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By means  of the SCF MO LCAO method in the ~r-electronic (PPP) and a l l -va l ence  (CNDO) 
approx imat ions  the e lec t ronic  s t r u c t u r e s  and spec t r a l  c h a r a c t e r i s t i c s  of the valence  i so-  
m e r s  of 2H-chromenes ,  th iochromenes ,  and 1,2-dihydroquinol ines have been calculated.  
On the bas i s  of a cons idera t ion  of the e lec t ronic  configurat ion of var ious  exci ted s ta tes ,  an 
explanation has been given of the m e c h a n i s m  of the pho toch romism of the c h r o m e n e s  and 
the i r  analogs.  A hypothesis  has  been put fo rward  concerning the poss ib i l i ty  of t h e r m o -  
c h r o m i s m  in 1 ,2-dihydronaphthalene.  It  has  been  shown that  the d i f fuseness  of the long- 
wave absorp t ion  band of the open f o r m s  of the compounds inves t igated is not connected with 
the exis tence  of s e v e r a l  s t e r e o i s o m e r s .  The influence of the he t e roa tom and of benzo-fus ion  
on the long-wave  absorp t ion  has  been  analyzed.  The nature  of the e lec t ronic  t rans i t ion  r e -  
sponsible  for  the long-wave  absorp t ion  of the pho to-co lo red  fo rms  has been explained. 

Compounds of type A -  the c h r o m e n e s  (X = O) [2, 3], th iochromenes  (X = S) [4], the se lenochromenes  
(X = Se) [1], the dihydroquinolines (X = NR) [5, 6], and the dihydronaphthalenes (X = CH2) [7, 8] - undergo 
va lence  i somer i za t i on  on i r rad ia t ion .  

4 8 

The reac t ion  explains the na ture  of the t h e r m o c h r o m i s m  and p h o t o c h r o m i s m  of compounds of the 
s p i r o p y r a n  s e r i e s  (R', R" toge ther  r e p r e s e n t  a he t e rene  res idue)  [9. 10]. I t  a lso  a t t r ac t s  at tention s inee 
it poss ib ly  de t e rmines  the capac i ty  of g r e e n  plants  containing ch romene  alkaloids for  accumulat ing so l a r  
ene rgy  [2]. To unders tand  the m e c h a n i s m  of the photochemica l  c leavage  of a ~ bond on i r rad ia t ion  and to 
de sc r i be  and p r ed i c t  pho toreae t ion  routes ,  in format ion  is  n e c e s s a r y  on the e lec t ron ic  s t r u c t u r e  of the 
ground and exci ted s ta tes  and the na ture  of the low-lying e lec t ronic  t rans i t ions .  With these  a ims ,  we have 
p e r f o r m e d  a calcula t ion of the e lec t ron ic  s t ruceare ,  ene rgy  s ta tes ,  and s p e c t r a  of the valence  i s o m e r s  of 
a n u m b e r  of 2H-ch romenes ,  tMoehromenes ,  .and 1,2-dihydroquinolines,  and of 1 ,2-dihydronaphthalene g-XI) 
in the ~r-electronic  and a l l - v a l e n c e  approx imat ions  of the 8CF M e  method.  

The calcula t ions  of the e lec t ron ic  s t r u c t u r e  and the s p e c t r a  of the cycl ic  (A) and open (B-E) i s o m e r s  
of the compounds inves t iga ted  w e r e  p e r f o r m e d  by means  of the P a r i s e r - P a r r - P o p l e  (-PPP) method and a 
method taking into account  all  the va lence  orb i ta l s  in the approximat ion  of comple te  neglect  of different ia l  
over lap  (CNDO) [11]. The re  is no in format ion  in the l i t e r a t u r e  on the m o l e c u l a r  g e o m e t r y  of the ch romenes  

* Fo r  Communica t ion  III, see  [1]. 
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and the i r  analogs.  Consequently,  we used  the s tandard  values of the valence angles and bond lengths taking 
into account the hybr id  s ta tes  of the a toms [11]. The calculat ions by  the P P P  method were  p e r f o r m e d  in the 
"va r i ab le  ~" approx imat ion  [12], and for  the C - S  bonds we used the constants  that  we obtained p rev ious ly  
[13]. The two-e l ec t ron  Coulomb repuls ion  in tegra l s  were  calculated by means  of the Ma taga -Ni sh imoto  
fo rmula .  In the cons t ruc t ion  of the m a t r i x  of the configurat ional  interact ion,  20 singly excited configurat ions 
were  taken into account.  To calculate  the energy  of the t r ip le t  l eve l s  the p a r a m e t r i z a t i o n  introduced spec ia l -  
ly for  these  purposes  was used [14]. The osc i l l a to r  fo rce  was ca lcula ted  by a wel l -known fo rmula  [21] with 
the subsequent  introduct ion of the coeff icient  0.5 in a g r e e m e n t  with Bai ley [22]. More deta i ls  of the ca l -  
culat ions by the P P P  method a re  given e l sewhere  [13]. 

