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Condensation of o- aminothiophenol with 2 - hydr oxy-3,4 ,5-  t r ic  arbalkoxyeyclopentadienones  
gave 3a, 9 -d ihyd ro -3a -hyd roxy - l , 2 , 3 - t r i c a rba lkoxycyc lopen t a [b ] - l , 4 -benzo th i az ine s ,  which 
undergo dehydrat ion to give 1 ,2 ,3 - t r i ca rba lkoxycyc lopen ta [b ] - l ,4 -benzo th iaz ines .  The la t te r  
were  c h a r a c t e r i z e d  as r - e l e c t r o n  analogs of azulene on the bas i s  of the i r  e lec t ron ic  and 
PMR s p e c t r a  and quan tum-chemica l  calcula t ions .  

Cyclopentabenzothiazines  (I-III) obtained by condensation of o-aminothiophenol  with 2 - ch lo rocyc lo -  
pentanone [i], 3 - eh lo rocyc lopen tane - l , 2 -d ione  [2], and indane - l , 2 -d ione  [3] a re  co lo r l e s s  compounds.  

it 0 H 

OH 
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When III is heated above its mel t ing point,  wa t e r  is spli t  out to give deeply colored IV (~max 519 nm), which, 
like cyclopenta thiopyrans  [3, 4], is a r - e l e c t r o n  analog of dibenzoazulene.  

We have found that the condensat ion of o-aminothiophenol  with 2 -hyd roxy-3 ,4 ,5 - t r i c a rba lkoxycyc lo -  
pentadienones [5] p roceeds  in accordance  with scheme  (1): 
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When the reac t ion  is c a r r i e d  out in methanol ,  VI t a re  isolated,  whereas  VII a re  isola ted when the reac t ion  
is c a r r i e d  out in pyridine;  VII a r e  new r - e l e c t r o n  analogs of azulene (Table 1). 

*See [7] for  communica t ion  I. 
t s t r u c t u r e  V was ass igned to VI in a p r e l i m i n a r y  communicat ion  [6]. 
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T A B L E  1. 3a,  9 - D i h y d r o - 3 a - h y d r o x y c y c l o p e n t a [ b ] - l , 4 - b e n z o t h i a z i n e s  

(VI) and 1, 2 , 3 - T r i c a r b a l k o x y e y e l o p e n t a [ b ] - l , 4 - b e n z o t h i a z i n e s  (VII) 

Com- mp,*C Empirical Found, % Calc., % i v.x~,* v o ~*,] Yield, 
pound [(dec.) , formula C iH jN !S C IH IN !S !cm -1 c m : l [ %  

Via " 54,1 4,0 3,7 8,5 [ Vlb 141159142 CIrHtsNOTS 54,0 4,0 3,7 8,8 3310 3520 77 

I 

Vlc 1408141 C~aH2rNOrS 59,9 5,9 3,0 7,0 59,815,913.317,1 I 3305 54 
VlI~ C,,HIsNO6S 56,8 [3,713,918.9 56,913,714,018,9 [ --  37 
VIID 125--126 C~oHIgNO~S 59,8 4,8 3.5 8,0 ~0,214,9 3,6[7,8 40 
Vile 162--',63 C2aH25NO,~S 62,3 5,7 3,2 7,2 62,0 [5,8 2,917,4 34 

*In CC14; the a b s o r p t i o n  is  a t  3300-3400 c m  - I  in the  c a s e  of K B r  
p e l l e t s .  
t M o l e c u l a r  weight  ( d e t e r m i n e d  c r y o s c o p i c a l l y  in benzene )  : Found  
437; c a l c u l a t e d  443. 

T A B L E  2. 

�9 Compound 

Via 

Vtb 

VIC 

Vllb 

VIlb 

VIIIb 

VII a 

VllIa 

PMR S p e c t r a  of VI-VII I  

Solvent 

CHCIz 

CHCIa 

CHCI3 

CHCIa 

Pyridine 

CFaCO2H 

pyridine 

CFaCO2H 

(Stoup .1 Chemical shift, 
6, ppm 1 

CH~ 

OH 
NH 
CH3 

CH2 

OH 
NH 
CH3 

CH 
OH 
NH 
CH3 

CH2 

CH3 

CH2 

CH3 

CH2 

CH~ 

CH3 

3,78 
3,84 
3,96 
3,50 

10,Ol 
125 
128 
1,37 
4,25 
4,30 
4,40 
3,52 

!O,00 
1,23 
1,28 
1,39 
5,25 
3,64 

10,03 
1,37 
1,40 
4,50 
4,61 
1,29 
122 
1,45 
4,35 
4,46 
4,67 
0,98 
1,08 
4,07 
4,10 
3,88 
3,94 
4,15 
3,60 
3,64 
3,72 

