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The poss ib i l i ty  of the use of the method of co r re l a t ion  pleiads fo r  the isolat ion of the ab-  
sorp t ion  reg ions  in the IR s pec t r a  of subst i tuted 1 ,3-d ioxanss  in which the cha r ac t e r i s t i c  
absorp t ion  bands fo r  the individual s t e r e o i s o m e r s  of the subs tances  appea r  was studied. 
It is shown that  the conf igurat ions  of the invest igated compounds can be de te rmined  on 
the bas i s  of the c h a r a c t e r i s t i c  absorp t ion  bands by instruct ing a compute r  to dis t inguish 
fo rms .  

The c h a r a c t e r i s t i c  absorp t ion  bands of the cis  o r  t r ans  i s o m e r s  in the IR spec t r a  of s t e r e o i s o m e r i c  
subst i tu ted 1 ,3-dioxanes  [2] a r e  found at  600-700 c m  -1. It has been found to be imposs ib le  to find r eg u l a r  
changes in the IR s pec t r a  of g e o m e t r i c a l  i s o m e r s  in the shor twave  region when the usual methods of spec -  
t r a l  ana lys i s  a r e  used. 

The p resen t  communica t ion  is devoted to a study of the poss ib i l i ty  of the use  of the theory  of r e c o g -  
nition of f o r m s  by means  of a compu te r  fo r  the analys is  of the IR spec t r a  of cis and t r~ns i s o m e r s  of sub-  
s t i tuted 1 ,3-dioxanes  and for  finding the m o s t  in format ive  absorp t ion  bands for  the individual s t e r e o i s o m e r s .  
We think that  the m a t h e m a t i c a l  appara tus  of this method may  prove  to be useful  in invest igat ions of this sor t .  

The se t  of absorp t ion  bands in the IR spec t r a  of these  compounds was used as  the s ta r t ing  informat ion 
regard ing  the e is  and t r ans  i s o m e r s  of 2 ,5 -d ia lky l - ,  2 ,5 ,5 - t r i a lky l - ,  4 ,5-d ia lkyl - ,  and 2 ,5 -d i a lky l -5 -a lkoxy-  
a l k y l - l , 3 - d i o x a n e s ,  the configurat ions of which were  proved  prev ious ly  by PMR spec t roscopy  (for example ,  
see  [3]}. 

In the f i r s t  s tep we evaluated the informat ive  c h a r a c t e r  of the e lements  of this descr ip t ion  in o rde r  
to se l ec t  the wave numbers  containing the g r e a t e s t  amount  of informat ion  regard ing  the m o l e c u l a r  con-  
f igurat ion.  We s imul taneous ly  inves t igated the co r r e l a t i on  re la t ionships  between the mos t  informat ive  ab -  
sorp t ion  bands.  We used the method of c o r r e l a t i o n  pleiads [4] to evaluate  the co r r e l a t i on  dependences be-  
tween the wave number s  and the groupings  of the la t te r .  This  made it poss ib le  to isolate  groups  of wave 
number s  that  a r e  in t imate ly  c o r r e l a t e d  with one ano ther  or  a r e  not c o r r e l a t e d  by a r e  close in value.  The 
ex is tence  of groups  of the f i r s t  type can be explained by the fac t  that  in the s e r i e s  of subst i tuted 1 ,3-d i -  
oxanes  under  cons idera t ion  these  bands have an identical  tendency to undergo change as  a function of the 
type of i somer .  The exis tence  of the second group follows f r o m  the a s sumpt ion  that  the absorp t ion  bands 
of the individual e l ements  of the s t r u c t u r e  a r e  shifted on pass ing f r o m  one compound to another .  In both 
ca se s ,  each such group  of wave numbers  can be r e p r e s e n t e d  by one wave number .  

The p r i m a r y  informat ion  on the informat ive  c h a r a c t e r  of the individual absorpt ion  bands was r e p r e -  
sented as  a m a t r i x  with absorp t ion  bands with spacings  of 10-12 cm -1 cor responding  to its columns and in- 
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dividual compounds corresponding to its rows. The entire absorpt ion region was thus broken down into 50 
intervals.  In this case ,  all of the absorpt ion bands present  in the spec t rum for  concre te  compounds were 
r eco rded  in the corresponding intervals,  while the remaining intervals were  filled with zeros .  

