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Abstract  The IIV and visible spectra of radical cations of several 
phenothiazine derivatives were studied using different solvents. The 
establishment of a relationship between these hands and the RZ and Rlo 
substituents was att.empted. The influence of the disolvents on the bands 
also was studied. The characteristic charge transfer band was observed 
in the solid state using diffuse reflectance spectroscopy. The Ry sub- 
stituent did not appear to influence the band, while the Rlosuhstituent 
influenced the hand considerably, probably due to steric effects. 

Keyphrases 0 I’henothiazine--derivatives, spectra in solution and solid 
state, effect of Rz and RID substituents Psychotropic drugs-pheno- 
thiazine derivatives, spectra in solution and solid state, effect of Ra and 
Rlo suhstituents 0 Spectroscopy-LJV and visible spectra of phenothi- 
azine derivatives, solution and solid state 

Psychotropic drugs are fundamental in the treatment 
of mental disorders. Increased knowledge of the physico- 
chemical properties of these products would help in un- 
derstanding their interaction with live organisms. 

One important property of these drugs is that they are 
oxidized easily (1). The idea that phenothiazines could act 
in humans in an oxidized form (2) was supported by the 
fact that several oxidized compounds are observed in the 
degradation products ( 3 ) .  This paper describes a study of 
the oxidized form of these phenothiazine derivatives in 
solution and in the solid state. 

An attempt was made to relate the derivatives according 
to their R:! and Rlo suhstituents, semiconductor properties, 
dissociation constants (4), and ability to form complexes 
( 5 ) .  The phenothiazine derivative cation radicals were 
prepared in a solid state, and their diffuse reflectance 
spectra were studied. The IJV and visible spectra of these 
radicals in solution also were studied. 

EXPERIMENTAL 

Materials- Phenothiazine derivatives with RS and Rlo substituents 
were used (Tahle I ) .  The products were pharmacologically pure and were 
used as supplied commercially. Perchloric acid (70%) and potassium 
dichromate were the oxidizing agents. The solvents were distilled water, 
acetonitrile, and sulfuric acid (2  and 9 N). 

A UV-visible spectrophotometer was used to obtain the solution 
spectra; for the diffuse reflectance spectra. the corresponding attachment 
was used. 

Method-A literature method (6) was used to obtain the cation radi- 
cals in the solid state. The proposed formula for these products is (6): 

The melting points o f t h e  products ranged from 175 to 223O. The 
radicals rapidly dissolved in all of the solvents used. An intense color 
appeared, corresponding to the oxidized form. The radicals remained 
indefinitely stable only with 9 N HzSOJ due to its high acidity. 

The formation of charge transfer complexes in the solid state was 
studied by diffuse reflectance spectroscopy. Tablet preparation was the 
same as that used for the IR method except that naphthalene (7) was the 
solvent. 

RESULTS 

Solutions were prepared from polycrystalline powder of the cation 
radicals in 9 N HSSO?. Table I1 gives the wavelengths corresponding to  
the absorption peaks of the radicals in 9 N H2S04, both in the visible and 
the UV range (Fig. 1). The reference used to study the effect of the sub- 
stituents was promazine. 

UV Spectra-The LJV spectra of derivatives with a constant Rz sub- 
stituent and various Rlo suhstituents were studied. Derivatives with R2 
= H and various Rln substituents (I-V) showed no change from the ref- 
erence spectrum. This observation showed that the Rlo substituent does 
not influence the I JV  electron transitions. In derivatives with R2 = C1 and 
various Rlo substituents, the Rz substituent caused a bathochromic shift 
of 4 nm throughout the spectrum (Table 11). The second peak in the 
spectra of derivatives with Rz = CF:3 and various Rlo suhstituents dis- 
appeared. 

Derivatives with a constant Rlosubstituent and various Rz suhstituents 
were considered. The effect of the R2 substituent was observed in the 
promazine (I and VI-VIII) and perazine (V and X-XIII) families (Table 
IT). The chlorine derivatives featured a 4-nm bathochromic shift in all 
bands. The other substituents caused more pronounced shifts throughout 
the spectrum, together with the disappearance of the second peak [de- 
rivatives with RS = OCH:% or S02N(CH&]. 
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Table I-Products and  Their  Characterist ics 

Salt Clinical Use Product R2 Rio 
I 

I1 

111 

IV 

V 

VI 
VII 

VIII 

IX 

X 

XI 

XI1 

XI11 

XIV 

xv 

XVI 

XVII 

Promazine" 

