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INFRARED SPECTRA OF PHENOTHIAZINES 
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Abstract: Infrared spectra of phenothiaaine including N-alkylated 

derivstiveS, sulphoxides and sulphones are reviewed with 

particular reference to their structural determination. 

The infrared spectra of a vast number of phenothiazine derivatives have been recorded. 

F ~ o m  the data available, some general conclusions may be dram concerning the diagnostic value 

of these spectra in establishing the existence and position of various substituents on the 

phenothiazine ring. 

Since the phenothiazine structure is composed of two benzene rings joined in the 2-posi- 

tion, it would be expected that each ring should exhibit infrared absorption characteristics of 

the type of substitution found in that ring. Far example, phenothiazine substituted in the 1- 

position should exhibit two absorption peaks, one in the region assigned to vicinal trisubstitu- 

t i m  (due to the substituent in the 1-position and the adjacent nitrogen and sulphur bridges of 

the phencthiazine structurel and one peak in the region for ortho-disubstitution lfor the 2- 

nitrogen and sulphur bridges). When the two rings are identical, as in the case of phenothia- 

zinc ( 1 )  itself and 3,7-difluorophenothiazine 121, two peaks very close together and in the 
1 -1 -1 

proper region might be expected . Phenothiazine shows two peaks at 735 cm and 752 cm , both 
-1 -1 

within the region for 2-disubstitution, and no other p e a s  at 740 cm and 833 crn . 

-1 
1-Fluollophenothiazine I31 has two peaks, one at 769 cm for the vicinal trisubstituted struc- 

-1 
ture and one at the 746 cm for the other ring, which is 2-disubstituted. 



It has been observed that the frequencies of the vaIence vibrations of the N-H bond differ 

considerably far the compound in the cyrstalline state and when dissolved in solvents. Hence it 

is posaible to postulate intermolecular association by hydrogen bonding of the type-N-H .... N. 
The frequency in the solid state is considerably higher than can be explained by peculiarities 

in the packing of molecules in the crystal. With 3,4-benzophenothiazine 14) and 3,4,5,7- 

dibenzophenothiazine 151, the frequency is shifted to the longvave part of the spectrum indica- 

ting that association is strengthened. On the other hand, on passing 1,Z-benzophenothimine I61 

and 1,2,8,9-dibenzophenothiazine 171, the frequency is shifted towards the shortwave part of the 

spectrum, which has been attributed to the steric hindrance arising through shielding of the N-H 
39 

bond by one or two phenyl nuclei, resulting in weakening the association of the molecules . 

-1 -1 
Discrepancies in the region between 813 cm and 800 cm for asymmetric trisubstitution 

are found with 2.4-difluoro- and 2,4,6,8-tetrafluowphenothiazine. Compounds containing 1,2,3, 
-1 -1 

5-tetrasubstitution absorb between 833 cm and 820 cm and two of them, 2.4-difluoro- 18) and 

2,4,6,8-tet~afl~owphen0thiazines 191 have bonds corresponding to asymmetric substitution, but 
7 

do not have that structure . 
2,3 4 

Thompson and co-workers and Barnes have reported that far substituted benzene rings. 
-1 

the pe* at 671 cm shifts mare as a function of the relative positions than the nature of 

suhstituents. Since 2-trifluoromethylphenothiazine 110) containing an asymmetrically trisub- 

atituted benzene ring and 4-trifluommethylphenothi~zine I 1 1  I have a vicinal structure, the two 
5 

 compound^ should be distinguishable from their infrared spectra. Smith shoved that the product 

of the ring closure of 3-trifluoromethyldiphenylamine with sulphur bad an absorption pea at 822 
-1 7 

cm , and on this basis called it 2-trifluoromethylphenothiazine 1101 . 



HETEROCYCLES, Val 20, No 2, 1983 

8 
Nodiff and Craig have also observed that the 2- or 3-substituted phenothiazines usually 

-1 -1 
have a peak between 933 cm and 800 cm , and the 1- or 4-substituted phenothiazines usually 

-1 -1 
have a peak between 800 uo and 763 cm . 2-fluoro-8-trifluoromethylphenothiazine (12) and 3- 

-1 
methyl-8-trifluoromethylphenothi~zine (131 showed two strong bands in the region 800-833 cm , 

-1 
with weak bands in the 763-800 cm region. On the other hand, 3-methoxy-6-trifluoromethylphe- 

nothiazine 1141 with one asymmetric and one vicinal trisubstituted ring has one strong peak at 
-1 -1 

803 cm and 781 cm . It was also observed that two isomeric phenothiazines, namely 4-methoxy- 

8-trifluoromethyl-(15) and 2-methoxy-6-trifluoromethylphenothiazin (161 have almost identical 
-1 -1 

spectra, which include strong pees at 813 cm and 787 cm . This, therefore, would seem ta 

indicate that both these compounds have a combination of vicinal and asymmeric trisubstitution 

in the same molecule. 
-1 

The infrared spectrum of 1-chlorophenothiaaine shoved a we& peak at 781 cm and strong 
-1 -1 

peaks at 763 cm and 746 cm . These strong peaks are characteristic of the combination of 

vicinal trisubstituted and rdisubstituted benzene rings, which are found in 1- or 4-substituted 
-1 P. . - 

phenothiazines. No peaks were obsewed in the region 800-833 cm . 
Thionation of 3-substituted diphenylamines gave both the 2- and 4-substituted phenothia- 

'Lines (171 depending on whether thionation takes place o or p to the substituent. Both were 

differentiated by their IR spectra, in which the 2-isomer gave a deep band in the region 800-833 
-1 

cm (asymmetric t~i~~bstitution), while the 4-isomer showed a deep band in the region 741-800 
-1 

cm lvicinal trisubstituted benzenes). 



17, R = OH, OCC H 
6 5 

SCH , SCF 
3 3 

Thus 2-methylmercapto, 2-trifluoromethylmercapto and 4-trifluoromethylmercaptaphenothia- 
-1 

zine shoved the peaks at 806, 813 and 781 m respectively. However, 2-methylsulphonylpheno- 
-1 -1 

thiazine (18) gave a very weak peak at 806 cm but an unexpected strong peak at 769 cm . 

18, R = SO CH 19, R = SOCF 
2 3 2 3 

-1 
Similarly, 2-trifluoromethylsulphonylphenothiazine I191 gave a moderate peak at 866 cm but 

-1 8 
again an unexpected peak at 769 cm . The results are summarised in Table I. 