Let  us now imagine that a cer ta in  set of random values x is fixed. We will isolate the maximum and 
minimum values,  and we will divide the interval between them into k parts .  We next cons t ruc t  k vec tors  
Yl = (Yn . . . . .  YlN) and Yk = (3~kl . . . . .  YkN), which correspond to these intervals.  For  this, we will take x 1 as the 
f i r s t  component of that vec tor  in the interval  of which it lies, and~we will set the f i rs t  components of the 
remaining vec tors  equal to zero .  We then deal with the remaining random x values in the same way. 

We note that the cor re la t ive  cha rac t e r  of random values Yt . . . . .  Yk will be close to zero  in the gen-  
era l  case .  

An analysis  of the mat r ix  of the cor re la t ive  cha rac t e r  of the absorpt ion bands showed that p rec ise ly  
the adjacent absorpt ion bands pract ica l ly  do not cor re la te .  This is not difficult to understand if one takes 
into account the fact  that absorpt ion bands of this sor t  a re  mos t  frequently a shifting of cer ta in  vibrations 
assoc ia ted  with the appearance  in the molecule of some new s t ruc tura l  element. Hence, ar t i f ic ia l  b reak-  
down of the entire absorpt ion region into narrow intervals may dis tor t  the picture.  To eliminate this, we 
used the method indicated above to isolate the absorpt ion regions corresponding to the cor re la ted  intervals,  
which a re  also co r re la t ed  wave numbers .  

The set of cor re la ted  signs of the groups will give a simplified descr ipt ion of the objects under in- 
vestigation, in this case  the cis and t rans  i somers  of 2,5-subst i tuted 1,3-dioxanes,  with minimal losses  of 
information. 

To evaluate the informative cha rac te r  of the indexes (the wave numbers) of the i somers  we use the 
following express ions :  

s(i>= Ip,~l; R(/)= ~ p , j ,  i=(1 ....  ,n) 
~=i j=1 (I-) 

where Pij is the coefficient of correlation between the i-th and j-th wave numbers, and n is the number of 

indices [4, 5]. Those wave numbers that are the form of the group with a high level of correlation in ab- 

solute magnitude are isolated in the first expression as the most informative wave numbers. Indices, the 

corresponding groups of which contain frequencies that are correlated in pairs primarily with positive 

correlation coefficients, are preferred in the second expression. These groups are more uniform from 
the point of view of the character of the linear dependence between them. The S(i) and R(i) functions can 

be considered to be a measure of the informational value of the i-th wave numbers. The results of treat- 

ment of the mat r ix  of the start ing data and the S(i) and R(i) values a re  presented in Table 1. 

In conformity with the algori thm for  a r r angement  of the indices in the o rder  of decreasing informa-  
tive charac te r ,  the index for  which S(i) takes on the g rea tes t  value is isolated f i rs t .  The R matr ix  was 
then converted by using the express ion  of part ial  cor re la t ion  [6] in o rde r  to eliminate the effect of the 
isolated index on the preceding spacing. This operat ion was repeated until all  of the indices had been 
thoroughly ar ranged.  By vir tue of the fact  that the effect of the previously isolated indices is eliminated 
in each spacing, the S(i) and R(i) functions a re  not monotonically decreasing functions. 

It is apparent  f rom Table 1 that the absorpt ion bands at 470-480, 1380-1390, 1180-1190, 1260-1270, 
570-580, and 660-670 cm -1 bear  the g rea tes t  information regarding the affiliation of the sample with the 
cis or  t rans  ser ies .  The absorpt ion bands at 1000-1170 cm -I,  which, however, according to the data in [7], 
a re  charac te r i s t i c  for  the 1,3-dioxane ring, a re  of somewhat l e s se r  informational value. The express ion 
for  the determinat ion of R(i) isolates the absorpt ion bands at 1100-1110, 585-595, 1120-1130, 1150-1160, 
and 1380-1390 cm -1 as the mos t  informative bands. 

