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It was previously shown by coworkers of the Institute of Pharmacology of the AcadeMy of 
Medical Sciences of the USSR that the transition from the 10-aminoalkyl derivatives of pheno- 
thiazine to the corresponding lO-aminoacyl derivatives was associated with a significant change 
in the character of the pharmacological action. The substances thereby lose the neuroleptic 
activity and acquire tropism in relation to the cardiovascular system [2]. A series of active 
anti-anginal (chloracyzine, nonachlazine) and antiarrhythmic agents was obtained by a straight- 
forward principle. It was also established that the antiarrhythmic activity of the 10-amino- 

acyl derivatives of phenothiazine is most marked when the N-carbalkoxyamino group is present as a 
substituent in the two position of the cyclic phenothiazine system. The first antiarrhythmic prepa- 
ration of the given series was ethmozine- 2-carbethoxvamino-lO-(B-morpholinopropionyl)phenothiazine 
hydrochloride (Ib) [5], which is widely employed inmedicine at the present time. Further detailed in- 
vestigations in this series showed that some of the compounds which are analogs of etmozin differ sig- 

nificantly from it according to the spectrum of cardiotropic action. Ethacizine (Ia) -- 2- 
carbethoxyamino-10-(8-diethylaminopropionyl)phenothiazine hydrochloride, which is an analog 
of ethmozine, shows antirrhythmic action and, besides this, marked anti-ischemic action which 
is combined with the capacity to restrict the amount of the experimental infarct [i]. More- 
over, the antiarrhythmicactionof ethacizine is significantly more prolonged. Ethacizinewas sub- 
jected to a clinical study, and was recommended for application in medicine by the Pharmaco- 
logical Committee of the Ministry of Public Health of the USSR. 

The synthesis of ethacizine is accomplished on the basis of the scheme previously developed 
for the isolation of ethmozine 5]:the reaction of 2-carbethoxyaminophenothiazine (II) with 8- 
chloropropionyl chloride and the subsequent action of diethylamine on 2-carbethoxyamino-10- 
(8-chloropropionyl)phenothiazine (III). Another route can also be utilized; this proceeds 
via 2-carbethoxyamino-10-acryloylphenothiazine (IV), which is obtained by the action of acryl- 
oyl chloride on II or by the elimination of hydrogen chloride from III. Ethacizine (Ia) is ob- 
tained by heating the acryloyl derivative (IV) with diethylamine. Ethmozine (Ib) can also be 
obtained analogously. The physicochemical and spectral characteristics of ethacizine are pre- 
sented in ~ the experimental part. 
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In connection with the application of aminoacyl derivatives of phenothiazine in medical 
practice, the necessity for the study of their metabolism emerged; "markers" were required 
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for the confirmation of the structure of the detected products of biotransformation. It was 
possible to anticipate the formation of compounds specified, among others, as possible meta- 
bolites. The hydrolysis of the aminoacyl fragment could produce II. The B-elimination could 
produce IV. In addition, Vlla, b were possible products of the oxidation of compounds la,b, 
and VI and VIII were possible oxidized metabolites. Some of these compounds were of interest 
as possible products of the decomposition of the substances la,b or their drug forms, since 
they are formed on storage. 

The chloropropionyl derivative III was oxidized with a mixture of nitric and sulfuric 
acids [6]; the resulting 2-carbethoxvamino-5-oxo-10-(B-chloropropionvl)phenothiazine (V) was 
converted to the S-oxide Vllaof ethacizineandthe S-oxideVllbof ethmozineby the action of 
diethylamine or morpholine respectively. The alkaline hydrolysis of V gave 2-carbethoxyamino- 
5-oxophenothiazine (VI). The oxidation of IV under the conditions indicated above led to the 
formation of 2-carbethoxyamino-5-oxo-10-acryloylphenothiazine (VIII). These compounds, as well 
as the 2-amino- and 2-acetylaminaphenothiazines which we previo,,s]y obtained [4], are employed 
in the investigation of the metabolism and pharmacokinetics ofethacizine at the present time. 

EXPERIMENTAL 

The UV spectra were taken on a "Perkin-Elmer 402" spectrophotometer (England); the solvent 
was methanol. The IR spectra were taken on a "Perkin-Elmer 580B" spectrophotometer (England) 
with disks of KBr. The PMR spectra were taken on a "Varian T-60" instrument (USA); the solvent 
was a mixture of DMSO-d6 and CDCI3. The internal standard was HMDS. The mass spectra were 
taken on a "Varian MAT-If2" mass spectrometer (USA) with the ionizing voltage of 50 eV and the 
source temperature of 200~ The purity of the compounds was monitored on plates of "Silufol 
UV-254" (Czechoslovakia). 

_2-Carbeth~176176176176176 .... (III) . This compound was obtained by 
the method described in the work [5]. 

2-Carbethoxyamino-10-acryloylphenothiazine ~IV). A [from 2-carbethoxyaminophenothiazine- 
(II)]. To the suspension of 2.8 g (0.01 mole) of II in 15 ml of benzene is added the solution 
of 1.06 g (0.012 mole) of acrylyl chloride in 2 ml of benzene with boiling and stirring. The 
reaction mixture is heated while boiling it for 3 h. The precipitate which separated out af- 
ter cooling is filtered off. The yield of IV is 2.5 g (73%); it has mp 215-216~ (from etha- 
nol). Found, %: N 8.16 and S 9.57. C18HI6N20~S. Calculated, %: N 8.26 and S 9.45. The UV 
spectrum, given as %max, nm (log e), is as follows: 234 (4.54), 291 (4.16), and 300 (4.18). 
The IR spectrum, given as ~max, cm-1, is as follows: 3290 (NHamide), 1725 (COurethane!, and 

650 (COamide). 