Trimeprazineb 

H 

H 

HCI 

Tartrate 

Tranquilizer 

Antipruritic 

Ethopropazine 

Diethazine * 
H 

H 

HCI 

HCI 

Anti parkinsonian, 
anticholinergic 

Antiparkinsonian, 
anticholinergic 

Tranquilizer 

Tranquilizer 
Tranquilizer 
Tranquilizer 

Analgesic 

Perazine' 

Chlorpromazine 
Triflupromazined 
Methoxypromazine * 

HCI 

HCI 
HCI 
Maleate 

Maleate Methotrimeprazineb I 
CH3 

Prochlorperazinee 

Trifluoperazined 

Thiethylperazinef 

Thioproperazineb 

Perphenazineg 

Fluphenazined 

Properiziazine 

HCI Tranquilizer 

2 HCI Tranquilizer 

Dimaleate 

Maleate 

HC1 

2 HCI 

Antiemetic 

Tranquilizer 

Tranquilizer 

Tranquilizer 

Base 

Thioridazineh HCI Tranquilizer 

Rhodia. Specia. Promonta. Squibb. Upjohn. f Sandoz. I: Schering USA. Bayer. 

In derivatives where RZ = CF3, no shift was produced in the bands 
compared to the same derivatives with Rz = H, but the second peak 

Therefore, these bands correspond to a - ~ *  transitions (with the excep- 
tion of the SR type, which was not studied). 

The bathochromic shifts could have been produced by an instability 
in the fundamental state caused by the substituent and possible stability 
in the excited state. Where bands remained unaltered, it was assumed 
that the substituents did not interact with the a-structure of the ring. 
I t  is difficult to explain the effect of certain substituents, such as OCH3 
and CFB, which caused the disappearance of some bands. The influence 

disappeared. 
For derivatives where Rz = SCH3 or SCzH5, an intense bathochromic 

shift was present in the first peak, the second peak remained a t  265 nm, 
and a transition peak appeaied (245-228 nmjthat  seemed to represent 
a vibratory structure. This transition could have been caused by the sulfur 
atom in the substituent [the same bands also appeared a t  the same 
wavelengths in the spectra of identical neutral products @)I. 

Visible Spectra-The influence of the Rz substituent on the first band 
was studied. 

For the molecular series of I and VI-VIII, the results in Table I1 indi- 
cate that the substituents caused bathochromic shifts except for Rz = 
CF3, where a hypsochromic effect existed in the first band. The same shift 
occurred with the perazine-derived molecules (V and X-XIII). 

The effect of the Rlo substituent in the first band of the visible zone 
was observed in I-V. The values in Table I1 for these compounds show 
that not only the reduction in the number of carbons between the two 
nitrogens of the alkyl chain and of the nucleus, but also the introduction 
of substituents in the chain, produced small bathochromic shifts. 

For the second and third bands, where a vibratory structure appeared 
to exist, the Rlo substituent produced bathochromic effects. Contrary 
to the case with the first band, the Rz substituent did not exert such a 
pronounced effect as the Rlo substituent (5). 

Analysis of Spectra with Different Solvents-A comparison of 
spectra using different solvents showed that the characteristic bands did 
not undergo any change. As a result, it was deduced that a difference in 
the polarity of the solvent did not produce a shift in the bands assigned 
to these compounds. I t  follows that the transition cannot be of the n-a 
type where any influence of the solvent polarity would be pronounced. 

Table  11-UV and Visible Spectra of the  Radical Cations of 
Some Phenothiazines Derivatives in Solution 

Product UV A,,,, nm Visible A,,,, nm 

I 
I1 

I11 
1v 
V 

VI 
VII 

VIII 
IX 
X 

XI 

272,264,212 518,775-865 
272.265.212 520.780-875 
27i; 264; 210 520: 792-890 
272,265,212 523,785-882 
272,265,212 517,774-860 
276.268.212 534.775-865 

272: 214 505: 770-858 
2821 228 573; 760s-820 
282,224 575,770s-825 

276,268.217 535,775-865 
272: 212 505: 775-860 

XI1 
XI11 
XIV 
XV 

XVI 
XVII 

210 405; 465~-493,650,830s, 910 
216 525,778-865 
215 537,775-867 
212 505,775-860 
208 530,775-860 
210 363,4ooS-470,495,650,830,900 
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14 n 

0-- 
200 240 280 320 360 400 

h,  nm 
Figure  1-Plot of abarirbance versus IlV lonuelength for promazine 
radical catron i t ]  9 N HzS‘04. 