R 

I 
I t  

I~ U HI. IV V, Vi 

VII, VII! IX, X Xl 

I , I I l ,  V, X R=H;  i l  R=C6Es; IV, IX R=OCH3; VI R=COR'; VII. IX X=O;  V I I I , |  X = S  

The CNDO method was applied in the p a r a m e t r i z a t t o n  p roposed  for  the calculat ion of spec t r a l  char -  
a c t e r i s t i c s  [15]. Fo r ty  s ing ly-exc i ted  configurat ions were  taken into account.  The calcula t ions  by the CNDO 
method w e r e  p e r f o r m e d  accord ing  to a p r o g r a m  wri t ten and modif ied by I. I .  Zakharov  for  a B~.SM- 6 com-  
pu te r .  The r e su l t s  of the calculat ions a r e  given in Tables  t - 5 .  
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0;004 --0~O04 
H N 

o,oo, l_o, oo Loo, oo 
~ 

H - 0t112 

o, oo2 I A  ~ 

The Closed F o r m s  (A). Table  1 gives the spec t r a l  c h a r a c t e r i s t i c s  of the c losed f o r m s  of the com-  
pounds inves t igated ca lcula ted  by the P P P  and CNDO methods .  The calcula ted and exper imenta l  values 
ag ree  sa t i s fac to r i ly .  The calculat ion c o r r e c t l y  r ep roduces  the obse rved  ba thochromie  shift  of the long- 
wave band on pas s ing  f r o m  2H-ch romene  (I) to 2H- th iochromene  {III) and 1,2-dihydroquinoline (V). A s i -  
m i l a r  change in the s p e c t r u m  is  obse rved  on pass ing  f r o m  the ch romene  (I) and the th iochromene  (III). r e -  
spect ively ,  to the benzochromenes  (VII. IX) and beuzo th iochromenes  (VIII. X). Calculat ions by the CNDO 
method show that  v~* t r ans i t ions  a re  r e spons ib le  fo r  the f i r s t  t h r ee  exci ted s t a t e s  of 2H-ch romene  (I). of 
1,2-dihydroquinoline (V), and of 1, 2-dihydronaphthalene (XI). 

The m o l e c u l a r  d i a g r a m s  give the total  (r + ~) charges  on the a toms and the bond indices of 2H- 
ch romene  (I) ca lcula ted  accord ing  to Wiberg  [16] in the ground (So) and in the f i r s t  exci ted singlet  (S1) and 
t r ip l e t  (T1) s ta tes .  In the $1 and T1 s ta tes ,  the C2-O bond is the mos t  loosened, as can be seen  f r o m  the 
value of the bond index. In addition, on exci ta t ion the re  is a cons iderab le  equalizat ion of the C3-Cr and the 
C4-C4a bonds in the py ran  ring, which a r e  s t rongly  loca l ized  in the ground s ta te .  Thus, on pass ing  to the 
f i r s t  exci ted s ta tes  (S 1 and T 0  the pe r tu rba t ion  of the e lec t ronic  s t ruc tu re  of the p y r a n  r ing s t rong ly  f avors  
the e l ec t rocyc l i c  r ing-opening  reac t ion .  We obtained the s a m e  resu l t  for  1,2-dihydroquinoline (V) and so 
has  Tinland [23] for  1 ,2-dihydronaphthalene (XI). 

