z-sE ( o r  E-s2) (F igure  2, R= H). Other s t r uc tu res  which could be poss i b l e  f o r  t h e  more 

compl icated case o f  compounds 3 and 4, have no t  been depicted.  

F igure  2 

The o l d  nomenclature s -c is /s - t rans  ( s i n g l e  c i s / s i n g l e  t r ans )  f o r  desc r i b i ng  s i n g l e  bonds w i t h  

double bond character  has been rep laced by t h e  l e s s  ambiguous s i n g l e  E i s i n g l e  Z (sEisZ) no ta t i on .  5 

- 166 - 
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1 The s t r u c t u r a l  ana lys is  has been undertaken by H nnir, ir, and uv spectroscopies and X-ray 

d i f f r a c t i o n  ana lys is  o f  compound 5. 

X-Ray study o f  compound 6. - 

Figure 3 shows a  view of molecule and the numbering for  the  c rys ta l lograph ic  study. Bond lengths, 

and valence and t o r s i o n  angles can be found i n  Table 1 

Figure 3.- A view o f  molecule 5 w i t h  atomic numbering. 

The molecular r i ngs  are planar (mean to rs ion  angles of the  f i v e  r i ngs  A, B, C, 0, and E are:  

2.7(8), 1.5(6), 2.6(6), 3.0(7), and 2.7(8)" r espec t i ve l y )  and the two benzothiazoly l  groups are 
3 

approximately i n  a  plane ( the  dihedral  angle between them i s  2 .2(1) " ) .  S i m i l a r l y  t o  t h e  resu l t s  

found fo r  the  s impler analogue 8, t h i s  s t ruc tu re  corresponds t o  a  Z-sE o r  k2 isomer. The mean 

t o r s i o n  angle about the C10-C21 bond i s  113.5(6)". Since there  are not s i g n i f i c a t i v e  differences 

between compounds 6 and 8, i t  must be concluded t h a t  the  C-phenyl subst i tuent  exerts no influence 

on the conjugat ion o f  the  bis(2-benzothiaroly1)methane system 

Figure 4 



Table  1. Bond l e n g t h s  ( A ) ,  bond a n g l e s  ( " ) ,  and some t o r s i o n  a n g l e s  ( " )  of compound 5. 

Bond l e n g t h s  (:) 

51 - C9 1.151(6) 
C2 - C10 1.354(7) 
N3 - C20 1.456(6) 
C4 - C9 1.38201 
C6 - C7 1.358(9) 
C8 - C9 1.404(6) 
C ~ O  - c21 i.rasis) 
Sll - C19 1.727(5) 
N13 - C14 1.433(8) 
C14 - C19 1.392(7) 
C16 - C17 1.339(5) 
C18 - C19 1.402(6) 
C21 - C26 1.423(9) 
C23 - C24 1.427(7) 
C25 - C26 1.389iBl 

Bond a n g l e s  (")  

Some t o r s i o n  a n g l e s  ( " )  
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'H Nuclear magnetic resonance. 

1 I n  s p i t e  of the  great complexity, even a t  300 MHz, o f  the  H nmr spectra of the compounds studied, 

the  connec t i v i t i es  between protons and prec ise  chemical s h i f t s  and coupl ing constants have been 

establ ished by the combined use of bidimensional techniques and theo re t i ca l  ana lys is  o f  t h e  spectra. 

The main problem was t o  d i s t i ngu i sh  between H4 and H7 benzothiazole protons.,The two assignment 

3  c r i t e r i a  fol lowed i n  our previous work a re  a l so  v a l i d  here (SH4 >6H7 i n  CDC13 so lu t i ons  and 

6H7 >AH4 i n  DMSO-d6 so lu t ions ,  and J45, Jb7).  

The chemical s h i f t s  and coupl ing constant values i n  CDC13 and DMSO-d6 are i n  Tables 2 and 3. We 

w i l l  f i r s t  analyse the f i xed a and b forms of model compounds 5 and 5. 

Compound 5 exh ib i t ed  the expected ABCD system which was in terpre ted fo l l ow ing  t h e  c r i t e r i a  

mentioned above. Compound 6 showed two ABCD systems. The chemical s h i f t s  o f  the system formed by 

H4'-H7' protons ( spec ia l l y  the H4 ' )  appeared a t  h igher f i e l d  than those o f  the  ABCD system formed 

by the H4-H7 protons. The f i r s t  mentioned system was assigned t o  the benzothiazol ine r ing .  