TABLE I 

Infrared Spectra of Nuclear Substituted Phenothiazines 

-1 -1 -1 
Compound NH 800-839cm 745-760cm 750-760cm Other Peaks Ref. 

Ir9sym. 1 1vic. I 
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TABLE I (Continuedl 

Compound NH 800-839cm 745-760cm 750-760cm Other Peaks Ref. 
(Asym. I (VIc. I 

3, Thiocyano 

3,7-Dithiocyano 



TABLE I (Continued)  

-1 -1 -1 
Compound NH 800-839cm 745-760cm 750-760cm Other  Peaks Ref. 

IAsym. I 1vic .  I 

a. S t r u c t u r e  co r respond ing  t o  t h i s  bond n o t  p r e s e n t  i n  molecule 

b .  Peak due t o  SCN 

C.  NH deformation 

2.7-Disubstituted pheno th iaz ines  i n c o r p o r a t e  two asymmetr ical ly  t r i s u b s t i t u t e d  benzene 

r i n g s  each of which c o n t a i n s  a s i n g l e  i s o l a t e d  hydmgen atom and a p a i r  of a d j a c e n t  hydrogen 
- 3  - ,  

atoms. The p resence  of i s o l a t e d  hydmgen is mani fes ted  by t h r e e  peaks between 909 cm and 840 
-1 -1 -1 

cm . One t o  t h r e e  a d d i t i o n a l  maxima between 833 cm and 781 cm (most f r e q u e n t l y  two peaks 
-1 -1 

between 833 cm and 794 cm 1 can be a t t r i b u t e d  t o  t h e  presence of t h e  a d j a c e n t  hydrogen p a i r s .  -, - ,  
The aromatic r i n g s  are also evidenced by a peak at 3125 cm (=CH s t r e t c h ) ,  a t r i o  between 1613 

-1 -1 
cm and 1493 cm I C  = C s k e l e t a l  i n  p lane  v i b r a t i o n )  and a c o n s i s t e n t  q u a r t e t  a t  1124-1149, 

-1 54 
1087-1111, 1031-1053, and 926-943 cm l i n  P lane  C - H bending)  . 

-7 - ,  
Although 0 - H s t r e t c h i n g  a t  3333 cm is one o f  t h e  most c h a r a c t e r i s t i c  of t h e  g m u p  

fFequencieS, it is most Often ve ry  weak, a b s e n t  o r  obscured i n  t h e  hydroxyphenathiazines .  
-1 

The reg ion  1176-1333 cm c o n t a i n s  f o u r  t o  seven bonds o f  va ry ing  i n t e n s i t y  a b s o r p t i o n  i n  

t h e  lowwavelength,  ha l f  of t h i s  r ange  can be a s s i m e d  t o  C - N s t r e t c h  whi le  t h e  Peaks i n  t h e  
54 

o t h e r  half are i n d i c a t i v e  o f  CO s t r e t c h  . 
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The infrared patterns are characteristic of but not unique for, 3.7-disubstituted phenothia- 

aines. Normal peaks arising from N - H stretching vibrations in the secondary amino group 
-1 

appear at 3450 cm and from C - N stretching vibrations in the amino group in the region 1310- 
-1 -1 -1 

1310 cm . These two peaks at 1600 crn and 1590 em , which may also he assigned to the 

aromatic system, are characteristic of many phenothiazines with an unsuhstituted nitrogen atom. 

Two peaks arising from C -0 -C stretching vibrations in alkylaryl ethers and appearing in the 
-1 -1 

regions 1220-1230 cm and 1030-1050 cm have no direct connection with 3,7-disubstitution. 
-1 

Sharp peaks in the region 760-685 cm arise from C-X (halogen1 stretching vibrations, but they 

have also been found in the spectra of many phenothiazines which do not even contain halogen. A 
-1 

wide band was observed in the region 810-850 cm assignable to -CH out of plane deformation 

vibrations in a l,2,4-trisubstituted benzene ring i.e. in 3,7-disubstituted phenothiazines. 
-1 

Only in the case af 3-bromo-7-nethoxyphenothiazine were two peaks observed at 950 cm and at 
-1 15 

815 cm . The presence in other 3,l-disuhstituted phenothiazines of a single broad peak or 
-1 12.7 

two peaks, close together, near 825 cm .has been reported earlier . However, the same peaks 

are also found in other phenothiazines, which contain two asymmetrically trisubstituted benzene 
8,10,13 

rings 12.7- and 2.8-dlsubstitutionl 

Infrared spectra of 3-alkary-1-nitro-7-substituted phenothiazines (201 gave a single pea 

20, R = OCH , OC H ; R = NO , C1 CH , NO 
3 2 5  1 2 3 2 

-1 
in the region 3300-3380 cm due to secondary amino groups. Two other peaks in the region 1565- 

-1 -1 
1576 cm and 1330-1350 cm were also observed and were attributed to the asymmetric and 

4 "  
8 ,  

Symmetric valence vibrations of the nitro group . On the other hand, l-nitro-9-methyl-3- 
-1 

substituted phenothiazines (211 exhibited a sharp peak at 3000-3250 cm , characteristic of the 

N-H stretching vibration. The shift to a lower frequency mainly suggests the formation of a six 

membered chelate of high stability through a strong N-H---0 = N bonding between the nitro group 

at 1-position and the secondary amino group of the phenothiazine. Two other peaks in the region 



21, R = N O ,  C1 
2 

-1 -1 
1563-1575 crn and 1330-1350 cm corresponding to the asymmetric and syonoetric valence 

18 
vibrations of the nitro group were also exhibited . The results are summarised in Table 11. 