The methods of the theory  of graphs,  in par t icular ,  the a lgor i thm for  the isolation of the maximum 
full and empty subgraphs by means of a Minsk-32 computer ,  were  used to const ruct  the groups of wave 
numbers  [8]. A prelLminary analysis  of the data in Table 2 indicates that the start ing set of f requencies  
prac t ica l ly  does not contain groups of intimately cor re la ted  indices. 

Those indices for  which Pi] - 0.5 were  considerd  as  intimately cor re la ted  indices. This threshold 
was selected a rb i t r a r i l y  to a considerable  degree,  inasmuch as the groups of indices for which Pij < 0.5 
also can be used as informative groups,  but the e r r o r  in discr iminat ion due to losses  of information during 
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TABLE 1. R e s u l t s  of A r r a n g e m e n t  of the A b s o r p t i o n  Bands  of the 
IR Spec t ra  in  the O r d e r  of D e c r e a s i n g  I n f o r m a t i o n a l  Value  for  
2 , 5 - D i a l k y l - 1 , 3 - d i o x a n e s  

Frequency No. of s(o Frequency range No. of 
range for 8(9 bands for R(9 bands n(0 

470--479 
660---670 
540--550 

1030--1040 
1410-1420 
850--840 

11'20---1130 
12Z5---1240 
970--980 

lllO--ll20 
1190--1200 
640--660 
500-.~520 
580--590 

1140--1150 
1390.---1400 
570--580 

1380--1390 
1450--1460 
1260--1270 
1180--1190 
1240--1250 
1210--1220 
1040-- 1050 

i 50 
40 
45 
26 
4 

36 
21 
12 
30 
22 
15 
41 
48 

16 
11 
13 
25 

20,56 
11,42 
10,94 
tl,53 
11,28 
10,48 
10,47 
10,65 
10,08 
9,66 

10,01 
9,96 

1~09 
10,53 
11,27 
12,08 
13,99 
15,55 
12,46 
14,49 
14,82 
13,07 
12,20 
3,55 

1100--II10 
585--595 

I190---1200 
11.20--1130 
489--490 

1240--1250 
t140--1150 
1470--1480 
1380--1390 
1t50--1160 
1460--1470 
95(I--960 
660--67O 
530--540 

1260--1270 
1290--1310 
780-750 

1150--1170 
919--920 

1010~1020 
550--570 
520--530 

1370--1380 
699--700 

6,8 
5,2 
4.13 
2,97 
2,68 
1,89 
2,08 
1,95 
1,61 
1,74 
1,66 
1,28 
1,28 
1,08 
1,38 
1,15 
0,8 
0,91 
0,98 
0,66 
0,58 
0.51 
0,55 
0,44 

TABLE 2. Grouping  of the A b s o r p t i o n  Bands  as  a F u n c t i o n  of 
the Coef f ic ien t  of P a i r  C o r r e l a t i o n  be tween  T h e m  

Group No. Frequency groups 

6 
7 
8 
9 

10 
ll 
12 
13 

1385--t400, 
690--700, 

Intimately correlated 

1380--1385, 1370--1380 
670 --680, 660-- 670, 

Weakly correlated 

1470--1480, 1450--1470, i450--1460, 
1290--1310, 1260--1270 
1250--1260, 1240--1250, 1220--I~40, 
1200--1210, 1190--1200,  i180--1190, 
1160--1170, 1.150--1160, 1,140--1150, 
Ii10--1120 
1100--1140, 1060--1080, 1040--1050 
t039--1040, 1020--1030 
1010--1020, 990--1010, 970--980 
960--970, 940--960, 910--930 
860--880, 830--850, 730--830 
590--600, 570--599, 550 570 
540--550, 530--540, 520--530 
500~520, 480--500, 470--480 