F igure  1 shows g raph ica l ly  the highest  occupied m o l e c u l a r  orbi ta ls  (HOMO) of the ground (So) and 
f i r s t  t r i p l e t  (T 1) exci ted s t a t e s  of the c losed and open f o r m s  (A and B) of 2H-ch romene  (I) and of 1 .2-dihydro-  
naphthalene (XI) obtained by the CNDO method.  All these  o rb i t a l s  a re  of the ~ type.  it is e a s y  to see  that  
the HOMOs of the ground s ta tes  of the c losed  and open f o r m s  of the ch romenes  do not co r r e l a t e .  Because  
of this, the e l ec t rocyc l i c  r eac t ion  of the opening of the py ran  r ing does not take p lace  in the ground s ta te  
even on heating. At the s a m e  t ime,  the HOMOs of the t r ip le t  s t a t e s  of the A and B f o r m s  p rac t i c a l l y  coin- 
cide, and as a r e su l t  the opening of the p y r a n  r ing becomes  a p e r m i t t e d  p r o c e s s .  Thus, the t rans i t ion  f r o m  
the open f o r m  (A) into the  c losed f o r m  03) of ch romene  mus t  take p lace  through exci ted s ta tes  with the 
pa r t i c ipa t ion  of t r i p l e t  l eve l s  of both the c losed and the open f o r m s .  

In the case  of 1 .2-dihydronaphthalene.  the HOMOs of the c losed (A) and open (B) f o r m s  c o r r e l a t e  
both in the ground s ta te  (So) and in the f i r s t  t r ip le t  s ta te  (T1) (Fig. 1). On this  bas i s ,  it m a y  be concluded 
that  the c leavage of the C1--C 2 bond is p e r m i t t e d  in the ground and in the exci ted s ta tes ,  i .e. ,  i , 2 -d ihyd ro -  
naphthalene should p o s s e s s  pho tochromic  and t h e r m o c h r o m i c  p r o p e r t i e s .  Unlike i ts  pho toch romism [7, 8], 
the t h e r m o c h r o m i s m  of 1 ,2-dihydronaphthalene has  neve r  been invest igated.  

The Open F o r m s  (B-E). The p r e s e n c e  of a b road  s t ruc tu ra l  absorp t ion  band in the 400-500 nm r e -  
gion for  the open f o r m s  of the ch romenes ,  th iochromenes ,  and dihydroquinolines is connected [5, 10] with 
the ex is tence  of s e v e r a l  s t e r e o i s o m e r s  the equi l ibr ium between which depends on the t e m p e r a t u r e  and the 
solvent .  

IB(cis-s-cis) Ic(cis-s-trans) ,D (trans-s-trans) IE(trans-s-as) 

We have  p e r f o r m e d  a calcula t ion of the s p e c t r a  of all  four  a l lyl idenecyclohexadienone i s o m e r s  of 
c h r o m e n e  (IB-IE) by  the  P P P  method.  The ca lcula ted  energ ies  of the long-wave  spec t r a l  t r ans i t ion  a r e  
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T A B L E  1. S lng le t : -  S lng le t  E l e c t r o n i c  T r a n s i t i o n s  of t he  C l o s e d  F o r m s  
(A) of  2H-Cia romenes ,  T h i o c h r o m e n e s ,  and  1 , 2 - D i h y d r o q u i n o ! i n e s  

Calculation Experiment 
Cornpoundl 

hE, eV f AE, eV f solvent 

1 

i b 

-11 

111 

IV 

V 

V1 

Vll 

VIII 

IX 

X 

Xlb 

4.16 
4.98 
3,,~ 
4,10 
4.32 
3,61 
4,O6 
4,79 
3,51 
3.98 
4,5O 
3,91 
4.26 
4.68 

4,17 0,07 
4.90 0,11 
5,85 0,16 
4,38 0,09 
4,52 0,02 
5,36 0.02 
4,12 0,07 
4~63 0~00 
4,73 9,09 
3,92 0.O2 
4.54 0.01 
5,11 o,00 
3~78 0,04 
4,42 O.Ol 
5,00 0,03 
3.85 0,08 
4,75 0,04 
5,59 O,O5 
4,21 0.10 
4.45 0,01 
4,78 0,01 
4.t5 0,06 
4,57 0,09 
5,44 0,46 
3.74 O, 13 

0,08 
0.04- 
O,OS 
0,07 
0,18 
0.68 
0,06 
0,46 
0,04 
0,01 
0,03 
0.12 
0,01 
0,02 

4,00 
4,68 

4.00 
4,68 

3,82 - 
4.35 

3;58 

3,58 

-4.05 

3,57 
3,95 

3,40 
3,93 
4.39 
3.47 

4.50 

4;20 

0,02 a 
0,03 

0.02" 
0,03 

0,02 
o,01 

0,10 c 

0.t0 c 

0,04 

0,08 
0,04 

0.Ol 
0.Ol 
O.O6 
0.O7 

0,21 

0,09 

Isopentane [2! . 