The CH forms of compounds 1-4 were charac ter ized by the CH chemical s h i f t  a t  S = 6.3-6.6 ppm i n  

CDC13 and 6.7-7.1 ppm i n  DMSO-d6, wh i le  the  NH tautomers gave broad s igna ls  ( s p e c i a l l y  i n  DMSO-d6), 

and higher chemical s h i f t s  fo r  H4-H7 protons. Auto t rop ic  pro to t ropy i n te rconve r t s  isomers $ 

(Z-sE) and & (E-sZ) (3 : &) and both isomers g i ve  an averaged ABCD system fo r  the benzothiazole 

protons. Since kl isomers a l so  g ive  an averaged ABCD system, and the s igna l  corresponding t o  the 

NH resonance was not observed i n  most cases, t h i s  method i s  no t  su i t ab le  f o r  a  general a t t r i b u t i o n  

t o  d i f f e ren t  b isomers. 

4  
Although the rap id  ox idat ion  of the NH forms made impossible t o  determine any p rec i se  tautomeric 

constant, the  changes observed i n  the  r e l a t i v e  populat ions of NH/CH forms i n  CDC13 and DMSO-d6 

were as fo l lows.  The spectrum of a  f resh ly  prepared C0Cl3 so lu t i on  of 1, i n  which the NH tautoner 

was the predominant form, changed t o  a  mix ture  o f  tautomers w i t h  r e l a t i v e  populat ions NHICH: 

34%/66% a f t e r  about ten  minutes, and 23%/77% a f t e r  a  week, wh i le  a  f resh ly  prepared DMSO-d6 

s o l u t i o n  showed a  r e l a t i v e  populat ion NH/CH of 47%/53%%. The d i f f e r e n t  populat ions observed i n  both 

3 .  . 
solvents are i n  accordance w i t h  the r e s u l t s  discussed i n  our previous study, i n d i c a t i n g  t h a t  the 

greater  p o l a r i t y  of the  DMSO-d6 would s t a b i l i z e  the CH forms. 

The spectrum of compound 2 i n  CDC13 s o l u t i o n  corresponds t o  the NH tautomer, and the on ly  observed 
4  

change w i t h  t ime was i t s  ox idat ion  t o  the  corresponding carb ino l .  The spectrum i n  DMSO-d6 so lu t ion  

was no t  very good due t o  the  low s o l u b i l i t y  of 2 i n  t h i s  solvent, and on ly  the CH tautomeric form 

could be detected, showing again the i n f l uence  o f  the  solvent p o l a r i t y  i n  t h e  tautomeric equ i -  

l i b r i um.  



Tab le  2.- 'H Nmr da ta  i n  CDC13 and OMSO-d6 o f  t h e  CH forms of compounds 1-5 and 1 (300 MHz) 

" 6 (ppm): H12, 7.609; H13, 7.726; H14, 7.275; H15, 8.703. b6 (ppm): H12, 7.764; 

H13, 7.908; H14, 7.430; H15, 8.671. J12,13, 7.70; J12,14. 1.15; J12,15, 0.80; 

d J13,14, 7.58; J13,15. 1.76; J14,15. 4.94 Hz. J12,13. 7.67; J12,14. 1.03; 

J12,15, 0.75: J13,14. 7.34; J13,15. 1.81; J14,15, 4.90 Hz. 
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Table 3.- Nmr data i n  CDC13 and DMSO-d6 o f  t h e  NH forms of compounds 1-4 and 6 (300 MHz) 

6 oom 

J45 8.10 8.11 8.10 8.22 8.16 8.04 

'46 1.15 1.13 1.13 1.10 1.64 1.15 

J47 0.65 0.64 0.52 0.67 0.65 0.70 

'56 7.34 7.32 7.32 7.12 7.25 7.25 

%7 1.21 1.18 1.17 1.39 1.45 1.30 

'67 7.86 7.88 7.87 7.90 7.90 7.95 

J4'5' 8.20 8.16 8.42 

'4'6' 1.03 1.64 1.26 

J4'7' 0.67 0.60 0.70 

'5'6' 7.14 7.24 7.65 

J5'7' 1.05 1.42 1.33 

J6'7' 8.00 7.87 7.76 

J 4 ' ~ ~ 3  0.3 b 

%road s i g n a l s ,  o n l y  approximate values. b ~ o t  observable 



The CDC13 s o l u t i o n  of compound 2 revealed a  tautomeric m i x tu re  r a t i o  NH/CH o f  56%/44%, w h i l e  the  

DMSO-d6 s o l u t i o n  showed t h e  NH forms t o  be predominant (NHICH: 61%139%). The existence i n  t h i s  

compound o f  the  p y r i d i n e  group, t h a t  must g i ve  place t o  new NH tautomeric forms, in t roduces  a  new 

s t r u c t u r a l  f ac to r  which can no t  be e a s i l y  i n t e r p r e t e d .  