1 ~ 1 ’  the H 1 0  suhstituent appears on the electronic transition of the lowest 
energy transitions (with vihr:itional structure) in the visible range. This 
fact was attrihuted to the effect olthe Rl,, interaction on the vibrational 
states. 

Solid-state Spec t ra  of Cation Radicals-The diffuse reflection 
spectra contained one band at  500 nm and another very wide band of 
equal intensity a t  600-1200 nm. There were no other transitions in the 
field until 2000 nm. 

A comparison was made with the visible spectrum of a cation radical 
in solution (curve e, Fig. 2). The locat.ion of the first hand corresponded 
with the spectrum of the same radical in solution (515 nm). although it 
was slightly displaced toward the hlue zone. These transitions of the 
monomer were affected by the field of the other cations and caused a shift 
in the T-T* hands. The second band, wide and equal in intensity to the 
first hand, was attrihuted to a charge transfer transition and appeared 
to  superimpose on the electronic transition of the monomer in solution 
that appeared at 750-870 nm. This band exhibited the typical charac- 
teristics of a charge transfer: it was wide and wit.hout defined maxima. 

To  study the influence of the Rlo substituent, I, 11, IV, and V were 
considered (Fig. 2). If the maximum of this hand is considered to be -1000 
nrn, the promazine and perazine maxima were shifted toward the blue 
zone while t.he maxima of trimeprazine and diethazine were shifted 
toward the red zone. 

900 1000 1500 
A. nm 

Figure 2-Solid-statr rrflwtancr spectra of radical cations (reflectance 
versus A ) .  K c y :  a. diethnzine; b. proninzine; c ,  perazine; and d, tri- 
meprnainv. Thc~ iisihlc s p t c t r u m  O /  the perazine radical cation in sul- 
furic. acid also is shourn ( 1 , ) .  

Study of the influence of the H.2 suhstituent in the perazine family 
showed that the ahsorpt.ion peak varied slightly from 900 nm. Therefore, 
the Rlo lateral chain appears to exert a greater effect than the Rz suh- 
stituents in the solid state. The influence of the Rlo chain could he due 
to steric effects. This steric effect is augmented by an increase in the chain 
length and the different configurat.ions that may result. This chain could 
insert itself between two radicals in the same column and the separation 
between them would increase, thus diminishing the possibility of a charge 
transfer and shifting the maximum toward the hlue zone. Magnetic 
susceptihility studies could be conducted to verify this supposition. 
Promazine and perazine compounds should exhibit greater paramag- 
netism t.han the trimeprazine and diet hazine compounds’. 

The transition was attrihuted to a charge transfer in the solid state and 
is thought to  he caused through t.hose ion radicals that  are sufficiently 
close to overlap their half-complete *-orbitals. 

Phenothiazine and its derivatives in neutral form are puckered by the 
heteroatoms (9). 

In phenothazine oxidation, the positive charge is distributed 
throughout the nucleus, and the phenothiazine ion subsequently has to  
adopt a plane spatial structure for st,ability. On the other hand, it was 
concluded from electron-proton resonance studies (10, 11) that the 
positive charge is centered on the hetero ring. A definitive solution could 
he achieved by an X-ray diffraction study of these ions in the solid state. 
These ions could he in the form of infinitely long columns (12); this type 
of‘ structure has been proposed lor several ion salts (13). 

The columns are believed to he formed by equidistant ion radicals (14). 
The separation of t,hese ion radicals within the same column also could 
be studied by X-ray analysis. The columnar structure and the interplanar 
distance between the ions comprising the column can lead to charge 
transfer complexes. Here, the bond can he described as being formed by 
the overlap of half-complete a-orbitals of a donor molecule, D ,  and an 
acceptor, A.  In this case, A and D are equal, and it follows t.hat each 
molecule participates in the format ion of overlapping orbitals. With two 
identical radicals, greatest interaction would take place when the two ions 
are superimposed. 

The existence of distinct suhstituents capable of producing a large 
steric effect when interposed between two radicals o f  the same column 
appeared to have a marked influence on the packing distance of the cation 
derivatives in this study. 

The apparent opposition that exists between the formation of solid 
structures with the participation of charge transfer bonding forces and 
the existence of unpaired electrons of these ion radicals, which in turn 
exhibit semiconductor properties associated with the unpaired electrons 
(15), should he considered. Likewise, the decrease in paramagnetic 
properties as a result of charge transfer interactions should be noted. 
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