-1 
 he absorption of the 3-sulphonylphenothiazines in the 885-893 cm region attributed to 

the isolated C-H bond in 4-position of the phenothiazine nucleus is absent from the spectrum of 

the 2-methylsulphonyl derivative, although there is an isolated C-H bond in the 1-position of 

this phenothiazine derivative. The 3-phenothiazinyl sulphones have moderately strong absorption 
-1 

bands in the 820 cm region. These are absent from the spectrum of 2-methylsulphonylphenothia- 
-1 

zine, which instead shows a weak band in the 795-820 cm region. The absorption of the various 
-1 

sulphones in the 795-820 cm region is attributed to the two aromatic C-H bonds in the series 

at the 1,2-position for the 3-phenothiazinyl sulphones and the 3,4-pasitions of 2-methylsulpho- 

nylphenothiazine. In addition, the normal 1,2,4-trisubstituted benzene absorption pattern is 

observed for all the 3-phenothiazinyl sulphones and not the 1,2,3-trisubstituted pattern, which 
13 

would be present if the sulphonylation products were 1- or 4-sulphonylphenothiazines . 
IR spectrum of the 10-p-tolylsulphonyl derivative does not show any absorption at 895 and 
-1 

800 cm . In the case of 3,7-diphenylsulphonylphenothiazine. the band at 900nm was stronger 

than that in the spectra of any of the 3-phenathiazinyl sulphones, as expected, because of the 
13 

presence of two isolated aromatic C-H bonds at the 4- and 6-positions of this disulphone . 
21 

Scapini and Gardini have cmcluded from their study of the infrared dpectra of 

nit~~ulphonminophenothiaz ines  (22) and their N-acetyl derivatives that the stretching 

frequency of each functional group is easily assignable in the spectrum, but it is not possible 
-1 

to use the absorption bands in the region 740-833 cm to determine their structure. 

In the case of phenothiazinyl ketones (22a) it was shown that the nature of the acyl gmup 

has no effect on the N-H stretching frequency and very little on the carbonyl stretching fre- 
51 

quency . 



Compound N-H G N  G O - C  1,2,4-Trisubst. C-X - o-Disubst. Other Frequencies Ref. 
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22, R = H ,  COCH 22a, R = CH , C 5 ,  ClCH , C1 CH 
3 3 2H 2 2 

20 -1 
On t h e  o t h e r  hand, Ojah st have observed a s i n g l e  p e a  a t  3000-3280 cm due t o  NH 

s t r e t c h i n g  v i b r a t i o n s  i n  t h e  case o f  ethoxynitrophenathiazines. The n i t r o  group e x h i b i t e d  a 
-1 -1 -1 

Sharp and i n t e n s e  band at  1500-1495 cm . A s t r o n g  band between 820-825 cm and 870-925 cm 

due t o  1 ,  2 , 4 - t r i s u b s t i t u t i o n ,  i . e .  a d j a c e n t  t o  f r e e  hydrogen atoms vere a l s o  observed. Bands 
-1 20 

between 1050-1120 cm were a t t r i b u t e d  t o  C-0-C s t r e t c h i n g  . The r e s u l t s  are swnmarised i n  

Table 111. 

I n  t h e  case o f  pheno th iaz ine  aldehydes (231 t h e  ca rbony l  s t r e t c h i n g  f r e q u e n c i e s  vere shown 
-1 

t o  f a l l  i n  t h e  range  1665-1700 cm . These f requenc ies  are a l s o  c h a r a c t e r i s t i c  f o r  benzalde- 
27 

hydes w i t h  e l e c t r o n  r e l e a s i n g  s u b s t i t u e n t s  p o i n t i n g  mt  t h e  same e r f e c t  e x h i b i t e d  by t h e  3- 

p o s i t i o n  o f  t h e  pheno th iaz ine  r i n g .  E lec t ron  withdrawing groups, such  as C1, CHO, or NO a t  7- 
2 

p o s i t i o n  gave h igher  v a l u e s  as compared t o  3-fomylphenothiazine,  which c l e a r l y  p o i n t s  o u t  t h a t  
23 

t h e  electPo" a t t r a c t i n g  n a t u r e  of t h e s e  g roups  is f e l t  i n  3-posi t ion . 
I n  t h e  case of  phenothiazine-2-carboxylic a c i d s ,  I241 t h e  presence of a methyl group i n  

p o s i t i o n  10 was shown t o  lower t h e  e l e c t r o n  d e n s i t y  i n  t h e  phenothiazine r i n g .  Th i s  has  been 
24,26 

a t t r i b u t e d  t o  t h e  f o l d e d  s t r u c t u r e  of t h e  phenothiazine molecule , which f o r  s t e r i c a l  rea- 

23, R = H ,  C 1 ,  CHO, NO 2 4 ,  R = H ,  CH 
1 2 3 

R = CH 2 5 , R : C H ;  X i 0  
3 3 2 

sons imposes t h e  methyl  group a t  p o s i t i o n  o u t s i d e  t h e  dihedron.  T h i s  i n d i c a t e s  t h a t  t h e  conju- 

g a t i o n  p o s s i b i l i t y  f o r  t h e  unshared e l e c t r o n  p a i r  of  t h e  n i t rogen  atom w i t h  t h e  e l e c t r o n s  a f  t h e  

benzene r i n g  is r e s t r i c t e d .  I n  t h e  case o r  sulphones l25) ,  t h e  values  ob ta ined  i n d i c a t e  a lower 



TABLE I11 

Compound 
SO2 SO2 NO2 NOZ 1,2,4-Tri- l9Z,3-Tri - 0-Di- 

NH CO 0-C Ref. 
Asymm. Symm. Aysmm. Symm. subst. subst. subst. 



TABLE I11 (Continued) 

Compound S02 S02 N02 
NO2 1,2,4-Tri- 1,2,3-Tri - 041- 

NH CO 0-C Ref. 
Asymm. Symm. Aysmm. Symm. subst. subst. subst. 





TABLE 111 IContinuedI 

Compound Nfi CO 
S02 ='2 "** Ref. 

Asymm. SYmm. 

10-Methyl-7-chloro-3-aminophenothiaalne 

10-Ethyl-7-chlaro-3-amino 

10-Methyl-7-chloro-3-aminophenothlazine hydrochloride 

10-Ethyl-7-chloro-3-aminophenothiazine hydrochloride 

10-Methyl-7,9-dichloro-3-minophenothiazine hydrochloride 

1-hinomethylphenothlazine (film) 

N,Na-bislll-Phenothiaainylhethyl urea 



TABLE I11 (Continued) 

Cmpound NH CO 0-C C-N Ref. 
SC2 

Asymm. S W .  

