
INVESTIGATION OF AROMATIC HETEROCYCLES 

XV.* COMPARISON OF THE SPECTRAL PROPERTIES OF ARENE-I,2,5-OXADIAZOLES, 

THEIR N-OXIDES, AND 4,5-DIHYDRO DERIVATIVES 

Z. V. Todres and B. E. Zaitsev UDC 547.793.2:543.422:546.65 

The resul ts  of an analysis  of the UV and IR spect ra  confirm the previously drawn conclusion 
regarding  the a romat ic  charac te r  of 1,2,5-oxadiazole derivat ives .  The spectra l  proper t ies  of 
naphth- l ,2 ,5-oxadiazole  and phenanthrene are  s imi lar ;  saturat ion of the double bond between 
the 4-  and 5-carbon atoms of the naphthalene r ing disrupts conjugation with the heterocycl ic  
fragment.  The introduction of a sulfo group into the 5-position does not substantially change 
the frequencies  and distribution of the IR absorpt ion bands. A difference in the effect of hy- 
droxyl groups in the 7- or 8-posit ions is revealed.  The spectra l  effects that accompany t r an -  
sition from a rene- l ,2 ,5 -oxad iazo les  to their  N-oxides are  analyzed. 

Compounds of the oxadiazole se r ies  are  current ly  being intensively studied. Interest  in them is 
evoked by a number of peculiar  proper t ies .  Thus 1,2,5-oxadiazoles are  unusually chemical ly stable and 
have astonishingly low basic i t ies .  The peculiar i t ies  of the s t ruc tures  of such oxadiazoles also affect their  
spectra l  cha rac te r i s t i c s  [2]. It is necessa ry  to study the spec t ra  of a se r ies  of compounds in o rder  to ob- 
tain a reliable corre la t ion  of the proper t ies  of this c lass  of compounds with the spec t roscopic  data. For  
this, we investigated the IR and UV absorption spect ra  of a number of naphth- l ,2 ,5-oxadiazole  (naphthofura- 
zan) derivat ives ( I - IV) .  

N - - O  

i II Il l  IV 

In previous communicat ions of this se r ies  we substantiated the point of view that the furazan r ing con- 
densed to the a romat ic  r ing has a closed ~-e lec t ron  sys tem.  If this is, in fact, the case, naphthof lurazan(I)  
should be s imi la r  to phenanthrene in a 7r-electron sense,  and the spec t ra  of these two compounds should have 
much in common. It is apparent f rom Table 1 that three bands, which are  close in position and intensity to 
the bands in the UV spect rum of phenanthrene [3], a re  observed in the UV spec t rum of naphthofurazano The 
Klar classif icat ion [4] was adopted to designate these bands. It is known that the express ion ~ / k f i  ~- 1.35 is 
satisfied for many polyeyclic  hydrocarbons  [4]. In the case of I, II, and naphtho- l ,2 ,5-se lenadiazole ,  this 
express ion lies in the same limits (1.24-1.36, Table 1). Only two bands - a  and fi - are  most  frequently 
seen in the spec t ra  of these compounds. The p band is overlapped by the a band, and this so r t  of case is 
quite common [5]. When a hydroxyl group is introduced into the naphthalene ring, the c~ and fl bands undergo 
a bathochromic  shift (Table 1 ), which is apparently associa ted  with their  affiliation with the ~ ~ ~ * t r an -  
sit ions.  Replacement of aprot ic  solvents by prot ic  solvents does not induce a substantial  change in the spec-  
t ra :  the oxadiazole r ing has an extremely low basici ty and, pract ical ly  speaking, does not form hydrogen 

* See [1] for communicat ion XIV. 
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TABLE 1. Elec t ronic  Spectra  of Furazans  and The i r  N-Oxides in 
70% Alcohol 

Compound 

Phenanthrenc [3] 
Naphth-l, 2, 5-6xadiazolr  (I) 

8-OH-I 
7-OH,[ 
5-SOsNa-I 
8-OH-5-SOsNa-I 
7-OH-5-SQK-I 
Naphthofuroxan (II) 
5-SO~Na-II 
8-OH-5-SO~Na-I I 
Naphttto- l,  2, 5-selenadiazole  

a band 

344,5 (31,6) 
340* (31,0) 
325* (35,0) 