' No, of protons 
and multiplic- 
ity * 

3s 
35 
3s 

$ 
s 

3t 
3t 
3t 
2q 
2q 
2q 

s 
$ 

6d 
6d 
6d 
3m 
ls 
s 

6t 
3t 
4q 

3t 
3t 
3t 
2q 
2q 
2q 
3t 
6r 
2q 
4q 
3.s 
3s 
3s 
3s 
3s 
3s 

* A b b r e v i a t i o n s :  s is  s i ng l e t ,  q is  q u a r t e t ,  t i s  t r i p l e t ,  d i s  double t ,  
and m is  m u l t i p l e t .  

B a n d s  at  3300 and 3500 c m  -1, which  a r e  c h a r a c t e r i s t i c  fo r  i n t r a m o l e c u l a r  NH and OH h y d r o g e n  bonds  
(Tab le  1) a p p e a r  in the  IR s p e c t r a  of  CC14 s o l u t i o n s  of  VI; the  a b s o r p t i o n  a t  2500 c m  -1 tha t  i s  c h a r a c t e r -  
i s t i c  fo r  the  SH g r o u p  i s  a b s e n t .  The PMR s p e c t r a  of  t h e s e  c o m p o u n d s  con ta in  s i g n a l s  a t  3.5 and 10 ppm,  
which  we a s s i g n e d  to  the  p r o t o n s  of  OH and NH g roups ,  r e s p e c t i v e l y  (Tab l e  2).  The  a s s i g n m e n t  of  the  p r o -  
tons  of the NH g r o u p  was  m a d e  on the b a s i s  of the  f ac t  tha t  i t s  s i g n a l  in the  s p e c t r u m  of t r i c a r b a l k o x y - 4 H -  
c y c l o p e n t a q u i n o x a l i n e s  [7] i s  found at  12 ppm,  a s  c o m p a r e d  with  11 p p m  in the  s p e c t r u m  of a - f o r m y l p y r -  
r o l e  [8]. A b s o r p t i o n  in the  i n d i c a t e d  r e g i o n s  i s  not  o b s e r v e d  in the PMR and IR s p e c t r a  of  VII .  

Compounds  V i a - c ,  which  a r e  s t a b l e  in the  c rys t a l . l i ne  s t a t e  and in  i n e r t  a p r o t i c  s o l v e n t s ,  u n d e r g o  
d e h y d r a t i o n  to g ive  VII when they  a r e  h e a t e d  in c a r b o x y l i c  a c i d s ,  p y r i d i n e ,  o r  a c e t i c  a n h y d r i d e .  R a p i d  
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T A B L E  3.  E l e c t r o n i c  S p e c t r a  of  VI -VI I I ,  X, and  XI 

Corn- [ , ~tm lg ~ Medium 
pound! " ~ '  

Via 
VI b 
VIc 

Vlla 
VII b 
VII r 

VIIIa 
VIII b 
VIII c 
Villa 

Xa 
XIa 
XIa 
XIa 

427,300, 228 
420,302, 225 
425,300, 228 
556, 392", 376, 289, 231" 
558,392*,376, 290.232* 
556, 392", 376, 290, 231" 
720,440, 301", 294 
720,439, 300", 294 
720, 444. 300", 293 
720,439, 302", 294 
457, 330, 268 
392,298, 219T 
395,300, 220 T 
396, 300, 223 

4,00; 4,39; 4,41 
3,97; 4,41; 4,41 
3,99; 4,38; 4,37 
3,48; 4,09; 4,12; 
3,49; 4,10; 4,14; 
3,48; 4,1[; 4,16; 
3,14; 4,33; 4,62; 
3,16; 4,32; 4,66; 
3,16; 4,35; 4,62; 
3,13; 4,29; 4,63; 
3,91; 4,26; 4,29 
3,95; 4,40 
3,96; 4,41 
3,89; 4,45 

4,64; 4,25 
4,65; 4,24 
4,66; 4,30 
4,69 
4,73 
4,70 
4,67 

C2HsOH 
C2HsOH 
C~HsOH 
C2HsOH 
C2HsOH 
C2HsOH 
VIIain70% H2SO4 
VIIb in70O/o H2SO4 
VII c in70% H2SO4 
Vlain 70 .~ H2SO4 
VIIa+EtONain EtOH 
VIIa+NaOHin 25% EtOH 
VIa§ in25O/o E[OH 
VIa -4- EtONa in EtOH 

* Shou lde r .  
t The  d e t e r m i n a t i o n  of  the  i n t e n s i t y  i s  d i f f i cu l t  b e c a u s e  of the  a b -  
s o r p t i o n  of  the  s o l v e n t .  