We have obtained t h ree  s o l i d  samples f o r  compound 4 w i t h  d i f f e r e n t  spectroscopic p rope r t i es .  One 

o f  them corresponded, i n  CDC13 so lu t i on ,  t o  the  CH tautomer e x c l u s i v e l y  (%I. The CDC13 s o l u t i o n  

of o t he r  sample, greenish-yel low i n  co lour ,  showed two ABCD systems i n  2 : l  r a t i o  together w i t h  a  

very low f i e l d  s i gna l  a t  15.7 ppm. These data a re  i n  agreement w i t h  the  isomer (F igure  5). 

Figure 5 

The two benzothiazole r i n g s  which are bonded through the  in t ramolecu la r  NH...N bond would g i ve  

place t o  an averaged ABCD system, wh i l e  the  nonbonded benzoth iazo le  r i n g  would g i ve  a  d i f f e r e n t  

ABCD system. The chemical s h i f t  of  the  NH s i gna l  (which was n o t  v i s i b l e  i n  the  previous NH forms 

s tud ied)  i s  i n  accordance w i t h  those descr ibed f o r  SOH and SNH values o f  o t he r  i n t r amo lecu la r  

6 
bonded d icarbony l  compounds and bis(2-pyr idy1)methane de r i va t i ves .?  The DMSO-d6 spectrum of t h i s  

tautomer showed very  broad s i gna l s  p rec lud ing  a  p rec i se  de termina t ion  o f  the  spec t ra l  parameters. 

The t h i r d  s o l i d  sample i s  an approximate 1:l m i x tu re  o f  CH and NH tautomers. The presence o f  a  

s i ng l e  ABCD system found f o r  the  NH tautomer, i nd i ca ted  a  symmetrical s t r uc tu re  assigned t o  

4b : 9, i n  which t h e  t h i r d  benzothiazole group i s  a l s o  imp l ied .  -2 

F i n a l l y ,  the  spec t ra  o f  compound 1 i n  CDC13 and DMSO-d6 so lu t ions ,  corresponded t o  t h e  CH tautomer 

exc l us i ve l y  and showed no change w i t h  t ime. 

I n f r a red  study.  

Table 4 shows the c h a r a c t e r i s t i c  ir bands of compounds 1-I i n c l u d i n g  some Raman data.  The i r  

spectra of compounds 5 and i n  the  s o l i d  s t a t e  showed the  t h ree  c h a r a c t e r i s t i c  benzothiazole 

3  
bands and no s i g n i f i c a t i v e  changes took p lace  i n  CDC13 so lu t i on .  The same pa t t e rn  was observed 

i n  t h e  Raman spec t ra  i n  the  s o l i d  s t a te .  On t h e  cont ra ry ,  the  ir spectra o f  compound 6 i n  t h e  
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s o l i d  and i n  CDC13 so lu t i on  were character ized by a very strong band a t  g. 1530 cm-l, assigned 

t o  coupled v ib ra t i ons  i n  the  planar N=C-C=C system, and a weak band a t  s. 1580 cm-I assigned to  

the benzothiazole I band. The t h i r d  expected weak benzothiazole band a t  s. 1555 cm-I appeared 

overlapped by the  f i r s t  mentioned strong band. The above data are i n  accordance t o  those previously 

found fo r  the CH and NH models respect ive ly .  
3 

The i r  data o f  compound 1 i n  the  s o l i d  s ta te  pointed out t o  an NH form (b) showing the strong 

1 absorpt ion band assigned t o  the  N-C-C-C system a t  1560 cm- . The absorpt ion pat tern  was a lso  

s i m i l a r  t o  t ha t  found f o r  the NH forms s tud ied b e f o ~ e . ~  The benzothiazole I band appeared i n  t h i s  

compound a t  1595 cm-I and, as i t  could be e ~ p e c t e d , ~  both bands were weak i n  the Raman spectrum o f  

the so l i d .  I n  CDC13 so lu t ion ,  the i n t e n s i t y  o f  the band a t  1565 cm-I (N-C-C-C system) decreased 