)~max,nril (8- 1o ~) 

p band 

294,5 (125,9) 
290 (32,0) 

360 (36) 300 (39) 
333 (48,5) [ 

~340"* (22,5) I 315 (34,7) 
360 (40) [ 308 (30) 
336 (46,0) J 
346 (70) J 
348, 365 (68)( 
360 (42) 300** (42) 
331 (335) 285 (390) 

B band 

254,7 (501) 
255 (255) 

265 (274) 
265 (194) 
250 (174) 
264 (200) 
270 (174) 
260 (265) 
265 (221) 
267 (207) 
255 (325) 

! ,34 
1,33 
1,28 
1,30 
1,36 
1,29 
1,36 
1,36 
1,24 
1,29 
128 
1,35 
1,30 

*Vibra t ional  naphthalene- l ike  s t ruc tu re .  
~f Shoulder in the spec t rum.  
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Fig. l Fig. 2. 

Fig. 1. UV Spectra  in 70% alcohol:  1) naphthofuroxan; 2) sodium sal t  of  naphtho- 
fu roxan-5-su l fon ic  acid; 3) sodium sal t  of  4 ,5-d ihydronaphthofuroxan-5-su l fonie  
acid. 

Fig. 2. IR s pec t rum  of the sodium sa l t  of naphthofurazan-5-su l fon ic  acid (KBr  
pe l le t ) .  

bonds.  A hydroxyI group at tached to C(8) of the naphthalene r ing causes  a s t r onge r  ba thochromic  shift  in 
the spec t rum than a hydroxyl group in the 7-posi t ion.  The posi t ions of both absorp t ion  bands (both a a n d  fl) 
r e m a i n  vi r tual ly  constant  when a sulfo group is introduced into the 5-posi t ion,  but this s o r t  of subst i tut ion 
s o m e t i m e s  causes  a dec rea se  in the intensi ty of the long-wave ~ band. The UV spec t r a  of N-oxides  for  the 
invest igated subst i tuted naphthofurazans [substi tuted naphthofuroxans (II)] a re  cha rac t e r i zed  by the s ame  
pr inc ip les  as the N-bases  (Fig.  1). However,  the t rans i t ion  f rom the furazan  to the furoxan r ing causes  a 
genera l  shift of the max ima  of the bands to the long-wave region,  thereby  causing a smal l  intensif icat ion of 
the shor t -wave  band and a substant ia l  i nc r ea se  in the intensi ty of  the long-wave band. It i s  c h a r a c t e r i s t i c  
that the v ibra t iona l  s t ruc tu re  of  the naphthofurazans is washed out in the p r o c e s s .  In the ease  of  4 ,5 -d ihy-  
dronaphthofuroxan-5-sul fonic  acid (IV),  the long-wave band vanishes ,  and the intensi ty of the sho r t -wave  
band d e c r e a s e s  (Table  2). This  band is s imul taneous ly  shifted to higher wavelengths .  Thus,  according  to 
the spec t r a l  data, sa tura t ion  of the bond in one of {he benzoid r ings  leads to disrupt ion of the unit of the 7r- 
e lec t ron  sy s t em as  a whole, although, as follows f rom the fo rmula  of III, it would seem that  conjugation of 
the he te rocyc le  with the m o r e  f a r - r e m o v e d  a r o m a t i c  r ing is also re ta ined.  
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T A B L E  2. E l e c t r o n i c  S p e c t r a  of the  B i s u l f i t e  Compounds  
in 70% Alcoho l  

Compound I ~,nax, nm (~" I~ 

III 257, 280 (106; 24,8) 
Iv 270, 305 (105; 38.8) 
8-OH-IV 225, 272, 325 (32; 75.5; 42,3) 
7-OH-IV ( s a l t )  240, 285, 310 (125; ll2; 82,5) 

T A B L E  3. F r e q u e n c i e s  of the  A b s o r p t i o n  Bands  in the  IR S p e c t r a  
of  So lu t ions  in CC14 ( c m  - t )  

Phenanthrene [3] Naphtll-l,2,5-oxadiazole iNaphtho-l,2,5-selenadiazole 

709 
865 

100l 
1140 
1243 
1451 
1504 
1617 
1725 
1922 

733 814 
876 949 

1038 1089 
1200 1219 
130l 1420 
1462 1490 
1527 1600 
1644 1673 
1753 1808 
1952 3099 