640--660 

1420--1440 

121C--1220 
1170--1180 
1120--1130 

r e m o v a l  of s o m e  of the ind ices  f r o m  the g roup  is c o n s i d e r a b l y  l a r g e r  in th i s  c a s e  (Table 3). We note  that  
the  c o r r e l a t i o n  m a t r i x  was  a l m o s t  devoid of s t r o n g l y  c o r r e l a t e d  ind ices .  Th i s  can  be exp la ined  by the fac t  
tha t  the c o r r e l a t i o n  was  m a d e  be tween  ind iv idua l  a b s o r p t i o n  bands  of the c o r r e l a t e d  wave n u m b e r  r a t h e r  
t han  b e t w e e n  the a b s o r p t i o n  bands  due to a s t r i c t l y  d e t e r m i n e d  f o r m  of v i b r a t i o n s  of a ny  s t r u c t u r a l  e l e -  
m e n t  o r  bond. The  r i g o r o u s  a s s i g n m e n t  of the c o r r e l a t e d  a b s o r p t i o n  bands  in the IR s p e c t r a  of the i n v e s -  
t i ga t ed  s u b s t a n c e s  would  n a t u r a l l y l e a d  to b e t t e r  r e s u l t s  in  d i s c r i m i n a t i o n .  However ,  th i s  s o r t  of a s s i g n -  
m e n t  by c a l c u l a t i o n  of the v i b r a t i o n s  is as  ye t  dif f icul t .  

Two g r o u p s  of i n t i m a t e l y  c o r r e l a t e d  ind ices  w e r e  i so la ted .  The coef f ic ien t  of the c o r r e l a t i o n  be -  
tween  each  p a i r  of wave  n u m b e r s  is  g r e a t e r  o r  equa l  to 0.7 in the f i r s t  g roup  a nd  g r e a t e r  o r  equal  to 0.5 in  
the second .  The c o r r e l a t e d  ind ices  a s  func t ions  of t h e i r  e l e m e n t s  c a n  be brought  into l lne  wi th  each  of the 
g r o u p s .  F o r  th i s ,  one can,  fo r  example ,  use  r e g r e s s i o n  a n a l y s i s .  

It is  a p p a r e n t  f r o m  Tab l e  2 tha t  t h e r e  a r e  a c o n s i d e r a b l e  n u m b e r  of g roups ,  the c o r r e l a t i o n  wi th in  
which  is l e s s  than  o r  equa l  to 0.2. Th i s  is not  d i f f icul t  to u n d e r s t a n d  if one t akes  into accoun t  the fact  tha t  
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T A B L E  3. R e s u l t s  of D i s c r i m i n a t i o n  of the  C o n f i g u r a t i o n s  of  Subs t i t u t ed  1 , 3 - D i o x a n e s  

A l g o r i t h m s  

Me thod  of p o t e n t i a l  func t ions  
A l b e g a  
L i n e a r  p r o g r a m m i n g  

Error in d i s c r i m i n a t i o n  of the  c o n f i g u r a t i o n  of c o m p o u n d s  f o r  
v a r i o u s  a l g o r i t h m s  (in %) 

2,4,5-trialkyl- and  2,5-dial- 
2 , 4 , 5 - t r i a l k y l -  1 , 3 - d i o x a n e s  k o x y a t k y l - l , 3 - d i o x a n e s  

m i n i m a l  se t :  
15 f r e q u e n c i e s  

17 

31 

40 

c o m p l e t e  s e t  
of f r e q u e n c i e s  

25 
10 
40 

c o m p l e t e  s e t  
of f r e q u e n c i e s  

16.3 

23 

33 

m i n i m a l  se t :  
15 f r e q u e n c i e s  

30 
20 
50 

T A B L E  4. A r r a n g e m e n t  of the  A b s o r p t i o n  R e g i o n s  in O r d e r  of 

D e c r e a s i n g  I n f o r m a t i v e  C h a r a c t e r  

2,4,5-Trialkyl-l,3- 2,5-A lkoxyalkyl-l,3- !2,4,5-Trialkyl- and 2.5-dial- 
dioxanes dioxanes ikyl- 5- alkoxyalkyl-l,3- dioxane 

w ave number 
region 

No. of 
bands 

47 
46 
40 
29 
5O 
31 
5 

48 
3O 
42 

] 
510--520 48 
520--549 45 
650--670 4'2 
990--1010 ~, 
470--480 
96O--970 40 

1390--[400 14 
500--510 37 
680--690 32 
60-0 --620 7 

No. of wave number 
bands region 

53'3--510 
54'0--560 
600--620 
630--640 

1,14,0--1150 
650--670 

1190--1200 
800 --820 
940--950 

1360- -1370 

No. of ~ave number 
bands region 

42 600~20 
1410--1420 

14 1290--1210 
5'50--560 
690--700 

36 830 --840 
32 940--950 
19 i150--1160 
17 l!60--1170 
11 t240--I556 

d e f o r m a t i o n  v i b r a t i o n s  of  m e t h y l  and  m e t h y l e n e  g r o u p s  a p p e a r  a t  1370-1400 c m  -1, whi l e  the  d i f f e r e n c e s  b e -  
t w e e n  the  i s o m e r s  r e d u c e  to a change  in the  o r i e n t a t i o n  of one of  the  s u b s t i t u e n t s  in the  5 - p o s i t i o n  of the  

1 , 3 - d i o x a n e  r ing .  