1 wi th  t ime. The presence o f  the  CH form (detected by H nmr), cou ld  not be e a s i l y  d is t ingu ished 

from the ox idat ion  product, evidenced by the appearance of a broad absorpt ion a t  about 3420 cm- 1 

a t t r i b u t e d  t o  WOH s t re tch ing.  I n  DMSO-d6, the  change t o  the  CH form (andfor t o  the carb ino l  1 took 

place quicker than i n  chloroform so lu t ion .  It must be remarked t h a t  the v NH band of the NH 

tautomer could no t  be detected e i t h e r  i n  the s o l i d  nor i n  CHC13 so lu t i on .  However, i n  d i l u t e  CC14 

so lu t i on  a broad weak absorpt ion centered a t  about 3050 cm-I cou ld  be observed, t h i s  absorption 

being a t t r i b u t e d  t o  the presence of an in t ramolecu lar ly  bonded NH...N group b 1 ) .  

The i r  spectrum of compound 2 i n  the  s o l i d  s ta te  was s i m i l a r  t o  t h a t  of compound 1 showing the 

cha rac te r i s t i c  N=C-C-C absorpt ion a t  1555 cm-I (very strong).  The a s m e t r i c  s t re t ch ing  mode o f  

the NO2 group appeared i n  t h i s  compound a t  1512 cm-l. The same features were observed i n  a freshly 

prepared chloroform so lu t i on .  As i n  compound 1, the i n t e n s i t y  of the band a t  1555 cm-I decreased 

w i t h  t ime. Although the spectrum i n  CC14 has not been recorded due t o  s o l u b i l i t y  problems, we 

assume for t h i s  compound the bl s t ruc ture .  

The i r  spectrum o f  compound 3 i n  the  s o l i d  s t a t e  was complicated i n  the  1500-1600 cm-I region by 

the presence o f  the  py r i d i ne  bands. As i n  previous cases, the s t rong band a t  1545 cm-I was assigned 

t o  the N=C-C=C coupled mode o f  the NH form. I n  CDC13 and DMSO-d6 so lu t ions ,  t h i s  band appeared 

1 a t  c. 1525 cm- . The s h i f t  towards lower frequencies observed by N-deuterat ion f i n  CDC13) 

confirmed the assignment o f  t h i s  band t o  a complex coupled v i b r a t i o n  o f  the  enamine system of the 

NH forms. The i n t e n s i t y  decreasing o f  t h i s  band compared w i t h  t h a t  found i n  the  spectrum i n  KBr 

was a t t r i b u t e d  t o  an increasing o f  the CH tautomer already present i n  the  s o l i d .  Moreover, the ir 

data showed t h a t  the NH form observed i n  so lu t i on  i s  d i f f e r e n t  from the o r i g i n a l  c r y s t a l l i n e  form. 

I n  CC14, r e s u l t s  were s i m i l a r  t o  those of CDCI3 so lu t i on  al though a greater  propor t ion  of the  NH 

form was observed. The spectrum o f  a very d i l u t e  C C I 4  so lu t i on  showed a broad complex absorption 

between 3400 and 2400 cm-' which was a t t r i b u t e d  t o  the presence of in t ramolecu lar  NHe-N bonding. 

The three s o l i d  samples found f o r  compound 4 gave d i f f e r e n t  i n f r a r e d  spectra (Table 4 ) .  The KBr 



Tab le  4.- I n f r a r e d  and Raman c h a r a c t e r i s t i c  f requencies (cm-') f o r  compounds 1-I 

Benzo th iazo le  bands 

I I 1  111 v (N-H) - - - 
a 1595m b'C 

a 1583w a 

Compound Medium 

I b -1 KBr 

Sol i d  
(Raman) 

COC1 

CC14 

2b -1 KBr 

CHC1 

3 - KBr 

Sol i d  
(Rarnan) 

coc1 

Other  r i n g  bands 

1449s 1433vs 

1450s 1434vs 

Sol i d  a 1585w 1560w 1473s a 1454s 1434vs 
(Rarnan) 

KBr 

CDC13 

CC14 

5a - KBr 

S o l i d  
(Raman) 

CDC13 

6b -2 KBr 

Sol i d  
(Raman) 

CHCI3 

7a - KBr 

S o l i d  
(Rarnan) 