696 718 744 
755 812 840 
879 896 972 
997 1024 1069 

1109 1150 1212 
1248 I300 1315 
1429 1454 1481 
1506 1520 1595 
1622 1636 1678 
1706 1776 1844 
1974 1954 1970 
3085 

686 
742 
815 
872 
982 

1154 
1233 
1464 
3O84 

704 
750 
794 
977 

1009 
1139 
1309 
1523 
3042 

698 
788 
822 
965 

1100 
1204 
1349 
3112 

In a n a l y z i n g  the UV a b s o r p t i o n  s p e c t r a  of  n a p h t h o f u r a z a n ,  n a p h t h o s e l e n a d i a z o l e ,  and p h e n a n t h r e n e ,  we 
noted  t h e i r  s i m i l a r i t y .  Th i s  s o r t  of  s i m i l a r i t y  i s  a l so  o b s e r v e d  fo r  the  IR s p e c t r a  of  t h e s e  c o m p o u n d s .  In 
the  1350-1716 c m  - t  r e g i o n ,  w h e r e  v i b r a t i o n s  of the  C - C  and C - N  v i b r a t i o n s  a p p e a r ,  s o l u t i o n s  of  n a p h t h o -  
f u r a z a n  and p h e n a n t h r e n e  in CC14 e a c h  d i s p l a y  an i n t e n s e  band at  1595 c m  - t  and  four  b a n d s  o f  a v e r a g e  i n t e n -  
s i t y  a t  1506, 1481, 1454, and 1419 cm -1 ( T a b l e  3 ) .  Both  p h e n a n t h r e n e  and n a p h t h o f u r a z a n  e a c h  g ive  two i n -  
t e n s e  b a n d s  in the  r e g i o n  of the  CH (511) i n - p l a n e  d e f o r m a t i o n  v i b r a t i o n s  (1200-1212  and 1234-1248 cm -1 ). 
In the  r e g i o n  of  t he  o u t - o f - p l a n e  d e f o r m a t i o n  v i b r a t i o n s  (5 CH• ), p h e n a n t h r e n e  and n a p h t h o f u r a z a n  e a c h  d i s -  
p l ay  v e r y  i n t e n s e  b a n d s  a t  709-718 and 744-755 c m  -1 ( fou r  C - H  bonds  in the  u n s u b s t i t u t e d  r i n g  of the  n a p h -  
t h a l e n e  f r a g m e n t )  and an  i n t e n s e  band  at  812-814 cm -1 ( the  v i b r a t i o n s  of two a d j a c e n t  h y d r o g e n  a t o m s  in 
the  a n g u l a r l y  s u b s t i t u t e d  r i n g ) .  

A c c o r d i n g  to the  da t a  in [6], the  o x a d i a z o l e  r i n g  i s  c h a r a c t e r i z e d  by  n ine  f u n d a m e n t a l  v i b r a t i o n s :  one 
c o m p l e t e l y  s y m m e t r i c  v a l e n c e  v i b r a t i o n  (w s 889 c m - t  ), four  a s y m m e t r i c  v a l e n c e  v i b r a t i o n s  (Was 1546, 
1418, 1316, and 1006 c m - i ) ,  and four  d e f o r m a t i o n  v i b r a t i o n s  (A 952, 872, 640, and 631 cm -1 ). When the  
f u r a z a n s  a r e  s u b s t i t u t e d ,  the  1407-1418,  950-952 ,  889-902,  and 622-631 cm -1 b a n d s  r e t a i n  t h e i r  s a t i s f a c t o r y  
c o n s t a n c y .  We note  tha t  fo r  a r e n e  f u r a z a n s  ( i .  e . ,  for  b e n z o  and naphtho  d e r i v a t i v e s ) ,  t h e s e  b a n d s  m a y  b e  
o v e r l a p p e d  by  the  v i b r a t i o n a l  bands  of  the  a r o m a t i c  C -  C and C - H  bonds .  The  v i b r a t i o n a l  b a n d s  of  the  o x a -  
d i a z o l e  r i n g  at  1300-1610,  992-1006,  952, 889, and 872 e m  -1 a r e  o v e r l a p p e d  by  the  c o r r e s p o n d i n g  b a n d s  of 

p h e n a n t h r e n e .  