Isopentane [2] 

tsopentane, ptopan- 
2-ol [4] 

Dioxane [5] 

Dioxane [5] 

Dioxane d 

Ethanol [24] 

Ethanol [1] 

3-Methyl- 
pentane [3] 

3-Methyl- 
pen~ane [17] 

a T h e  a b s o r p t i o n  and i n t e n s i t i e s  of  the  bands  a r e  t a k e n  f r o m  i n f o r m a -  
t i on  on the  s p e c t r u m  of 2 , 2 - d i e t h y l c h r o m e n e .  b C a l c u l a t e d  by  the  CNDO 
me thod :  fo r  (I) and (V) a l l  t r a n s i t i o n s  of  the  ~rv* type .  The  o t h e r  c a l c u -  
l a t i o n s  b y  t h e  P P P  m e t h o d .  CThe a b s o r p t i o n  and i n t e n s i t i e s  of  the  bands  
w e r e  t a k e n  f r o m  i n f o r m a t i o n  on the  s p e c t r u m  of 2 . 2 , 4 - t r i m e t h y l - l . 2 - d i -  
h y d r o q u i n o l i n e ,  dThe  a b s o r p t i o n  and i n t e n s i t i e s  of t h e  bands  w e r e  t a k e n  
f r o m  the s p e c t r u m  of N - a c e t y l -  2 , 2 , 4 - t r i m e t h y l -  1 . 2 - d i h y d r o q u i n o l i n e .  

T A B L E  2 

Isomer 

~ ,  eV j, 

1B 1 IC 

2,77 3,05 
0.10 0,22 

'~ t 1E 

3,08 3,04 
0,28 0,23 

g iven  in  T a b l e  2. The  r e s u l t s  of  t h e  c a l c u l a t i o n s  show tha t  t he  i s o m e r s  I C - I E  a r e  i n d i s t i n g u i s h a b l e  in the  
r e g i o n  of  t h e  l o n g - w a v e  a b s o r p t i o n ,  and  the  i s o m e r  IB m u s t  u n d e r g o  r a p i d  s - e i s - t r a n s  i s o m e r i z a t i o n  b e -  
c a u s e  of  i t s  s t e r i c  h i n d r a n c e .  In  v iew of  th i s .  t he  d i f f u s e n e s s  of t he  l o n g - w a v e  a b s o r p t i o n  band  of  t h e  pho to  
f o r m s  of t he  c h r o m e n e s  m u s t  b e  c o n n e c t e d  e i t h e r  wi th  f e a t u r e s  of the  a p p e a r a n c e  of a v i b r a t i o n a l  s t r u c t u r e  
o r w i t h  i n t e r m o l e c u l a r  e f f ec t s .  The  c a l c u l a t e d  s p e c t r a l  c h a r a c t e r i s t i c s  (the e n e r g i e s  of  t he  t r a n s i t i o n s  and 
t h e i r  i n t e n s i t i e s )  of the  i s o m e r s  B and C a r e  g iven  in  T a b l e  3, t o g e t h e r  wi th  t he  a v a i l a b l e  e x p e r i m e n t a l  r e -  
s u l t s .  The  a g r e e m e n t  b e t w e e n  the  v a l u e s  c a l c u l a t e d  by  bo th  t he  m e t h o d s  u s e d  and the  e x p e r i m e n t a l  v a l u e s  
i s  f a i r l y  good.  The  f i r s t  two s i n g l e t s  of the  open f o r m  of  e h r o m e n e  (I) and  of  1 . 2 - d i h y d r o q u i n o l i n e  (V) 
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TABLE 3. S ing le t -S ing le t  E lec t ron ic  Trans i t ions  of th e Open F o r m s  
(13 and C) of the 2H-Chromenes ,  Thiochromenes ,  and 1 ,2-Dihydro-  
quinolines 

I Calculation 
Com- i isomer B . I._ isomer C ._ 
pound !--~E, eV ----f----  AE, eV f 

I 

. i  b 

H 

III 

IV 

V 

v b 

Vl 

Vtl 

VIII 

IX 

X 

XI b 

2,77 1 0,10 3,82 0,06 
4,82 O, I 0 
2,68  0,06r 
3,49 0,0tc 
3,89 0,04c 
,60 0 19 