CDC13 

a ~ ~ t  detec ted .  b ~ b r e v i a t i o n s :  s, s t rong ;  m, medium; w, weak; v, very;  sh, shoulder ;  b r ,  broad.  
C ~ o s s i b l e  c o n t r i b u t i o n  of r i n g  v(C=C). d ~ e r y  d i l u t e  s o l u t i o n .  e M i x t u r e  of NH and CH tautomerr  
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spectrum of the greenish-yellow s o l i d  form presented the strong N-C-C=C band c h a r a c t e r i s t i c  of 

the NH forms a t  1518 cm-I and a lso  showed another strong band a t  1473 cm'l which was assigned to  

the benzothiazole 111 band of the t h i r d  r i ng .  I n  t h i s  case, a  broad absorpt ion a t  3200-2400 cm- 1 

was observed which was assigned t o  a  NH s t re t ch ing  v ib ra t i on .  As t h i s  absorpt ion was a lso  observed 

i n  very d i l u t e  CC14 solut ion,  i t  can be deduced the existence of an in t ramolecu lar  NH0..N bond 

(kl isomer). Results i n  CDC13 so lu t i on  were s i m i l a r  and no not iceable changes were observed with 

t ime ( four days). I n  DMSO-d6 so lu t i on  (very low s o l u b i l i t y )  the kl form was a lso  observed. 

1 The spectrum o f  the  sample character ized by H nmr as 5 showed i n  the s o l i d  s t a t e  t h e  th ree 

cha rac te r i s t i c  benzothiazole bands of a  CH form (5). I n  COC13 so lu t ion ,  the  spectrum o f  t h i s  

sample gradua l ly  changed t o  a  NH form d i f f e ren t  from 4bl (see above), as i t  was revealed 

by the appearance o f  the enamine band a t  1555 cm-' and the corresponding disappearance of the  

1 benzothiazole band a t  1503 cm- . This absorpt ion pat tern  was s i m i l a r  t o  t h a t  observed for the  

1 t h i r d  s o l i d  sample, assigned t o  a  CHINH mix ture  by H nmr. It must be remarked t h a t  t h e  spectrum 

of t h i s  NH form i n  the s o l i d  s ta te  showed a  complex broad absorpt ion a t  about 3200-2400 cm-' which 

was a lso  present i n  very d i l u t e  CC14 so lu t ion ,  and i n  t h i s  case may be assigned t o  intramolecular 

NH...S bonding. 

U l t r a v i o l e t  study. 

U l t r a v i o l e t  absorpt ion data of compounds - 1  are summarized i n  Table 5. Methanol was the solvent 

of choice, although chloroform so lu t ions  were used f o r  compounds 2, 3, and $due t o  s o l u b i l i t y  

reasons. Two d i f f e r e n t  absorpt ion pat terns  were observed f o r  model compounds i and 6. Compound 5, 

a f ixed a form, showed absorpt ion maxima corresponding t o  the benzothiazole r i n g s .  Compound 5, a 

f i x e d  b form, showed, together w i t h  the  mentioned benzothiazale absorpt ion bands, a  strong 

absorpt ion band a t  405 nm, according t o  the  extended conjugation, and i n  the  same way as i t  was 

observed fo r  the b forms i n  the s impler de r i va t i ves  prev ious ly  studied. 
3  

Compounds 1-5, except 3, gave colored so lu t ions  w i t h  intense absorpt ion bands a t  the h = 390-430 

nm region, s i m i l a r  t o  those found i n  the NH model compound 5. These so lu t ions  faded w i t h  t ime, 

spec ia l l y  when they were exposed t o  sun l igh t ,  and the f i n a l  co lor less  so lu t i on  showed no abs3rp- 

t i o n  i n  the above mentioned region, g i v i n g  an absorpt ion pat tern  analogous t o  t h e  CH model 

compound 5, w i t h  absorpt ion maxima below 300 nm. This change, which could be a t t r i b u t e d  

exc lus i ve l y  t o  the tautomeric displacement o f  NH t o  CH tautomers, corresponds however, as i t  was 

deduced from d i f f e ren t  experimental data, t o  the ox ida t i on  t o  carb ino l  de r i va t i ves ,  which g ive  

s i m i l a r  uv absorpt ion pat terns  t o  t h a t  expected fo r  the CH forms. 
4  

Compounds I and fi showed t y p i c a l  absorpt ion bands o f  a  CH tautomer. No changes were observed wi th  

t ime fo r  compound I ,  i n  agreement w i t h  the  r e s u l t s  obtained by other techniques, wh i le  the 

chloroform so lu t i on  of 5 showed, a f t e r  24 hours, the absorpt ion bands of NH tautomers a t  400 nm. 