3-Tosyl-1,2-dihydro-3H-py~a~in0~3,2,1-Kl~-phenothiazine 

l-lN-T0~yl-Nl2-br0moethyl)aminophenathiazine 

1,2-Dihydro-3H-pyrazino (3,2,1-K1)phenothiazine 

2-T0syl-l,2-dihydrolonidazo(4,5,1-Kl)phenothiazine 

ImidazoI4,5,1-K1~-phenothiazine 

l,2-DihydroimidazoI4,5,1-Kl)phenothiazine 

10-(1-0xopyridyl)phenothiazine dioxide 

10-(2-pyridyllphenothiazine dioxide 

8-Trifl~0r0met~ylphenothiazine-l-ca~boxyli acid chloride 

1 
N 

8-Trif1uoromethylphenothiazine-1-carbmylic acid isothiocynate 
a 
m 10-Trifluommethyl-2,3-dihydro-lH-pyrimido- 

I 
(5,6,1-Kllphenothiazine 

lO-Trifluorwnethyl-2,3-dihydro-1H(5,6,1-K1)- 

phenothiazine-l,3-dione 

l -Methylmercapt~l0-trif l~0~0methyl-3H-p~rimido- 

(5,6,1-K1)phenothiazine-3-one 

2-Ethyl-lo-trifluoromethyl-2,3-dihydm 

1H-pyrimido(5,6,1-K1lphenothia~ine-1,3-dione 

2-(2,3-Dihydroxyprapyl~-l0-t~if1UOPOolethYl-2,3- 

pyrimido-1~-py~imido(5,6,1-Kl)pbenathlazine-l,3-dione 

8-Trifluororoethylphenothia~ine-l-~arb0~ylic acid 

3,13-bi~(Trif1~0l'0methyll-6H,l6H,(1,5)diazocine- 



TABLE I11 IContinuedl 

Compound NH CO 
S02 S02 

0-C C-N Ref. 
ASymm. symm. 

13,2,1-K117,6,5-K11diphenothiazine-6,16-dione - 
10-l2-N,N'-Dimethylhydrazinornethyl~phenothiazine 3180 

10-(2-N,N'-Pentmethylenehydrazinoethy1lphenothlazlne 3320 

l0-l2-ll-methylpipera~ine-4-anin0lethyllphenothiazine 3180 

2-Chloro-lO-l2,N,N~-d~methylhydrazinoethyll-phenothiazine 3220 

2-Chloro-lO-l2-N,N~-pentamethylenehydrazinoethyll-phenthiazine 3220 

2-Chloro-l0-l2-11-methylpiperazine-4-minolethyll-phenothiazine 3220 

10-Phenothiazine acetadehyde diethyl acetal - 
2-Chloro-10-phenothiazineacetaldehyde diethyl acetal - 

I 
N 10-Phenothiazineacetaldehyde - 
(D 

(D 

I 2-Chloro-10-phenothiazinylacetadehyde - 
Phenothiazine-10-acetonitrile - 
Phenothiazine-lo-acetamide 3475,3190188 I 

2 
Pyrrola13,2,1-K11phenothlazine-2-carboxyldehyde - 



elec tmn density i n  3-position. 
-1 

The azlactones are characterized by a band a t  1780-1850 cm described as a CO s t r e t ch ing  
27-33 

vibration . This range is cha rac t e r i s t i c  a l s o  f o r  the carbonyl group of 0.7 -unsaturated 
2' 

The s ing l e  absorption band expected f o r  the s t r e t ch ing  v ibra t ion  of  the  azlactone carbonyl 

~mpounds  126,271 is replaced by two bands ( A  and 81. The stronger band A is most s ens i t i ve  t o  

the  nature of the phenothiazine ring.  It was a l so  observed t h a t  the pos i t ion  of band A and the  

r e l a t i ve  i n t e n s i t i e s  of the  two bands are sens i t i ve  t o  the  so lvent  polar i ty .  However, the  

position of t h e  C = N band was found unchanged under the  same condit ions.  It may be mentioned 
35,36 

t h a t  Jones & had observed a s imi l a r  behaviour for a , 0 -unsaturated Y - lactones 

and explained the presence of t h e  two "carbonyl" bands by a Pemi type resonance between the  t rue  
23 

CO stretching v ibra t ion ,  possibly an overtone of a low fundamental frequency . 
The C = 0 s t re tching  frquencies of phenothiazine aldehydes, carboxylic ac ids  and szlactones 

are given i n  Tables I V ,  V ,  and V I .  

TABLE I V  

C = 0 StPetChing Frequencies of Phenothiazine Aldehydes 



HETEROCYCLES, Vol 20, No 2, 1983 

--- 

-1 
Compound No. R n VCO cm 

H 0 

C1 0 

CHO 0 

H 
I 

C H = N - N  0 
I 

TABLE V 

C = 0 Stretching Frequencies of Phenothiazine Carboxylic Acids 

R 
I 

- I  

Compound No. R Posit ion of the COOH group n CO cm 



TABLE VI 

C = 0 Stretching Frequencies of Phenothiazine Azlactones 

-1 
CO cm 

Compound No. R  R1  n Position of x Band A Band B 

1 CH H 0 3 1790 1770 
3 

2 CH H 2 3 1800 1760 
3 

3 CH H 0 2 1796 1770 
3 

4 H H 0 2 11790 1775 

5 CH C1 0 3 1813 1787 
3 

6 CH NO 1 3 1795 1760 
3 2 

7 CH C1 2 3 1799 1770 
3 

8 CH3 NO2 2 3 1805 1769 

The oxidation product of 2-nitrophenothiazine 1281 exhibited an absorption peak at 1633 
-1 41,42 

cm , which has also been observed in the case of other phenothiazines . The product was 

identified as 2-nitrophenothiazone-7 1291 by comparing its spectra with that of an authentic 

Specimen isolated from the oxidation of 2-nit-7-chlorophenothiazine 1301. Similarly, the 

StNcture of 2.8-diacetylphenothiazone-3 1311, an oxidation product of 2,s-diacetylphenothiazine 
43 

1321 was deduced from IR spectrum 

28, R  = N O ;  R ; R  ;H 29, R  =Hi R  = N O , R  = H  
1 2 2 3  1 2 2 3  

30. R = NO ; R = ~ 1 ,  R = H 31, R  = R = COCH , R = H 
1 2 2  3 1 2  3 3 

32. R = R  = COCH . R  = H 
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In halogenophenothiazones, the C = 0 stretching frequencies were observed in the region 
- 4  - ,  

1638-1647 cm , which with the introduction of the nitro group at 4-position increased the 
- 1  

frequency slightly from 1641 to 1657 cm . The nitro gmup showed its characteristic band at 
-1 -1 

1560-1475 cm and 1375-1300 cm . Reduction of the NO group with Zn/CH COOH resulted in the 
3 c 2 

formation of the corresponding aminophenothiazanes which were characterised by IR absorption 
45 

spectra . The results are sumarised in Table VII. 