An e x a m i n a t i o n  of  the  IR s p e c t r u m  of  n a p h t h o - l , 2 , 5 - s e l e n a d i a z o l e  d e m o n s t r a t e s  tha t  t h i s  s p e c t r u m  i s  
e s s e n t i a l l y  s i m i l a r  to the  IR s p e c t r a  of  bo th  p h e n a n t h r e n e  and n a p h t h o f u r a z a n .  It fo l lows  f r o m  Tab le  3 tha t  
n a p h t h o s e l e n a d i a z o l e  a l s o  d i s p l a y s  a s i m i l a r  d i s t r i b u t i o n  of the  a b s o r p t i o n  b a n d s  in  t h o s e  r e g i o n s  of the  
s p e c t r u m  w h e r e  p h e n a n t h r e n e  and n a p h t h o f u r a z a n  a b s o r b  in  s i m i l a r  f a sh ion .  

I n t r o d u c t i o n  of a su l fo  g r o u p  in the  5 - p o s i t i o n  of n a p h t h - l , 2 , 5 - o •  ( F i g .  2) sh i f t s  s o m e w h a t  the  
b a n d s  a s s o c i a t e d  wi th  the  v i b r a t i o n s  of the  C - C  and C - N  bonds  ( T a b l e  4 ) .  A s t r o n g  su l fo  g r o u p  e f f ec t  i s  
d e t e c t e d  fo r  the  i n - p l a n e  C - H  d e f o r m a t i o n  b a n d s :  su l fon ic  a c i d s  have  m o r e  i n t e n s e  b a n d s  a t  1266, 1243, 
1224, 1170, and 1135 crn - t ,  and the i n t ense  band  a t  812 cm -1 v a n i s h e s  c o m p l e t e l y .  Since t h i s  band  v a n i s h e s  
p r e c i s e l y  d u r i n g  s u b s t i t u t i o n  of t he  h y d r o g e n  a t o m  in the  5 - p o s i t i o n ,  t h e r e  is  no doubt  tha t  i t  i s  c o r r e c t  to 
a s s i g n  i t  to the  v i b r a t i o n s  of a d j a c e n t  4 -  and 5 - h y d r o g e n  a t o m s .  The  v i b r a t i o n  of  the  r e s i d u a l  m e t h y l i d y n e  
g r o u p  is  a p p a r e n t l y  o b s e r v e d  as  a s h o u l d e r  on the  878 e m  - i  band .  The b a n d s  a s s o c i a t e d  wi th  the  o u t - o f -  
p lane  v i b r a t i o n s  of t he  fou r  CH g r o u p s  of the  u n s u b s t i t u t e d  r i n g  (748-761  c m  -1) in the  s p e c t r a  of d e r i v a t i v e s  
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TABLE 4. F r e q u e n c i e s  of the A b s o r p t i o n  Bands  in the IR Spec t ra  
of Some N a p h t h - l , 2 , 5 - o x a d i z o l e s  and T h e i r  N-Oxides  in M i n e r a l  Oil 

1 0 0  

Compound Frequencies of the Absorption bands, cm "1 

16006 
1209 
776 

1652 
1186 
786 

1627 
1273 
778 

I624 
1255 
944 

1646 
1159 

724 
1646 
1268 
1000 
676 

1644 
1330 
1007 
520 

5-SOsNa-I 

III 

II 

5-SOsNa-II 

Iv 

7-OH-IV (salt ) 

8-OH-IV 

7-NO2-IV ( salt ) 

Naphtho- 1, 2,5-selenadiazole- 
5-SOzNa 

527 

*A shou lde r  in  the s p e c t r u m .  