Igr 

~,ro 

3f5 

3to 

215 

;z~o 
:J "-/ \ V' ' \ \  

. . . . .  \ 
~O l ~ 3m ~ ~ 550 ~ 670 730 790 X, n m  

F i g .  1 E l e c t r o n i c  s p e c t r a  of VIIb (1), VIIIb (25, and 
1 ,2 ,3 -  t r i c a r b e t h o x y - 4 H - c y c l o p e n t a [ b ] q u i n o x a l i n e  (IX) 
(35. 

h y d r a t i o n  o c c u r s  even  a t  r o o m  t e m p e r a t u r e  when 
they  a r e  d i s s o l v e d  in 70% H2SO 4 to  g ive  c a t i o n  
VIII  [ s c h e m e  (2)]. A c o m p a r i s o n  of the  e l e c t r o n -  
ic  s p e c t r a  of s o l u t i o n s  of  VIIa  and V i a  in  70% 
H2SO 4 (the a b s o r p t i o n  in bo th  c a s e s  p e r t a i n s  to 
VIIIa5 shows  tha t  t h i s  r e a c t i o n  p r o c e e d s  q u a n -  
t i t a t i v e l y  (Tab le  35. 

Compounds  V I I a - c  a r e  d a r k - v i o l e t  s u b s t a n c e s  
(Tab le  15 and f o r m  g r e e n  s o l u t i o n s  of  c a t i o n s  
VIII  when they  a r e  d i s s o l v e d  in CF3CO2H o r  
m i n e r a l  a c i d s .  

T h e  s i m i l a r i t y  b e t w e e n  the e l e c t r o n i c  
s p e c t r a  of  VII  and the  s p e c t r a  of a z u l e ne  and,  
p a r t i c u l a r l y ,  1 , 2 , 3 - t r i c a r b a l k o x y - 4 H - c y c l o p e n -  
t a [b ]qu inoxa l ine  (LX) [7] (F ig .  15 i n d i c a t e s  the  
p r e s e n c e  in t h e m  of a un i f i ed  c y c l i c  s y s t e m  of lr 
e l e c t r o n s ,  i . e . ,  t ha t  t hey  a r e  a r o m a t i c  c ompounds .  

COOC21f s 
~ ~ COOC~Hs 

u _ _  
COOC2H s 

IX 

The  ana logy  wi th  a z u l e n e  shows  up d i s t i n c t l y  upon c o m p a r i n g  c y c l o p e n t a b e n z o t r i a z i n e s  (VII) wi th  t h e i r  
c a t i o n s  (VIII5 (Tab l e  3 and F i g .  1) - in c o n f o r m i t y  wi th  the  r u l e s  of the  e f f ec t  of  the  e l e c t r o n e g a t i v i t i e s  of  
the  a t o m s  in the  4 and 8 p o s i t i o n s  of  the  azu l ene  r i ng ,  p r o t o n a t i o n  of VII  in  the  9 p o s i t i o n  l e a d s  to a s t r o n g  
b a t h o c h r o m i c  sh i f t  of  t h e  l ongwave  b a n d .  On p a s s i n g  f r o m  c y c l o p e n t a q u i n o x a l i n e s  IX to c y e l o p e n t a t h i a z i n e  
VII, i . e . ,  on r e p l a c i n g  the  n i t r o g e n  a t o m s  by  a s u l f u r  a tom,  we a l so  o b s e r v e  a b a t h o c h r o m i e  sh i f t ,  and th i s  
e f f ec t  i s  c o n s i d e r a b l y  m o r e  p r o n o u n c e d  in the  c a t i o n s  (115 rim) than  in the  b a s e s  (50 a m ) .  When  c o n s i d e r i n g  
b a s e s  VII and IX and t h e i r  Cat ions  a s  p s e u d o a z u l e n e s ,  one m u s t  b e a r  in m i n d  the  f ac t  tha t  the  NH g roup  in 
IX o r  the  s u l f u r  a t o m  in VII r e p l a c e s  two CH g r o u p s  o f  a z u l e n e  in the  4 and 5 p o s i t i o n s ,  which  have  o p p o s i t e  
c h a r g e s  and,  consequen t l y ,  o p p o s i t e  s u b s t i t u e n t  e f f e c t s . ,  R e p l a c e m e n t  of the  n i t r o g e n  a t o m  by  a su l fu r  
a t o m  m a y  t h e r e f o r e  l e a d  bo th  to h y p s o c h r o m i c  and b a t h o c h r o m i c  s h i f t s .  In fac t ,  bo th  t y p e s  of e f fec t s  have  
b e e n  d e s c r i b e d  fo r  p s e u d o a z u l e n e s  [3]. In the c a s e  of  the  c y c l o p e n t a q u i n o x a l i n e  ca t ion ,  in v i ew of  the  
s y m m e t r y  of  the  n i t r o g e n  a t o m ,  the  c h a r a c t e r  of  the  4 and 8 p o s i t i o n s  of  a z u l e ne  shou ld  p r e d o m i n a t e ,  and  
the  b a t h o c h r o m i c  "shift on r e p l a c e m e n t  of  one of  the  n i t r o g e n  a t o m s  by  a s u l f u r  a tom,  which  g i v e s  i t s  e l e c -  
t r o n s  to the  o v e r a l i  con juga t i on  s y s t e m  l e s s  r e a d i l y ,  i s  c o m p l e t e l y  e x p l a i n a b l e  wi thou t  invok ing  a d d i t i o n a l  