The  a b s o r p t i o n  a t  400-700 c m  -1 is  due to the  s k e l e t a l  v i b r a t i o n s ,  w h i c h  a r e  a p p a r e n t l y  a l s o  s e n s i t i v e  
to a change  in the  t h r e e - d i m e n s i o n a l  s t r u c t u r e  of the  m o l e c u l e .  The  l a t t e r  is  d i r e c t l y  a s s o c i a t e d  wi th  the  
a x i a l  o r  e q u a t o r i a l  o r i e n t a t i o n  of the  a l k y l  g r o u p  in the  1 , 3 - d i o x a n e  r ing .  The  wave  n u m b e r s  of the  a b s o r p -  
t i on  bands  in the  o t h e r  r e g i o n s  of the  IR s p e c t r a  a r e  w e a k l y  c o r r e l a t e d  {Table 2). It is  c h a r a c t e r i s t i c  tha t  
a l l  of the  a b s o r p t i o n  bands  a t  1000-1200 c m  - l ,  i . e . ,  the  " f i n g e r p r i n t  r e g i o n , "  which  is  not  s u i t a b l e  enough 
for the identification of organic substances, are related to them. In addition, the absorption bands observed 

in this region of the IR spectra are, according to the data in [2, 7], characteristic for 1,3-dioxane systems 

and are less subject to the effect or are not additive to the effect of a change in the vibrational coordinates 

of other atoms or groups of atoms of the molecules. 

The above reasoning is also in good agreement with the data of the quantitative algorithm for mini- 

mization of the descriptions. In this variant for the selection of the most informative wave numbers, the 

informative character of the wave numbers is evaluated by means of the following expression: 

PI f>2 

~ (2) 

w h e r e  ~i  is the  s t a n d a r d  d e v i a t i o n  of the  wave  n u m b e r  f r o m  the  a v e r a g e  va lue  in both  c l a s s e s ,  i .e . ,  in the  
i s o m e r s ,  s i m u l t a n e o u s l y  o-il and  o-i2 a r e  the  s t a n d a r d  d e v i a t i o n s  of the  w a v e  n u m b e r s  f r o m  the  a v e r a g e  in 
the  c i s  and  t r a n s  i s o m e r s ,  r e s p e c t i v e l y ,  and  P1 and 1)2 a r e  the  p r o b a b i l i t i e s  of the  c l a s s e s .  In th i s  c a s e ,  
we have  a s s u m e d  tha t  P1 = 1)2 = 0.5. The  i n f o r m a t i v e  c h a r a c t e r  of the  g r o u p s  of wave  n u m b e r s  c a n  a l s o  
be  e v a l u a t e d  f r o m  the  fo l lowing  e x p r e s s i o n :  