1502 
1170 
771 

1520 
1156 
727 

I605 
1209 
759 

1614 
1231 
861 

1605 
1103 

675 
1608 
1243 
952 
646 
1622 
1300 
988 
6O2 

1660 
1325 
ll30 
755 

1608 
1250' 
890 

1474 
1135 
667 

1447 
1050 
696 

1585 
1160 
745 

1576 
1219 
853 

1574 
1053 

665 
1560 
1224 
890 
618 

1578 
1280 
952 
573 

1628 
1300 
1050 
684 

1507 
1205 
868 

1450 
1041 

1457 
1005 

1546 
1099 
682 

1505 
1177 
781 

1491 
1032 

615 
1484 
1190 
864 
606 

1506 
1241 
879 
542 

1590 
1270 
.990 
593 

1474 
1160 
725 

1418 1266 
1052 992 

1430 1404 
987 950 

1505 1484 
1078 1963 
662 

1486 1442 
1109 1065 
732 692 

1435 1304 
995 852 

590 519 
1438 1412 
1180 1168 
830 778 
588 552 

1484 1442 
~223 1180 
847 813 
478 

1538 
1231 
95O 
538 

1396 
1120 
675 

1243 
878 

1304 
873 

1436 
829 

1295 
1037 
655 

1259 
829 

497 
1307 
1108 
752 
533 

1548 
1164 
753 

1490 1410 
1200 1190 
910 870 
485 

1360 1325 
1060 1020 

520! 540 

1224 
761 

1206 
850 

1353 
805 

i270 
997 

1205 
770 
774 
478 

1280 
1050 
703 
495 

1423 
1044 
689 

1356 
1165 
835 

1275 
950 
465 

with a sulfo group  in the 5 - p o s i t i o n  do not unde rgo  sh i f t s .  The pos i t i on  
and in t ens i t y  of the v i b r a t i o n a l  band  of the oxadiazole  r i n g  at  992 cm -1 
also r e m a i n  cons tan t .  The s t r o n g e s t  bands  in  the IR s p e c t r a  of the i n -  
ve s t i ga t ed  su l fon ie  ac ids  p e r t a i n  to the v i b r a t i o n s  of the SO~" g roup  at 

is ~ 1209 and 1052 em -1, the a s y m m e t r i c  and s y m m e t r i c  va l e nc e  v i b r a t i o n s ,  
r e s p e c t i v e l y .  

~ The UV s p e c t r a l  data  (Tab le  2 ) d e m o n s t r a t e  tha t  hyd rogena t ion  of 
~ ~1 ~ the double  bond be tween  C(4 ) and C(5 ) in  n a p h t h - l , 2 , 5 - o x a d i a z o l e - 5 - s u l -  

~ fonic  acid leads  to c o n s i d e r a b l e  d i s t u r b a n c e  of the v - e l e c t r o n  i n t e r a c -  

! ~ ~ l  [ -tJ ~ t ion  of the oxadiazole  r i n g  with the m o r e  f a r - r e m o v e d  a r o m a t i c  r ing .  
~ ~ .- 4 , 5 - D i h y d r o n a p h t h o f u r a z a n - 5 - s u l f o n i e  ac id  (HI)  should t h e r e f o r e  be con -  

.~ ~ s i d e r e d  to c ons i s t  of 1 , 2 - d i s u b s t i t u t e d  be nz e ne  and 1 , 2 - d i s u b s t i t u t e d  ox-  
ad iazo le .  The band of the v a l e n c e  v i b r a t i o n s  of the C -  C and C -  N bonds  
in  the s p e c t r u m  of th i s  s o r t  of "hydrogena ted"  su l fon ic  ac id  (F ig .  3) is  
shi f ted  by ~ 20 cm - t  to the h i g h - f r e q u e n c y  reg ion ,  and the i n t e ns i t y  of 
the band in the 1500 cm -I  r e g i o n  d rops  m a r k e d l y .  The band of the de -  

Fig .  3. IR s p e c t r u m  of the f o r m a t i o n  v i b r a t i o n s  of the four  Ctt g roups  of the benzo id  r i n g  p r e v i o u s -  
sod ium sa l t  of 4 , 5 - d i h y d r o -  ly located at 761 cm -I  is sh i f ted  by 25 cm -1 to the h i g h - f r e q u e n c y  r e g i o n  
n a p h t h o f u r a z a n - 5 - s u l f o n i c  in the hydrogena ted  d e r i v a t i v e .  At the s a m e  t i me ,  the i n t ens i t y  of the 
ac id  (KBr  p e l l e t ) .  6CI-D_ bands  (1304, 1425, 1186, and 1156 em -1) i n c r e a s e s .  The  bands  of 

the d e f o r m a t i o n  v i b r a t i o n s  of the CH 2 group  a r e  ove r l apped  by the band  
of  the C - C  v i b r a t i o n s ,  whi le  the bands  of the va l e nc e  v i b r a t i o n s  (Xas~-~_ and X~O -) for  the d ihydro  d e -  