9 4 3  
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Fig.  2. Molecular  d i ag ram of 1 ,2 ,3 - t r i ca rba lkoxycy-  

a ssumpt ions ,  for  example ,  par t ic ipa t ion  of the 
d orb i ta l s  [3]. 

The absorpt ion s p e c t r a  of hydra ted  de r i -  
va t ives  VI (Table 3) differ  cons iderab ly  f rom 
the spec t r a  of the pseudoazulenes .  The de- 
c r e a s e  in the number  of bands and the s t rong 
hypsochromic  shift  indicate a substant ial  change 
in the 7r-electron s t ruc tu re .  In con t ras t  to cyclo-  
pentathiazines  I I t I ,  VI a re  colored,  and this 
may  be explained by the p r e s e n c e  of a s y s t e m  
of conjugation between the carba lkoxy groups  
and the aniline res idue .  

clopenta [b] - l ,4 -benzoth iaz ine  (VII). 
H 

, o  

OC2Hs "~ ~'L 
X VII Xl 

CR~CO2H H2SO4 ei20 " ~  OH-~ " 

OC,,H~ O H 

Xll VIII  VI 

fn  fact, the action of an alkoxide on VIIa gives anion Xa with the charge  on the ni t rogen atom, and solution 
of Xa absorb  at longer wavelengths than a solution of Via (Table 3); the deepening of the color  is due to the 
fact  that the anilide anion res idue  is a s t ronge r  auxochrome.  

Another anion (XI) in which the charge  is concent ra ted  on the oxygen a tom is f o rmed  by the action of 
aqueous alcoholic alkal i  on VII. The fact  that a solution with p r e c i s e l y  the s a m e  spec t r a l  c h a r a c t e r i s t i c s  
(Table 3) is fo rmed  by the action of aqueous alcoholic alkali  or  alkoxide on VI const i tutes  proof  for  this .  
The UV spec t r a  of solutions containing this anion are  v e r y  s imi l a r  to the spec t rum of VI and differ  f r o m  it 
only with r e s p e c t  to the smal l  hypsochromic  shift  of the longwave band. (Table 3). Solutions of XII fo rmed  
f r o m  anion X af te r  acidif icat ion have s i m i l a r  spec t r a .  

The combination of these t r ans fo rma t ions  is incompatible  with the a l ternat ive  s t ruc tu re  (XIII) of the 
hydrated der iva t ives .  

CO.R 

XII! 
Spirobenzothiazolines of the XIII type are  usual ly fo rmed  in the condensation of cyclenones w i t h o - a m i n o -  
thiophenol [9], although they have not been detected in the condensation with indane- l ,2 -d ione  [3]. The 
color of spirobenzothiazol ine XIII should deepen on ionization of the hydroxyl  group and should undergo 
litt le change on ionization of the NH group.  In fact, we obse rve  the opposite effects ,  which a re  in good 
agreement  with s t ruc tu re  VI. A d i r ec t  proof  that our hydra ted  compounds have s t ruc tu re  VI r a the r  than 
s t ruc tu re  XIIt is provided by the fact  that thei r  PMR spec t ra  do not contain s ignals  at 1-1.5 ppm (Table 2) 
a region that is cha r ac t e r i s t i c  for  the NH group of spi robenzothiazol ines  [10]. The proton of the NH group 
in VIg ives  a signal at 10 ppm, which is natural  for a NH group conjugated with s t rong e lec t ron  accep tors  
[7, 8]. 