Table 5.- U l t r a v i o l e t  data o f  compounds >L i n  f r esh l y  prepared so l u t i ons .  

.J (nm) 

Compound Solvent  a (109 E 

1 - MeOH 205 268 394 414 435 

(4.74) (4.00) (4.15) (4.65) (4.87) 

3 - MeOH 218 260 400 408 426 
(4.54) (4.22) (4.36) (4.44) (4.16) 

5 - MeOH 203 217 256 283 294 

(4.84) (4.80) (4.36) (3.91) (3.77) 

6 - MeOH 203 223 265 318 405 

(4.64) (4.45) (4.00) (3.70) (4.51) 

7 - MeOH 203 217 255 262 279 
(4.74) (4.61) (4.03) (3.98) (3.48) 

aThe spectra i n  methanol and i n  chloroform were recorded i n  the  ranges of 200-600 nm and 

245-600 nm respec t i ve l y .  

Conclusions. 

A sumnary o f  t h e  c i r cums tan t i a l  evidence concerning t h e  tautomerism o f  compounds 1-4 deduced from 

the d i f f e r e n t  spectroscopic techniques, i s  g iven i n  Table 6. According t o  t h a t ,  most compounds 

have been obtained as s o l i d  NH tautomers. Compound 4 has a l so  been i s o l a t e d  as the  CH tautomer. 

The g rea te r  p o l a r i t y  of  DMSO-d6 compared t o  CDC13 favours the break ing  o f  t h e  NH...N bonds, and 

t h e  r a p i d  t rans format ion  of NH t o  CH tautomers. Regarding the  structure- tautomerism r e l a t i o n s h i p ,  

a11 compounds s tud ied  t h a t  have a t  l e a s t  two benro th iazo le  groups e re  capable of tautomerism. 

I n t r oduc t i on  of  subs t i t uen t s  a t  the  methane carbon atom s t a b i l i z e s  the  NH tautomer which i s  t h e  

form i n  the  s o l i d  s t a t e  a l though, i n  some cases, both tautomers have been i so l a ted .  
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Table 6.- Summary of spectroscopic data o f  compounds 1-4 and 

Sol i d  So lu t i on  a 

i r  i r  uv 'H nmr 

Compound ( K B r )  (CDC17/CClb) (CHC1,IMeOH) (cDc1,) (DMSO-d,) 

a Fresh ly  prepared so l u t i ons .  b ~ h e  presumable presence o f  t h e  a tautomers i s  no t  e a s i l y  evidenced 

s ince  benzoth ia ro le  bands a re  a l so  present  i n  the  NH tautomer. ' ~ o t  reg is te red .  

EXPERIMENTAL 

Crys ta l lograph ic  ana l ys i s  o f  compound 5. 

A c r y s t a l  o f  about 0.1xO.Ix0.3 mm was mounted along the long  a x i s .  The c e l l  dimensions were 

r e f i n e d  from 39 general r e f l e c t i o n s  w i t h  the  Bragg angle O 20" on an Enraf-Nonius CAD 4 
max 

d i f f rac tometer .  Crys ta l  data were: C22H16N2S2, monocl in ic,  PZ1/n; a= 11.805(3), b= 8.896(3), c= 

"3 3 17.454(4) A, % =  100.13(3)", V= 1804.4(9) A , z= 4, Dc= 1.3712 glcm . MoK a ,  A = 0.7107 A, 

( g raph i t e  monochromator), P =  2.896 cm-l, F(000)= 776. 

A t o t a l  of 3916 independent r e f l e c t i o n s  was measured i n  the  range 2 < O <30° of  which 1207 were 

considered as observed w i t h  t h e  c r i t e r i o n  I > 2 a ( i ) .  Two standard r e f l e c t i o n s  were moni tored every 

100 min. No decomposit ion was de tec ted  dur ing  processing; co r rec t i ons  were made f o r  Lorentz and 

p o l a r i z a t i o n  e f f ec t s .  S t r uc tu re  was solved by d i r e c t  and Fou r i e r  methods and r e f i n e d  by f u l l - m a t r i x  

least-squares procedures, min imiz ing  Z w ( ~ F ) ' ,  w i t h  i s o t r o p i c  temperature f ac to r s .  An absorpt ion 