3,79 0,17 
4,24 0,13 
1,85 0,05 
3,t I 0,04 
3,64 0'03 
1,85 0,06 
2,85 0,04 
3,39 0,02 
2,71 0,09 
3,83 0,03 
4.61 0,08 

2.44 ~ 0,I0 
3,62 { 0'06 

I 4,27 10'02 
3,12: I 0,06 

: 3,57 | 0,03 
4,36 I 0,20 
2,05 i 026 
2,95 { O,O8 
3,64 t 0,18 
2,68 1 0 , i 4  
3,83 ] 0,01 
4,1t ! 012 
1,76 0,06 
3,13 { 0,01 
3,25 0'04 
2,20 0,00~ 
2 74 0,09( 
3,59 t 0'01( 

3,05 0,22 
4,00 0,16 
5,04 0,18 
3,00 0,20 c 
4,01 0,22r 
4,88 0,0O d 
2,61 0,37 
3,86 0,12 1 
4,13 0,0t I 
2,36 0,19 
3,38 0,06 
3,52 0,03 
2,27 O, 16 
2,99 0,05 
3,45 0,08 
3,02 0,24 4,O6 0.08 
4,25 0,15 
2;90 0,21 c 
4,07 0,16c 
4,55 0'00 d 
2.69 0;22 
3,81 0,16 
4,~5 0,O2 
3,35 0,22 
3,71 0,II 
4,40 0,30 
2,53 0;20 

3,12 0,14 
3,63 0 10 
2,91 0,32 
4,05 0,02 
4,31 0,t9 

�9 2,23 0,24 
3,46 0,08 
3,52 0,09 
2,29 0,00 g 
2,86 0,3~ 
3,77 0,01 c i 

Experi ment 

AE, e V  

2,68 a 
3,52 

2,68 a 
3,52 

2,18 
3,10 
3,44 

3,02; 3,26e 
&72 

3,02; 3,26 e 
3,72 

2,84; 2,95 f 

3,16 

2,91 
3,88 

3,02 

solvent 

Isopentane [2] 

Isopemane [2] 

Isopent ane, propan- 
2-ol [41 

Dloxane [5] 

Dioxane [5] 

Dioxarm 

3-Methylpentane [3] 

3-Methylpentane [3] 

Isopentane [7] 

a T h e  a b s o r p t i o n  and  t h e  i n t e n s i t i e s  of  t h e  b a n d s  w e r e  t a k e n  f r o m  i n f o r -  

m a t i o n  on  t h e  s p e c t r u m  of 2 , 2 - d i e t h y l c h r o m e n e .  b C a l c u l a t i o n  by  t h e  
C N D O  m e t h o d ,  t h e  o t h e r  c a l c u l a t i o n s  b e i n g  b y  t h e  P P P  m e t h o d .  Crr~* 

t r a n s i t i o n ,  d~r(r* t r a n s i t i o n ,  e T h e  a b s o r p t i o n  and  i n t e n s i t i e s  o f  t h e  

b a n d s  w e r e  t a k e n  f r o m  i n f o r m a t i o n  on t h e  s p e c t r u m  of  2 , 2 , 4 - t r i m e t h y l -  
1, 2 - d i h y d r o q u i n o l i n e .  f T h e  a b s o r p t i o n  and  i n t e n s i t i e s  of  t h e  b a n d s  w e r e  

t a k e n  f r o m  i n f o r m a t i o n  on t h e  s p e c t r u m  of  N - a c e t y l - 2 , 2 , 4 - t r i m e t h y l - l , 2 ,  
d i h y d r o q u i n o l i n e ,  g ( r ~  t r a n s i t i o n .  

T A B L E  4. r r - E l e c t r o n i c  C h a r g e s  o f  t h e  G r o u n d  (So) and  F i r s t  S i n g l e t  

E x c i t e d  (Si) S t a t e s  o f  t h e  O p e n  F o r m s  of  C h r o m e n e ,  1 , 2 - D i h y d r o q u i n o -  
l i ne ,  and  T h i o e h r o m e n e  O b t a i n e d  b y  t h e  P P P  M e t h o d  

Struc- 
ture No. 