The reductive acetylation of the substituted 5H-benzoiaiphenothizine-5-ones (33) gave two 

series of benza(a)phenothiazine derivatives in which the degree of acetylation depends upon the 

reaction conditions. Under mild conditions, substitued 5-acetoxy-12H-benzo(a)phenothiazines 

(34) are obtained, whereas under less mild conditions, the products were 5-acetoxy-6-chlorc-9- 

methoxy-l2H-benzoia)phenothiazines (35) and 5-acetoxy-6-chloro-9-ethoxy-lZ-H-benzo(a~phenothia- 

eine (36) from 37 and 38 respectively. The structures of these compounds were established on 
-1 -1 44 

the basis of IR absorptions at 1742 - 1779 cm lammatic acetate) and at 3398-3470 cm INHI . 

33, R = H, Br, Ch 34,R = R  = H  
1 3 1 2  
R = H, C1, Br, F, CH , OCH , OC H 
2 3 3 2 5  

35, R = OCH ; R = H 36, R = H; R - OC H 
1 3 1 1 2 2 5  

37, R = OCH , R = H 38,R = O C H , R  = H  
2 3 1 2 2 5  1 

The results are summarised in Table VIII. 

TABLE V I I  

c = O  C = O  N-H N-H Ref. 
Compound (mr) lCC1) iKBr) iCC1) 

4 4 



TBBLE V I I  ( C o n t i n u e d )  

Compound 
C - 0  C = O  N-H N-H Ref. 
LKBrl I C C l I  (KBr l  I C C 1 1  

4 4 
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TBBLE VII (Continued) 

Compound 
C = O  C = O  N-H N-H Rep. 
(KErl ICC11 (KEPI (CC11 

4 4 

TABLE VIII 

Infrared Spectral Data of 5-H-Benzoialphenothiazine-5-ones 

Compound C=O N-H Aromatic C=N Ph-N 1.2.4- 1,2- 
C-H Trisub. Dlsub. 

IR Data of 12H-Benzo(a1phenothiazine-5-01s 

Compound 
Isolated Vicinal 1,2- 

NHlOH Aromatic C-N C-0 ring pair of Di- 
H.atom H.atom subst. 



IR Data of 12H-Benzolalphenothiazine-5-01s (Continued) 

I so lated  Vicinal 1.2- 
Compound NHlOH Aromatic C-N C-0 ring pair  of D i -  

H.atom H.atom subst .  

IR Data of 5-Acetoxy-12H-BenzoOphenothiazines 

Iso lated  1,2.4- 1.2- 
C-0 NH C-0 ring Tri- D l -  

Hatom subst .  subst .  
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IR Data of 5-Acetoxy-l2H-Benzo(a)phenothiazines (Continued) 

Compound 
Isolated 1,2,4- 1,2- 

C=O NH C-0 ring TrL- Di- 
H.atom subst. subst. 

IR Data of 5-Acetoxy-12-Acetyl-12H-Benz0la)phenothiazines 

Compound 
C=O C-0 Isolated 1,2,4- 1,2- 

NH (Arm. (N- C-0 ring Tri- Di- 
acetate) acetyl H. atom subst. subst. 



Comwund C=O N-H Ref. 
(N-acetyl-one) 

2,lo-Disubstituted phenothiasines have a cha rac t e r i s t i c  and unique pa t te rn  i n  the inf rared  
-1 

Spectrum. There are four bands i n  the  region 1000-700 cm which are common t o  a l l .  These 
-1 -1 -1 -1 

bands occur at 915-928 cm , 840-870 c m  , 785-800 cm and 730-755 cm . The b a d  a t  785- 
-1 59 

800 cm exh ib i t s  some s p l i t t i n g s  i n  ce r t i an  cases,  but i t  is steady i n  loca t ion  . 
Phenothiazines with no subs t i tuents  i n  the 2-position a l l  show very s t rong absorption i n  

-1 
the 720-700 cm range which is assignable t o  the out-of-plane bending v ibra t ions  of the  four  

59 
adjacent hydmgens of the phenothiazine r i ng  system . 

-1 
TYo other  c h a r a c t e ~ i s t i c  bands f o r  the phenothiazine system are found a t  1590-1560 cm . 

These bands are q u i t e  cons is tent  i n  loca t ion ,  although they vary as t o  which is the  most in- 

tense. They may a l s o  be assigned to  the  ammatic system. 

I n  the case of phenothiazine m i n e  salts, a s t rong bmad band centered between 2300-2500 
-1 + - - 

cm is cha rac t e r i s t i c  of t h e  R NH ion combined with x . The r e l a t i ve ly  small negative Ion x 
3 + + - 

can approach the mine  cation R NH from only one direc t ion ,  forming the  ion pa i r  R NH X with 
3 3 

the  hydrogen atom bonded s t m n g l y  t o  the  negative ion. Water of hydration tends t o  r a i s e  the  

frequency and lover the i n t ens i t y  of the absorption. Thus i n  the case of anhydrous chloroprma- 
+ -1 

zine hydrochloride, the R NH absorption band is s t rong and bmad and centered a t  2390 cm . 
3 

The hemihydrate of chloropmmazine hydmchloride shows a s p l i t t i n g  of the broad band i n t o  two 
-1 + 

pe&s located a t  2400 and 2550 cm . The spectrum of the  hydrate shows a weaker R NH ab- 
-1 7 - 

sorption located a t  2600 cm . This unusual behaviour exhibited by the  hydrate and hemihydrate 
+ - 59,60 

is due to the reduction of hydrogen bonding of H t o  X by the presence of water . 
The s t ruc tu re  of one of t h e  metaboli te of chloropromazine, namely 6-hydrochlaropmmazine 

-1 
139) was established by its I R  spectrum, which showed a s t rong hydroxyl absorption a t  3420 cm . 