7 c o r r e c t i o n  f o l l ow ing  the  DIFABS procedure was app l i ed  t o  i s o t r o p i c a l l y  r e f i n e d  data, the maximum 

and minimum absorp t ion  f ac to r s  being 0.994 and 0.681 respec t i ve l y .  Refinement was cont inued by 

f u l l - m a t r i x  least-squares w i t h  a n i s o t r o p i c  temperature f ac to r s .  Hydrogen atoms were loca ted  from 

d i f f e r e n t  synthesis and inc luded w i t h  i s o t r o p i c  temperature f ac to r s .  F i na l  refinement l ed  t o  

R= 0.075 and Rw= 0.073 w i t h  w f rom an empi r i ca l  we igh t ing  scheme t h a t  f i t s  so as t o  g i ve  no t rends 

2 8 
i n  < w A  F > 2. Fo and s i n  01 A ;  ( A1 o),,,= 0.05 and res i dua l  e l e c t r o n i c  dens i t y  i n  f i n a l  

d i f fe rence map 0.20 e i - 3 ,  S= 0.866. 

The atomic sca t t e r i ng  f a c t o r s  were taken from In te rna t i ona l  Tables f o r  X-Ray Crys ta l lography  

( 1 9 7 4 1 . ~  The computation was performed on a Vax 111750 w i t h  MULTAN 80," XRAY 76,11 and PAR ST'^ 



programs. 

'H Nmr spectra were obtained a t  293 K on a Varian XL-300 spectrometer operat ing a t  300 MHz, using 

CDC13 and DMSO-d6 as solvents and TMS as i n te rna l  standard. Typical  acqu i s i t i on  parameters were: 

spectral  width, 5 KHz; data s ize,  32 K; acqu i s i t i on  time, 3 s; and pulse width,  8 us (53") .  I n  

order t o  assign and determine chemical s h i f t s  and coupl ing constants, computer assisted ana lys is  

1 and 20 sca lar  s h i f t  co r re la ted  H nmr experiments were performed. The computer assisted ana lys is  

o f  four and e igh t  sp in  systems were performed w i t h  the i t e r a t i v e  program PANIC 81 on a Bruker 

Aspect 2000 computer. The e igh t  spin systems were t reated l i k e  two subsystems o f  four spins, using 

an add i t iona l  r o u t i n e  f o r  obta in ing the experimental envelope. The e r r o r  of the chemical s h i f t s  

and coupl ing constants were estimated t o  be + 0.03 Hz and +0.05 Hz respec t i ve l y  and the RMS value 

was 0.06. 20 experiments were c a r r i e d  out  w i t h  the same spectrometer using the COSY-90 pulse 

sequence. The fo l l ow ing  parameters were used: number of increments, 128; pulse width, 13.5 u s; 

r e l axa t i on  delay, 1 s: sweep width,  A200 Hz i n  tl and 400 i n  t2 and 256x256 transformed data 

po in ts .  

Ir spectra were recorded on a Perkin-Elmer 5998 spectrophotometer. Indene and polystyrene were 

used f o r  instrument c a l i b r a t i o n .  A l l  compounds were compressed i n t o  XBr pe l l e t s .  Spectra i n  

chloroform ( -0.05 M; 1= 0.02 cm), and deuterated dimethyl sul foxide so lu t ions  were also recorded. 

Spectra f o r  very d i l u t e  carbon te t rach lo r i de  so lu t ions  (0.001 M )  i n  the 3600-2400 cm-' reg ion were 

also taken using 4 cm quartz c e l l s .  

Raman spectra were measured fo r  some samples on a Jobin Yvon U 1000 spectrometer using argon 

rad ia t i on  a t  514.5 nm and krypton r a d i a t i o n  a t  647.1 nm. The samples were i n  the form o f  powder. 

Uv spectra were recorded on a Bausch and Lomb Spectronic 2000 spectrophotometer. The so lu t ions  

were i n  the range o f  concentrat ion of M. 

Mel t ing  po in ts  are uncorrected and were measured on a Biichi c a p i l l a r y  mel t ing  p o i n t  apparatus. A l l  

compounds gave elemental ana lys is  according t o  t h e i r  s t ruc tures .  

The synthesis o f  compounds 1, 2, 2, and & i s  already reported.13 The 4b form of t r is(2-benzo- 4 

thiazoly1)methane was obtained together w i t h  & when &was c r y s t a l l i z e d  i n  benzene i n  the presence 

of c a t a l y t i c  amounts o f  ace t i c  ac id .  The other samples were obtained as fo l lows:  

Tr is (2-benro th iazo ly l  )methane, 4bl. 