IB VB IIIB 

So Sj So Sl So $1 

1 -0,428 
2 0,232 
3 - 0,022 
4 0,01 l 
5 -0,011 
6 0,040 
7 . --0'011 
8 0,119 
9 0,018 

10 0,052 

--0,418 
0,153 

--0,015 
0,083 
0,104 

--0,00l 
0,122 

--0,072 
0'039 
0,005 

- 0,274 
0,142 

-0,014 
0,008 

-0,006 
0,028 

-0'007 
0,078 
0,010 
0,036 

-- 0,259 
0,076 

-- 0,006 
0,054 
0,069 
0,000 
0,081 

--0,O48 
0,026 
0,008 

--0,415 
0,131 

--0,011 
0,019 

--0,003 
0,044 
0,007 
0,130 
0,020 
0,077 

-- 0,084 
0,055 

--0,018 
0,016 
0,014 
0,017 
0,049 

-- 0,055 
0,025 

--0,020 
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Fig. 1. The highest  occupied m o l e c u l a r  orb i ta l s  of the ground 
(So) and f i r s t  t r i p l e t  (T1) exci ted s ta tes  of the c losed and open 
f o r m s  of 2H-eh romene  (IA and IB) and of 1 ,2-dihydronaph-  
thalene (XIA and XIB). The open c i r c l e s  co r r e spond  to pos i -  
t ive and the f i l led- in  c i r c l e s  to negat ive values  of the coef-  
f ic ients  fo r  the a tomic  orb i ta l s .  The a r e a  of each c i r c l e  is 
p ropor t iona l  to the value of the coefficient .  

TABLE 5. S ing l e t -  T r ip l e t  (S 0"  T1) Elec t ronic  Trans i t ions  of Chro-  
menes ,  Th iochromenes ,  1,2- Dihydroquinolines,  and 1,2- Dihydro-  
naphthalene 

Charac- 
teristics 

1 

I a 

II 

I l l  

IV 

u 

V a 

Formula A 

2,43 
3,33 
3,51 
2,82 b 
3,80 b 
3,96 b 
2,34 
3,29 
3,47 ! 
2,56 
3,60 
3,89 
2,50 
3,48 I 
3,76 
2,42 
3,32 I 
3,57 
2,64b 
3 76. b 
3;92 b 

AE, eV Charac- 
teristics 

IX 

X 

XI 

XI a 

AE, eV 

formula A formula formula C 

1,01 
2,39 
3,24 
1,49b 
2,44b 
3,30 c 
0,94 
2,36 
3,2t 
0,22 
2,21 
2,87 
0,24 
2,18 
2,81 
0,89 
2,44 
3,40 
1,24b 
2,47b 
3,31 c 

VI 

VII 

VIII 

2,56 
3,48 
3,81 
2,08 
3,11 
3,58 
2,19 
3,18 
B,63 
1,95 
2,58 
3,24 
2,04 
2,82 
3,41 
2,57 
8,63 
3,98 
2,36 b 
3,55 b 
3,81 b 

0,92 
2,38 
3,36 
1,52 
2,45 
3,48 
0,51 
2,04 
3,71 
1,43 
2,56 
3,19 
0,41 
2,00 
3,36 
0,69 
2,49 
3,01 
0,38 b 
2,29 b 
2,93 D 

aca lcu la t ion  by the CNDO method: other  calculat ions by the P P P  
method,  b~r~r* t rans i t ion,  c ~ * t r a n s i t i o n ,  da~ .  t rans i t ion .  

r e l a t e  ~r* t rans i t ions ,  which follows f r o m  the calculat ions by the CNDO method.  In the case  of 1,2-dihy- 
dronaphthalene (XI), a forbidden o~r* t rans i t ion  is r espons ib le  for  the f i r s t  s inglet  s ta te .  The second and 
th i rd  s inglets  r e l a t e  to ~ *  s ta tes .  In all  the i s o m e r s  of type C, the ca lcula ted  absorp t ion  band m a x i m u m  
is shifted hypsochromiea t ly  by  0.3-0.4 eV re l a t ive  to the i s o m e r  B. 

When in the open f o r m s  of type B oxygen is r ep laced  by sulfur  and selenium, the long-wave m a x i m u m  
shif ts  ba thochromica l ly  by  100-120 nm [1, 4]. Calculat ion c o r r e c t l y  p red ic t s  these  f ea tu res  of the abso rp -  
t ion spec t r a .  The r e su l t s  of the calculat ions a lso  p e r m i t  an explanation of the unexpected hypsoehromie  
shift  in the s p e c t r u m  of 5, 6 - b e n z o - 2 H - c h r o m e n e  and 5, 6 -benzo-2H- th iochromene  (VII, VIII) as c o m p a r e d  
with (I, III). At the s a m e  t ime,  the fusion of a benzene nucleus in the 7,8 posi t ion (compounds (IX) and {X)) 
leads  to a ba thoehromic  shif t  of the long-wave max imum.  