In conformity  with s t ruc tu re  VI, the protons of the carba lkoxy groups in the 1, 2, and 3 posi t ions 
a re  nonequivalent, and the signals  of the protons  of the carba lkoxy groups in conjugation with the NH group 
(in the 1 and 3 positions) a re  c lose  to one another  and appear  at s t ronger  field than the signals of the p ro -  
tons of the carbalkoxy group in the 2 posi t ion (Table 2). The protons of the carba lkoxy groups of VII give, 
as a rule ,  c lose ly  s i tuated nonequivalent s ignals .  This  is in ag reemen t  with our  quan tum-mechanica l  ca l -  
culations of the e lec t ron  density distr ibution in VII (Fig. 2). According to these calculat ions,  the shift  
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of the s ignals  of the protons  of the e s t e r  groups  to low field should occur  in the o rde r  1-3-2 ,  and the dif- 
f e rence  between the i and 3 posi t ions  should be slight.  This  is what we obse rve  exper imenta l ly .  A s i m i l a r  
pa t t e rn  is a lso  noted for  cat ions  VIII (Table 2). In the case  of VIIIb it is seen  that the s ignals  of the pro tons  
of the e s t e r  groups in the 1 and 3 posi t ions  of the cation a r e  shifted to lower  field as compared  with the 
protons  of the carba lkoxy group in the 2 -pos i t ions .  It  is also seen f r o m  Fig. 2 that the carbon a tom in the 
3a posi t ion stands out apprec iab ly  with r e s p e c t  to the magnitude of the posi t ive  charge  f rom the o ther  c a r -  
bon a toms of the he te roxycl ic  s y s t e m .  This  explains the d i rec t ion of nucleophilic a t tack during the action 
of ba se s  on VII ( format ion of X and XI). 

EXPERIMENTAL METHOD 

The electronic spectra of the compounds were recorded with a Unicam-SP-8000 spectrograph. All 
of the investigated solutions followed the Lambert-Beer law at concentrations from 10 -4 to 10 -5 mole/ 
liter. The IR spectra were recorded with a UR-20 spectrometer. The PMR spectra were recorded with 
a Tesla-BS-477 spectrometer (60 MHz) with hexamethyldisiloxane as the internal standard. The molecular 
diagram of VII was calculated by the MO LCAO method within the Hfickel approximation with the Streitwieser 
parameters [II] and a Minsk-22 computer. 

3a, 9-Dihydro-3a-hydroxy-l,2,3-tricarbethoxycyclopenta[b]-l,4-benzothiazine (VIb). A 6.5-mmole 
sample of o-aminothiophenol was added to a heated mixture of 3.2 mmole of 2-hydroxy-3,4,5-tricarbethoxy- 
cyclopentadienone and 15 ml of CH3OH , after which the mixture was heated for 10 rain on a water bath. It 
was then cooled, and the precipitated yellow crystals were removed by filtration. The product was crys- 
tallized from benzene- hexane (I : I). Compounds Via, c were similarly obtained; Via was crystallized 
from CH3OH , and VIe was crystallized from hexane. 

1,2,3-Tricarbomethoxycyclopenta[b]-l,4-benzothazine (VIla). A A solution of 3.8 mmole of o-amino- 
thiophenol in 5 ml of pyridine was added to a heated (I00 ~ solution of 3.8 mmole of 2-hydroxy-3,4-5-tri- 
carbomethoxycyclopentadienone in 15 ml of pyridine, after which the mixture was heated on a water bath 
for I0 rain. The bulk of the solvent was removed by distillation, the:concentrated solution was cooled, and 
the precipitated dark-violet crystals were removed by filtration. The product was crystallized from meth- 
anol (acetone). 

Compounds VIIb, c were similarly obtained and crystallized from hexane. 

B) A solution of 4.95 �9 I0 -5 mole of Via in 15 ml of (CH3CO)20 was heated on a water bath for 1 h, 
after which the bulk of the solvent was removed by distillation, the concentrated solution was cooled, and 
the resulting precipitate was removed by filtration to give 2.76 �9 10 -5 mole (56 ~) of VIIa. The product was 
crystallized from acetone. 
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