39, R = H; R = OH 40, R x OH; R=H 
1 1 
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The s t m n g  band a t  1235 cm confirmed the  expected phenolic character of the  hydmxyl group. 
-1 

Additional broad absorption i n  the  2300-2700 cm spec t r a l  region suggested s ign i f i can t  m i t -  
-1 

te r ion  contribution.  IR bands a t  854. 807 and 773 cm indicated i so l a t ed  two adjacent and 

three  adjacent ammatic ping pmtons thus confirming the posit ion of subs t i t uen t s  on the p h e n e  
61 

th iaz ine  nucleus . 
Similarly,  the s t ruc tu re  of 1-hydmxychlorpromazine (401 was established.  This showed a 

-1 -1 
band a t  3510 cm and s t m n g  absorption i n  the 1200-1250 m region which confirms the presence 

-1 
of phenolic hydroxyl group. Absorption i n  the 200-2600 cm region indica ted  zwitterion cont r i -  

-1 
bution. The aromatic ou t  of plane bending bands a t  787 and 741 cm were cons is tent  with those 

of aromatic r ings  subs t i t u t ed  a t  1,2,3,4 and 1,2-position respectively. 

On the  o ther  hand, 7-hydroxyclorpromazlne which incorporates two asymmetrically t r i - subs t i -  

tuted benzene r ings  each of vhich contains a s ing l e  i so l a t ed  hydrogen atom and a pai r  of adja- 
-3  - ,  

cent hydrogen atoms, gave three  peaks between 815-910 cm . These bands were a t t r i bu t ed  t o  the  
-1 

i so la ted  hydrogens, one t o  three  maxima between 835-760 cm were a t t r i b u t e d  t o  the presence of  
-1 

adjacent hydrogen pa i rs .  The aromatic r i ngs  exhibited a we& band a t  3120 cm (=C-H s t r e t c h ) ,  -. -,  
a t r i o  between 1495-1610 cm (C=Cl ske l e t a l  in-plane v ib ra t ims l  and a qua r t e t  a t  1150, 1120, 

-1 62 
1100, 1088. 1050, 1030, 1010, 940 and 920 cm (in-plane C-H bending1 . The r e s u l t s  are 

summarised i n  Table IX. 

TABLE IX 

Compound 

~~ - 

Amine h Amrna- Sulph- Aromatic in- 
amide t i c  h i d e  Aracmatic oxide plane deforma 
N - H  = C H  C = O  C = C  S - 0 t ion  C = H 

10- 13-hinopmpyl I-2-chlorc- ( f l  3125(vl - 
7-hydroxyphenothiazine 

sulphoxide hemi-oxalate 



TABLE I X  Continued) 

Amine k Amma- Sulph- Ammatic in- 
Canpound a i d e  t i c  Amide Arocmatic oxide plane deforma 

N - H  = C H  C.0 C = C  S - 0 t i on  C = H 

10-13-Aminoprpyll-2-chloro- if1 - - 15871sl,15381sl 980 1149iwl , l l l l iwl  

7-hydroxyphenothiazine 1493isl 10421w1, 9351ml 

sulphaxide hydroiodide 

2-Chlo~o-lO-i3-fomamido- 33331ml 3125 1639 1587lwl,1538(ml - 11361wl,10991sl 

propyll-7-fomylpheno- I W )  I S )  14931ml 1042iw), 926iwl 

thiazine 

2-Chlo-10- (3-formamido- 3333iul - 1639 1587iul,1563iml - 11241u1,10991w) 

p~opyl-7-hydmxypheno- Is) 14931m) 1053iw), 9261~1  

thiazine 
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TABLE IX Continued] 

Amine & Amma- Sulph- Ammatic in- 
Compound mide tic hide Aracmatic oxide plane defoma 

N - H  = C H  C = O  C - C  S - 0 tion C = H 

10-3-Acetamidopropyll-2- 3333iml - 1667 1563lm1,1538lml 1000 lllllb-sl 

chloro-7-iperhydrc-2-pyrany- 1s) 1493lml 10421~1, 935iwl 

loln,lphenothiazine-5-oxide 

2-Chloro-7-(perhydro-2- 33331~1 - - 1613iml,1563iml - 1124iml,l099iml 

pyranylo~ylphenothiazlne 1493iml 1031 is), 935im) 

Compound Isolated H 2 Adjacent H Miscellaneous 

2-Chloro-I-hydroxy-10-13-dimethyl 877lm1, 862iml 813(sl, 800isl 2564lb-wlicl 

10-~3-Aminopropyl1-2-chloro-7-hydroxy- 893lm1, 862iwI 820iwl 126iml - 
phenothiazine sulphoxide hemi-oxalate 8471~1 

lO-i3-Aminopropyl1-2-chloro-7-hydroxy- 901isI 813im1, 8001ml - 
phenothiazine sulphoxide hydroiodide 847(ml 



Ammatic GH mt o f  plane deformation 

Compound Iso la ted  H 2 Adjacent H Miscellaneous 

2-Chlora-10- (3-fomamidopmpyll-7- 901 iml,870iwl, 806 i b-s I - 
hydmxyphenothiazine 847iml 
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Aromatic C-H out of plane deformation iContinued1 

Compound Isolated H 2 Adjacent H Miscellaneous 

u ; Ye*; m = Medium; s = Strong; b = Broad 

(c)   he reason for this apparent band split is not clear. (dl This spectrum contains a we& 
-1 

doublet at 3333-3448 cm attributed to the symmetric and asymmetric stretching vibrations at a 

PrimaPy mine. (el The location, shape and intensity of this band are suggestive of a zvit- 

terionic structure involving the amino and phenol group. if1 The primary mine salts all 
-1 -1 

exhibit three peaks between 2500-2941 cm and a broad slightly stronger peak at 2000 cm . (8) 
- I  

Unassociated OH stretching. lhl The few other p e a s  between 952-1220 cm are all quite weak. 
-1 

(11 T h i ~  broad band 12500 cm wide) is probably an overlap of the S = 0 isulphoxidel and C = 0 

itetrahydmpyranyloxyl stretching bands. (jl Ether C - o stretching vibration. ( 1  ~ther C-o 

stretch arising from the tetrahydropyranyloxy group. ill Film (crude) 

In 1-nitro-3,6-diazaphenothiaaiie (411, the proximity of the 11-10 proton to the 1-nitro 

group rewlted in the formation of a six-membered chelate 1421 of high stability through strong 
63-65 