A so lu t i on  of 0.01 mol (2.8 g )  of bis(2-benrothiar~1~l)methane~~ i n  20 ml o f  d ry  DMF was added 

over a suspension o f  0.01 mol (0.3 g of NaH 80%) of sodium hydr ide i n  10 ml of d ry  DMF under N2 

atmosphere and external  coo l ing  w i t h  an ice-water bath, a f t e r  which, a so lu t i on  o f  0.005 mol 

(1.06 g )  of 2-methylsulf~nylbenzothiarole~~ i n  5 ml of d r y  DMF was a lso  added. The s t i r r i n g  was 

continued fo r  fu r ther  4 h a t  room temperature and the f i n a l  reac t ion  mix ture  was f i l t e r e d .  The 

add i t i on  o f  water t o  the f i l t e r e d  so lu t i on  af forded a p r e c i p i t a t e  which was f i l t e r e d  and 
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c r y s t a l l i z e d  from benzene. The y i e l d  was 50%, mp 267-269 'C. Anal. Calcd f o r  CZ2Hl3N3S3: C. 63.59; 

H, 3.15; N, 10.11 %. Found: C, 63.61; H, 3.50; N, 10.52 %. 

1,l-Bis(2-benzothialoiy1)-I-phenylethane 5. 

B u t y l l i t h i u m  (3.75 ml o f  1.6 M s o l u t i o n )  was added over  a s o l u t i o n  of 0.005 mol (1.79 g )  of 1 i n  

60 ml of  THF a t  -10 'C under N2 atmosphere, f o l l owed  by a d d i t i o n  of  0.006 mol (0.852 g)  of methyl 

i od i de  i n  THF (10 m l ) .  The r e a c t i o n  m i x tu re  was kept  a t  room temperature fo r  4 h and then ref luxed 

18 h. The m ix tu re  was poured on to  ice-water ,  ex t r ac ted  w i t h  e ther ,  and t h e  e therea l  layers  were 

d r i e d  over anhydrous sodium s u l f a t e  and concentrated under "vacuum". The crude product  obtained 

was p u r i f i e d  by c o l u m  chromatography over aluminium ox ide  w i t h  hexane-chloroform (10:3) as e luent .  

Compound 5 was obtained i n  31 % y i e l d ,  mp 114-117 "C (ethanol  ). Anal .  Calcd f o r  C22H16N2S2: C, 

70.93; H, 4.33; N, 7.52 %. Found: C, 71.17; H, 4.68; N, 7.81 %. 

Phenyl-2-benzothiazol~-3-methyl-2,3-dihydro-2-benzothiazolilidenemethane, 6. 

A m ix tu re  of 0.01 mol (3.58 g )  of  1 and 0.01 mol (1.51 m l )  o f  methyl p - to luenesu l fonate  was heated 

a t  180 'C f o r  3 h. The s o l i d  r es i due  was t r e a t e d  w i t h  chloroform and water ,  and t h e  organic layer  

was d r i e d  over anhydrous magnesium su l f a t e  and concentrated under "vacuum". The t reatment of the 

res idue w i t h  ethanol  and e ther  gave a s o l i d  which was f i l t e r e d  and i d e n t i f i e d  as 6,  w i t h  a y i e l d  

of 19 %, mp 207-209 'C (ethanol ). Anal. Calcd f o r  Cz2Hl6N;SZ: C, 70.93; H, 4.33; N, 7.52 %. Found: 

C, 70.82; H, 4.13; N, 7.47 %. 

2-Benzothiazolyl-diphenylmethane, I. 

To a s o l u t i o n  of 0.03 mol (3.75 g )  o f  o-aminothiophenol and 43 g of  polyphasphate es te r16  i n  50 m l  

of chloroform ( d r i e d  over phosphorous pentoxide),  0.045 mol (9.54 g)  of d ipheny lace t ic  ac i d  was 

added, and the whole was re f l uxed  f o r  30 min. The mix tu re  r eac t i on  was concentrated and neut ra l i zed  

w i t h  a ' co ld  aqueous s o l u t i o n  o f  sodium bicarbonate.  The crude s o l i d  thus obtained was f i l t e r e d  and 

ex t r ac ted  w i t h  petroleum e the r  t o  g i ve  I a f t e r  evaporat ion.  Y ie ld ,  64 %, mp 88-90 "C (ethanol  ) ,  

( l i t . 1 7  mp 89-91 'C from methanol). Anal. Calcd f o r  CZOH15NS: C,  79.70; H, 5.02; N, 4.65 %. Found: 

C,79.57; H, 5.00; N, 4.62 %. 
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