3 
r i v a t i v e  a c q u i r e  somewha t  h ighe r  i n t ens i ty .  Thus the UV and IR s p e c t r a  c o n s i s t e n t l y  a t t e s t  to the fact  tha t  
con juga t ion  of the h e t e r o r i n g  with the a r o m a t i c  benzo id  r i n g  is  not  ef fec t ive  in 4 , 5 - d i h y d r o n a p h t h o f u r a z a n .  

The N-ox ida t ion  of the i nves t i ga t ed  f u r a z a n s ,  i .e . ,  t r a n s i t i o n  to the c o r r e s p o n d i n g  f u r oxa ns ,  has an 
e x t r e m e l y  p ronounced  effect  on the s p e c t r u m  (Tab le  4) .  This  is  m a n i f e s t e d  in a s h a r p  r e i n f o r c e m e n t  of the 
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in tens i ty  and number  of bands r e l a t e d  to the va lence  v ib ra t ions  of the benzoid  and oxadiazole  r ings :  the 
f requenc ies  at  1590-1630 cm -1 i n c r e a s e  by 20-40 cm -1 , and t h e i r  i n t ens i t i e s  i n c r e a s e  by a f ac to r  of 10-20. 
In addit ion,  addi t ional  bands at 1530-1570 em ~1 appea r  in the s p e c t r u m  of naphthofuroxans.  Of the four 
bands at 1418-1480 cm - i  , which we noted for  the s p e c t r u m  of na ph t h - l , 2 , 5 - oxa d i a z o l e ,  only th ree  bands r e -  
main  in the s p e c t r u m  of naphthofuroxan,  while the low-f requency  band at 1395-1418 cm -1 van i shes .  The 
changes in the absorp t ion  at 1395-1630 cm -I  noted above a re  a s s o c i a t e d  with N-oxida t ion  of the furazan  r ing;  
the s ame  changes accompany t r an s i t i on  f rom d imethy l fu razan  to d ime thy l -6 - fu roxan .  The N-oxida t ion  is 
a lso  a s s o c i a t e d  with a sha rp  r e i n f o r c e m e n t  of the bands  of the in -p lane  deformat ion  v ib ra t i ons  of the CH 
bonds (1078, 1099, 1160, and 1209 e r a - i ) .  The bands at  992 and 870 cm -1 , which a r e  c h a r a c t e r i s t i c  for 
naphthofurazans ,  vanish  in the s p e c t r a  of naphthofuroxans;  a t r i p l e t  a p p e a r s  in p lace  of the 5J. doublet  of the 
four ad jacent  CH bonds.  The two adjacent  CH groups  in the angular  r ing  appea r  as  a doublet  (829/809 cm -l)  
with an ave rage  f requency of 814 cm - I  . 