NH-ON hydrogen bonding . This was shown in the infrared spectrum in which the single NH- 
-1 66 

stretching frequency is shifted fmm 3310-3500 to 3295 cm .   he shift in the N = 0 frequency 
-1 67 

from 1316-1340 cm confirms the chelation and the assigned structure 1421 . The infrared 

spect~a of 3-azaphenothiazine (431 anhydronium base 1441 and quaternary iodide 1451 provided an 

interesting confirmation of the structural assignments. Compound 43 has an intense band at 824, 

which has been attributed to the out of plane vibrations of two adjacent hydrogens on the 

. , 
68 

pyridine ring . This band is absent from the spectrum of 44 and is replaced in the spectrum of -, 7" , , -  
45 by a we*, broad band at 832 cm a ; ~  a;a-cH~ ~ ~ 3 3 ~ ~ 3  

I Q n  



On the other hand, the spectrum of 44 has the characteristic intense band at 1645 cio 
69 

expected for the conjugated ethylene and imine double bonds , and although this band is absent 

in the spectrum of 43, it occurs in the spectrum of 45 as a band of medium intensity at 1634 
-1 70 

The product 2,4-dimethoxy-8-roethyl-l,3,9-triazaphenothia~ine 1471 obtained from 5-bromo-4- 

chloro-2,6-dimethoxypyrimidine and 46 in acidic medium exhibited bands at 3400 INHI 1650 INHI 
-1 

deformation, 1200 IC-0-Cl and 830 cm 16CH, 7-CHI. On the other hand, an alternate structure 

1481 should have exhibited a stronger intramolecular hydrogen bonding due to chelation between 

the oxygen of the methoxy group and the 10-NH proton leading to a five-membered ring of high 
71 

stability . 

Chloroacetylation product of 1-azaphenothiazine 1491 did not exhibit any absorption charac- 
-1 

teristic to N-H stretching or of protonated monium N ~ H  stretching 12300-2500 cm I. This 

Observation indicated that both the N-1 and the N-10 positions of the azaphenothiazine nucleus 

must be substituted and that there must be a cationic site, on the'basis of which the product 
70 

was assigned to be 50 . The results are summarised in Table X. 
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TABLE X 

Compound Absorption Bonds Ref. 

2-Amino-4-hydroxy-7-methoxy-1, 

3,6-triazaphenothiazine 

2,4,7-Trichloro-l,3,6-triaza- 

phenothiazine 

2-hino-4-chloro-7-methoxy-1,3, 

6-triazaphenothiazine 

2,4-Dimethoxy-l,3,9-triaza- 

phenothiazine 



-1 
nucleus. Similarly,  3-chlom-acetamido-10-ethylphenothiazine exhibited a band a t  1660 cm , 

-1 
which was sh i f t ed  t o  a higher frequency 11715 cm 1 i n  the  corresponding sulphone. It seems 

t h a t  the more strongly the lone pa i r  of the nitrogen is d r a m  towards the r ing ,  the  l e s s  

e f fec t ive ly  can i t  conjugate with the  carbonyl gmup and the higher w i l l  be the (COI 

frequency. This large s h i f t  must be due t o  the combined -I e f f e c t  and the  mesomeric e f f e c t  as 
37 

both are operating i n  the  same d i r ec t i on  . 
With the subs t i tuents ,  the  sulphone frequency is only poorly affected,  but  the  sulphonyl 

49 
gmup i t s e l f  produces qu i t e  la rge  changes i n  the absorption pa t te rn  of the  parent compounds . 

-3 - ,  
2-Acetylphenothiazine exhibited a sharp in tense  peak a t  1672 cm due t o  C = 0 s t r e t ch ing  

-1 
vibrations. This band is sh i f t ed  t o  higher frequency 1685 cm i n  the corresponding sulphone. 

The withdrawal of e lec t ron  fmm the benzene r i n g  must be only due to  -I e f f e c t ,  which r e s u l t s  i n  

a decreased conjugation of the  exocyclic C = 0 gmup wlth the  ammatic nucleus. 2-Acetylpheno- 
-1 

thiazine oxime exhibited a band a t  1600 cm due t o  exocyclic C = N s t r e t ch ing  mode which was 
-1 

sh i f ted  t o  higher frequency 1642 cm i n  the  corresponding sulphone. Both are examples of an 

electron acceptor a b i l i t y  of the heteroaromatic nucleus i n  the  sulphone a3 compared t o  the 
49 

parent nucleus . 
There seems t o  be no corre la t ion  between the subs t i t u t i on  pa t te rn  and the  frequencies of the  

C-H in-plane deformation bands but the  frequencies of C - H out-of-plane deformation bands i n  
-1 

the  region 700-900 cm are re la ted  t o  the  number of adjacent hydrogen atoms an the hetemaroma- 
-1 

t i c  ring. A sharp in tense  peak i n  compounds (54-56) a t  785-790 cm w i n g  t o  out-of-plane 

bending v ibra t ion  of three adjacent hydmgen atoms i s  sh i f t ed  t o  higher frequencies 1805-810 
-1 

crn ) in the sulphone. Also i n  compound 157,581 the peak a t  735-758 is shf ted  t o  higher f r e  
-1 37 

quencies 1740-770 cm 1 i n  the corresponding sulphones . 

1 2' 2 3 2 2 
61, R = N O ;  R = C l ;  R = H  62, R = No ; R = Cl; R = Br 

2 1 2 2 1 2 
63, R = N O ; R  = C l ; R  = C H  6 4 , R z N O ; R  = R  = C l  

2 1 2 3 2 1  2 
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TABLE X (Continuedl 

Cm~ound Absorption Bonds Ref. 

Phenothiaaine sulpholides and Sulphones 

The symmetric stretching vibration gives rise to a sharp intensity doublet in ~olution at 
-1 -1 

1185-1138 cm and in the crystalline state at 1185-1140 cm . In the low frequency region the 
-1 

phenothiaaine sulphones exhibited a weak to medium absorption at 55-580 cm , which appears 

mostly as a doublet or  sometimes as a single band with an inflection. 
- 7  - ,  

lo-Ethyl-3-methoxycarbonylphenothiazine (51 I exhibited a sharp intense peak at 1690cm , 

which was ascribed to C = 0 stretching vibrations. This band is shifted to a higher frequency 

-1 
(1715 cm 1 in the Corresponding sulphone 1521. This is in agreement with an increased elec- 

tron-acceptor ability of the heteroaromatic nucleus in the sulphone as compared with the parent 



In the case of phenothiazine sulphone I531 and 3,7-dinitrophenothiazine sulphone 1541, a 
-1 

sharp N - H Stretching peak was observed at 3450 cm indicating a free NH group. On the other 

hand, the corresponding band in the spectra of 1-nitrophenothiazines (55-641 was observed at 
-1 

3270-3350 cm suggesting mainly OH-N intramolecular hydrogen bonding. The sharp peaks occur 
-1 

ring at 1510-1560 and 1270-1350 cm are attributed to the aromatic nitro group as usual. A 
-1 

we& medium band at 1070-1095 cm which may be due to the asymmetric C - S stretching vibration 
increases in intensity and is slightly shifted to higher frequencies for the sulphones. 