The na ture  of t h e ! o n g - w a v e  absorp t ion  of the open f o r m s  is  of spec ia l  in teres t ,  s ince it  is just  this  
absorp t ion  that  d e t e r m i n e s  the  p r o p e r t i e s  of the photochromic  sy s t em.  The m o l e c u l a r  d i ag rams  show the 
((T+v)-eleetronic charges  and the bond indices of the ground (S0) and the f i r s t  s inglet  exci ted (S~) s ta tes  of 
the i s o m e r  C of the open f o r m  of the eh romene  (I) calcula ted by the CNDO method.  O n S 0 - S  1 excitation, a 
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t r a n s f e r  of e lec t ron  densi ty  (about 0.25 of an e lec t ron)  f r o m  the benzene r ing to the c~-carbon a tom of the 
s ide chain takes  p lace .  The dipole m om en t  v a r i e s  insignif icantly on excitation, which l e a d s t o t h e  absence 
of so lva toch romism.  

0 - 0,005 - O.013 
H H H 

- 0 , 0 7 ~  T_otlg 3 .-~" ~r_o,14 ~ H 

io_ $ I | " o, oo2 

Ac'O.o. .o o I,, o M H ~ ~  O,0~I 

O~OO, Y o , 4 4 ;  "?___ 
- 0,263 

t ~ ) J g : 3 , 3 5 D  
H 0~0~1 

I C., S o 

o - o.oo~ - 0.o13 

H H 

0,003 10,060 LO.O~5 . I0.03, 

o,osgl  " - T - O , ~  " -r-o,~o6 H 

A:-,__,o H 

I ' ~ e  : 4 ,45  O 
O,2O7 

H 

o,o- IC , S, 

The influence of the he t e roa tom X on the f i r s t  e lec t ronic  t rans i t ion  can be de t e rmined  by making use  
of the f igures  of Table  4, which gives the v - e l e c t r o n i c  cha rges  of the ground and f i r s t  s inglet  excited s ta tes  
of 2H-chromene ,  2H- th iochromene.  and 1.2-dihydroquinoline.  On S0-S 1 excitation, the charge  on the oxygen 
a tom {for chromene)  and the ni t rogen a tom (for 1,2-dihydroquinoline) s c a r c e l y  changes.  At the s a m e  t ime,  
on excitation, the sulfur  a tom (in the case  of th iochromene)  loses  0.35 unit of e lec t ron  densi ty act ively  
pa r t i c ipa t ing  in conjugation, which leads  to a ba thochromic  shift  of the long-wave  m a x i m u m  of 2H-thio- 
eh romene  r e l a t ive  to 2H-eh romene  and 1.2-dihydroquinoline.  

The ene rg ie s  of the s ing le t - - t r i p l e t  t r ans i t ions  of the open and closed f o r m s  of the compounds inves t i -  
gated as ca lcula ted  by the CNDO and P P P  methods  a re  given in Table 5. A knowledge of the absorpt ion and 
the na ture  of the t r ip le t  s t a t e s  is  p a r t i c u l a r l y  impor tan t  s ince,  according  to the point of view accepted  at 
the present time. valence isomerism of the A ~ B type takes place by a ]A0-~IA,-+3A,-+~B0: mechanism, i.e., 
through an intereombinational conversion from the triplet state of the cyclic form A [18. 19]. In the case 
of the ehromenes, apart from those containing a nitro group in the nucleus [20]. fluorescence is absent. 
Therefore the experimental possibilities of determining the positions of the triplet levels are limited. 

As can be seen from Table 5, the energy of the S0-T ~ transitions calculated by the CNDO method are 
0.3-0.4 eV higher than those obtained in the v-electron approximation. The first two triplets of all the 
compounds investigated with the exception of 1,2-dihydronaphthalene (XI) belong to the ~ *  type. The second 
triplet state of 1,2-dihydronaphthalene is a cnr* transition. 

The first triplet state of the closed form of the thiochromene (III) lies 0.15 eV above that for the 
chromene (1). This result is extremely important in the analysis of the photochromic behavior of the spiro- 
pyranothiopyrans considered in the following paper [25]. 
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