The in t roduct ion of a sulfo group into the 5 -pos i t ion  of naphthofuroxan does  not have a subs tan t i a l  e f -  
fect  on the ~ ib ra t ions  of the naphthalene r ing and the he t e ro r ing .  Much g r e a t e r  changes a re  obse rved  in the 
reg ion  of the in -p lane  and ou t -o f -p lane  deformat ion  v ib ra t ions  of the CH bonds:  the number  of in tense  bands 
at  1000-1300 cm - i  i n c r e a s e s  by at  l e a s t  t h ree ;  at  700-1000 em - i  the ve ry  in tense  bands at 963 and 829/806 
cm - i  vanish ,  and bands  at  861 and 732 cm - i  r e m a i n  in p lace  of the 5CH • t r i p l e t  of the four ad jacent  bonds.  
The band at  861 cm -1 that  r e a p p e a r s  is  r e l a t e d  to 5CH• of an i so la ted  CH bond. The absorp t ion  bands of the  
va lence  v ib ra t ions  of the sulfo group a re  12-15 c m  - 1  higher  than those  in the s p e c t r a  of the co r r e spond ing  
n a p h t h - l , 2 , 5 - o x a d i a z o l e s .  The hydrogenat ion of the 4 ,5-  C= C bond in naph thofuroxan-5-su l fon ic  ac ids  cau-  
ses  the mos t  subs tan t i a l  changes in the 511 reg ion  of the CH bonds,  and the in tens i t i e s  of the bands at  1259 
and 1159 cm -1 i n c r e a s e  sha rp ly .  As expected,  the band at  861 cm -1 , r e l a t e d  to 5• of an i so l a t ed  CH bond, 
van ishes  on pas s ing  to the hydrogenated  de r iva t ive .  The bands of the de fo rmat ion  v ib ra t ions  of the r i ng  m e -  
thylene group are  ove r l apped  by the bands of the v ib ra t ions  of the c a r b o n - c a r b o n  r ing  bonds.  It is  i n t e r e s t -  
ing that  the in t roduct ion  of a hydroxyl  group into the benzoid  r ing  of 4 ,5 -d ihydronaph thofu roxan-5 - su l fon ic  
acid causes  changes in the s p e c t r u m  that  d i f fer  for  the 7-  and S-pos i t ions .  The de r iva t ive  with a hydroxyl  
group in the 8-pos i t ion  is c h a r a c t e r i z e d  by the mos t  in tense band in the IR s p e c t r u m  at 813 em -I  (5• of two 
adjacent  CtI g r o u p s ) ,  while the mos t  in tense band for  the 7 -hydroxy l  de r iva t i ve  is  the band at  864 em -1 , 
which is  c h a r a c t e r i s t i c  for  5 !  of an i so la ted  CH bond. The s p e c t r u m  of the 7 -hydroxy l  de r iva t ive  contains 
two ve ry  in tense  bands at  1646 and 1608 cm -I  , while the 8-hydroxyl  i s o m e r  has one band of high intensi ty  
at  1644 cm -1 . In addit ion,  a n i n t e n s e b a n d  at  1506 cm -1 is  c h a r a c t e r i s t i c  f o r  the S-hydroxy l  de r iva t ive ,  
while the 7 -hydroxy l  i s o m e r  has a band at 1484 cm -1 . F ina l ly ,  the 7 -hydroxy l  de r iva t ive  d i sp l ays  four ve ry  
in tense  bands at 1224, 1190, 1180, and 1168 em - I  and four bands  of medium in tens i ty  at 1307, 1280, 1268, 
and 1243 cm -1 in the reg ion  of the CH in-p lane  deformat ion  v ib ra t i ons  and a s y m m e t r i c  va lence  v ib ra t i ons  
of the SO 3 group; in the case  of the 8 -hydroxy l  de r iva t ive ,  two ve ry  intense bands at 1123 and 1180 em - i  and 
one band of medium in tens i ty  at 1280 cm -1 a r e  obse rved  in th is  region.  These  d i f fe rences  in the s p e c t r a  of 
the 7- and 8-hydroxyl  d e r i v a t i v e s  of 4 ,5 -d ihydronaph thofuroxan-5-su l fon ic  acid can be used for  ana ly t i ca l  
de t e rmina t ions .  If a ni t ro  group is in t roduced into the 7-pos i t ion  of th is  sulfonic acid  in place  of the hydrox-  
yl group, a ve ry  intense band at 1660 cm -1 and a band of medium in tens i ty  at 1628 cm - i  appea r  in p lace  of 
the bands at 1646 and  1608 cm - i  . The v ib ra t i ons  of the n i t ro  group a re  d i sp layed  by bands at  1538 and 1356 
cm - l .  The effect  of the ni t ro group is a lso  exe r t ed  in the fact  that  the bands noted for  the 7 -hydroxy l  d e r i -  
va t ive  at 1248-1307 cm -1 a re  shif ted to the low-f requency  reg ion  with a s imul taneous  reduct ion  in t he i r  in-  

t en s i t i e s .  

E X P E R I M E N T A L  

The synthet ic  methods and the c h a r a c t e r i s t i c s  of the compounds s tudied a r e  p re sen ted  in [7,8]. The 
s p e c t r a  were  r e c o r d e d  with IKS-14 and SF-4  s p e c t r o m e t e r s .  
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