The spectra of the sulphones exhibited an intense absorption band 1" the range 3200-2400 
-1 

cm , characteristic of the N-H bond. Intermolecular hydrogen bonding of S-dioxides are weak- 

ened because of peculiarities in the 3-dimensional structure of the SO group not present in SO. 
-1 2 

Another fairly strong absorption between 812 and 820 cm which is due to the same out-of- 

plane bending vibration of the two adjacent hydrogen atoms, ie. 1,2,4-trisubstitution again 
-1 

shows a m ~ k e d  shift to higher Frquencies (820-835 cm I in the cormspanding sulphones 155-59, 

63, 641. A similar shift is also observed in case of compounds containing a lone hydrogen atom 
49 

i.e. 1,2,3,5-tetrasubstitution . 
In general phenothiazine sulphones exhibit three characteristic intense absorption bands, 

both in the crystalline state and in carbon tetrachloride solution. In dilute solutions a sharp 
-1 

intense peait is obtained in the region 1332-1349 cm , which has been ascribed to the antisyme- 
tric stretching mode of the sulphonyl group. In the solid state this absorption appears split 

-1 
into three bands between 1260-1350 cm , 

-1 
In sulphoxide the absorption band in the region 3300-3450 cm , characteristic of the N-H 

-1 
band vanishes and series of bands of various intensities appear in the region 3050-3000 cm . 
This has been attributed to the formation of a strong intermolecular hydrogen bond >S-->O--N-H<. 

The bond appears more Strongly in the spectrum of phenothiazine S-oxide probably due to the 
39 

absence of steric hinderance . Also the vibration frequencies for the S---> 0 bond have been 
-1 75 -1 

observed in the region 1000-1100 crn . An additional intense band at 975-985 cm has been 
40 

ascribed to hydmgen bond Formation . Replacemmt of the hydrogen atom in the N-H group by 

methyl or acetyl resulted in the disappearnce of the lonpave hand and an inc~ease in intensity 

of the shortwave band. The latter was ascribed to vibrations of the S--> 0 bond. The results 

are smaried in Tables XI, XI1 and XIII. 



TABLE XI 

S---> 0 Bond Valence vibration Frequencies for Sulphoxides 

-1 
Compound (In Vaseline1 cm Ref. 

TABLE XI1 
-1 

Characterist ic  Vibrations (cm 1 of the Sulphonyl Gmup i n  Phenothiazine Sulphones 

V1 v2 3 Unassigned 

Compound (SO 1 (SO 1 (SO I Bands 
2 2 2 

CC1 KEr CCL KBr CC1 KBr KBr C C l  Ref. 
4 4 4 4 

Phenothiazine sulphone 1170 1172 559 568 1335 1350 485 489 3 1  

1150 1150 555 560 1344 1300 

7-Chlom-1-nitrophenothir 1185 1180 560 563 1350 488 485 37 

zine sulphane 1160 1160 550 550 1290 

1260 

7-Methyl-1-nitrophenothia- 1180 1180 565 568 1336 1348 485 477 3 1  

aine sulphone 1155 1152 565 568 1285 1285 

1270 

7-Bromo-1-nitrophenothia- 1180 1185 570 572 1340 1350 490 495 37 

zine sulphone 1160 1165 565 560 1290 

1260 



TABLE XI1 (Continued) 
-1 

Characteristic Vibrations (cm 1 of the Sulphonyl Group in Phenothiazine Sulphones 

V1 
Unassigned 

Vr '5 
(SO 1 (SO 1 (SO 1 Bands 

2 2 2 
CC1 KBr CC1 KBr CC1 KBr KBr CC1 Ref. 

4 4 4 4 

7-cNom-l,3-dinitmpheno- 

thiazine sulphone 

7-Methyl-1.3-dlnltropheno- 

thiazine sulphone 

1,3-Dinitrophenothiazine 

sulphone 

3-Chloro-1-nitrophenathia- 

zine sulphone 

7-Bromo-3-chlom-1 -nitro- 

phenothiazine 

3-Chloro-7-methyl-1-nitro- 

phenothiazine 

3,7-Dichlom-1-nitropheno- 

thiazine 

8-Chloro-1 ,3-dinitropheno- 

thiazine 



- 
CC1 KBr CCI KBr 

4 4 

2,8-bislmethylaminol 1125 

1-Tosylamino 1165 

1-Tosylaminomethyl 1150 

2-Tosyl-1.3-dihydro-2H-pyrimido- 1160 

15,6,1-K1)phenothlazIne sulphone 

bislN-Tosyl-N-11-phenothiazinyll- 1168 

aminolmethane sulphone 

TABLE XI11 

c 

CCI KBr KBr CC1 Ref. 

-1 
N - H and C- H out-of-Plane bending vibrations lcm I of phenothiazine sulphones in KBr 

Compound N-H disubst. 1,2,3- 1,2,4- 1.2,3,5- IC-S) Ref. 
trimbst. tri~ubst. tetPa- Aaym. 

Phenothiazine sulphone 

7-Chloro-1-nitro 

I-Hethyl-1-nitro 

7-Braoo-1-nitro 

7-Chloro-l,3-dinitro 

I-Methyl-l,3-dinitro 

1.3-Dinitro 

3-Chloro-1-nitro 

7-Bmmo-3-chloro-1-nitro 

3-Chlaro-7-methyl-1-nitro 

3,7-Dichloro-1-nitro 

8-Chloro-1.3-dinitro 

2,4-Dibmmo-7-rnethyl-l-nitro 
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TABLE XI1 ICantinued) 
-1 

Characteristic Vibrations icm ) of the Sulphonyl Group in Phenothiazine Sulphones 

f % V3 UnaSsigned 

Compound IS0 I IS0 1 IS0 1 Bands 
2 ? 
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