k P2 
P1 
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where I R], I R1], and I R2] are  the determinants  Of the ma t r i ces  of cor re la t ion  of the wave numbers  of the 
cis and t rans  i somers  in the ent ire  set of compounds and for each class  separately .  The informative cha rac -  
t e r  of the wave number  was calculated in each spacing of the operat ion of the algorittu~a f rom formula (2), 
and that wave number  for  which I ~ i  ) reaches  a maximum was selected.  Its effect was eliminated by means 
of a part ial  cor re la t ion  by the method descr ibed in [6], and the next wave number was selected in the same 
manner  in the set of remaining wave numbers.  This operat ion was ca r r i ed  out until all of the elements of 
the descript ion were  completely ar ranged.  The resul ts  of the t rea tment  of the blocks of start ing informa- 
tion are  presented in Table 4. As seen f rom this table, the absorpt ion bands at 570-670, 820-860, 960-980, 
1100-1200, and 12 80-1380 cm -1 a re  informative in the sense of the configurational ass ignment  of the in- 
vest igated compounds to the cis or  t rans  ser ies .  One is easi ly convinced that the set of wave numbers  p re -  
sented here,  which a re  the most  informative,  a r e  in sa t i s fac tory  agreement  with the data in Table 1. How- 
ever,  this method gives too broad intervals of wave numbers  (100 cm -1) in which one should seek the spec-  
t ra l  indices of the individual s t e reo i somers .  In this connection, it is less suitable in this form for  the solu-  
tion of the problem at band. In addition, the application of the quantitative algori thm of minimizat ion of the 
descript ion to the analysis  of the IR spectra  of s t e reo i somer ic  4,5-subst i tuted 1,3-dioxanes [9] gives na r -  
rower  absorpt ion regions (see Table 4). This same resul t  was obtained by joint analysis  of the IR spect ra  
of 2,5-  and 4,5-subst i tuted 1,3-dioxanes.  

Having at our disposal  data on the most  informative c h a r a c t e r  of the individual absorption bands in 
the IR spect ra  of cis and t rans-subs t i tu ted  1,3-dioxanes,  we set out to a sce r t a in  the possibil i ty of the r ec -  
ognition of cis and t rans  i somers  by means of a computer  [10]. For  this, we had to select  a cer tain algo- 
r i thm from the re la t ively large number  of a lgor i thms that a re  used in the recognit ion of fo rms  by means 
of a computer .  Considering the fact that there  a re  no s t r ic t ly  defined recommendat ions  with respec t  to the 
use of one o r  another a lgor i thm for  the solution of a concrete  problem, especial ly for the solution of our 
problem, we selected the method of potential functions [11], "Albega" [10], and l inear  programming [12]. 
Each of these a lgor i thms is charac te r i zed  by a cer ta in  measure  of allowance for  the topology of the sets.  

The instructional  sequence consis ted of 22 2,5-subst i tuted 1,3-dioxanes,  while the examining se -  
quence consis ted of 10 such 1,3-dioxanes.  The instruction was accomplished both with the complete set 
and with the set of the most  informative wave numbers  obtained as a resul t  of minimization. The resul ts  
of an analysis  of the examining sequence a re  presented in Table 3. It is apparent  f rom Table 3 that the 
e r r o r  in recognit ion of the configurations of the s t e reo i somer ic  substituted 1,3-dioxanes depends on the 
a lgor i thm used. The use of the "Albega" algori thm gives the best  resul ts  for the var ious  substituted 1,3- 
dioxanes. This can be explained by the fact  that it is p rec ise ly  this a lgor i thm that best  takes into account 
the topology of the sets of cis and t rans  i somers .  

The resul ts  of the examination indicate that the highest a c c u r a c y  in the configurational ass ignment  of 
the individual s t e r eo i somers  to the cis  o r  t rans  se r ies  by means of a computer  is achieved when the com-  
plete set of absorpt ion bands is used as  the start ing data. The e r r o r  in recognit ion in this case  ranges 
f rom 10 to 30%. As seen f rom Table 3, the recognit ion of the s t e r eo i somers  only with respec t  to 15 of the 
most  informative wave numbers  gives poorer  resul ts .  At f i r s t  glance, this contradicts  the above-s ta ted 
concepts regarding the set of the most  informative bands, but this is rea l ly  not so. In fact, f i rs t ,  a com-  
plete analysis  of a spec t rum is always more  informative than an analysis  of its parts;  second, the most  in- 
format ive  bands are  nonequivalent with respec t  to the i r  own spec t rum (reduction of the number  of them may 
give bet ter  results);  third, the deviations in the course  of the examination with respec t  to al l  of the bands 
and with respec t  to the most  informative bands a re  small  within the limits of the possibil i t ies of this meth-  
od. The fact  that the indicated bands are  the mos t  informative ones does not ra ise  any doubts and is addi- 
tionally conf i rmed by the fact  that the inclusion in the examination sequence of wave numbers  observed in a 
mixture  of i somers  leads to the ass ignment  by the computer  of subs tancess imul taneous ly  to both c lasses  
(i.e., to the cis and t rans  s e r i e s  simultaneously),  as  should be expected. 
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