B [from 2-carbethoxyamino-lO-(B-chloropr0Pionyl)phenothiazine (III)]. To the solution 
of 3.75 g (0.01 mole) of III in 20 ml of toluene are added 2.02 g (0.02 mole) of triethylamine 
in 20 ml of toluene. The mixture is boiled for 2 h. The precipitate which separated out af- 
ter cooling is filtered off, washed with water, and recrystallized from ethanol. The yield of 
IV is 2 g (58%). It has mp 216-217~ and does not show a depression of the mp in the mix- 
ture with the substance obtained according to the method A. 

2-Carbethoxyamino-10-(B-diethylaminopropionyl)phenothiazine Hydrochloride, [Ethacizine, 
(la)]. A [from 2-Carbethoxyamino-lO-(B-chloropropionyl)phenothiazine (III)]. The mixture of 

(0.05 mole) of III, 8~04 g (0.Ii mole) of diethylamine, and 75 ml of toluene is heated 
at 60~ for 3 h. After cooling the mixture, the precipitated residue of diethylamine hydro- 
chloride is filtered off and washed with toluene. The combined toluene solutions are washed 
with water, dried with magnesium sulfate, and filtered; (la) is isolated by the addition of 
an alcoholic solution of hydrogen chloride. The yield of la is 19.02 g (84%); the mp is 202- 
204~ (from absolute ethanol). The Rf was 0.5 (9:1 chloroform-diethylamine). Found, %: C 
58.80, H 6.41, CI 7.71, N 9.18, and S 7.22. C22H=TH30~SHCI. Calculated, %: C 58.72, H 6.27, 
CI 7.88, N 9.34, and S 7.13. The UV spectrum, given as %max, nm (log ~), is as follows: 268 
(4.32). The IR spectrum, given as ~max, cm-1 is as follows: 3290 (NHamide) 2600, 2490 (N+H) 
1726 (COurethane), and 1684 (COamide). The PMR spectrum, given as ~, ppm, is as follows: 
0.97-1.54 (overlapping mu]tiplet, 9H, 3CH3), 2.66-3.57 (overlapping multiplet, 8H, CH2CO + 
3NCH2), 4.17 (quartet, 2H, COOCH2), 9.9 (singlet, IH, NHCO), and 10.87 (singlet, IH, N+H). 
The mass spectrum (m/z) is as follows: 413, 367, 340, 285, 239, and 86. 

The Base la. This was isolated from the aqueous solution by the action of a dilute solu- 
tion of sodium hydroxide; it had mp I06-I07~ (from aqueous isopropyl alcohol). Found, %: 
C 63.28. H 6.43, and N 10.15. C22H27N303S. Calculated, %: C 63.89, H 6.58, and N 10.16. 
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The p-Toluenesulfomethylate Ia. This was obtained by the action of methyl p-toluenesul- 
fonate on an ethereal solution of the base Ia. It had mp 188-190~ Found, %: C 60.10, H 
6.55, and N 6.83. C22H27N303S-CsHIoO3S. Calculated, %: C 60.07, H 6.21, and N 7.00. 

B [from 2-Carbethoxyamino-10-acryloylphenothiazine (IV)]. The mixture of 3.4 g (0.01 mole) 
of IV, 0.88 g (0.012 mole) of diethylamine, and 25 ml of dichloroethane is heated with boil- 
ing for 3.5 h. After cooling, the reaction mass was washed with water, dried with magnesium 
sulfate, and filtered; I is isolated by the addition of an alcoholic solution of hydrogen chlo- 
ride to pH 2.0-3.0. The mixture of the solvents is distilled, and the residue is crystallized 
from absolute ethanol. The yield of la is 2.7 g (60%). The mp is 200-201~ it does not 
show a depression of the mp from the mixture with the substance obtained according to the 
method A. 

2-Carbethoxyamino-10-(B-N-morpholinopropionyl)phenothiazine Hydrochloride [Ethmozine (Ib)]. 
From 3.36 g (0.009 mole) of IV and 0.78 g (0.009 mole) of morpholine in 25 ml of dichloro- 
ethane are obtained 2.27 g (55%) of etmozin (Ib) in the conditions of the preceding experiment. 
It has mp 205~ (with decomposition from the 1:2.5 mixture of ethyl acetate and absolute etha- 
nol). Found, %: CI 7.48 and S 6.93. C22H2~N304S'HCI. Calculated, %: CI 7.64 and S 6.91. 

2-Carbethoxyamino-5-oxo-10-(~-chloropropionyl)phenothiazine (V). To the mixture of 25 
ml of glacial acetic acid and 3.6 ml of nitric acid (d = 1.42) are added 4.75 g (0.0125 mole) 
of III in portions with stirring while maintaining the temperature of 5-7~ The reaction 
mass is stirred for 15 min more at 20~ and is poured into water. The precipitated residue 
is washed with water until a neutral reaction of the rinse water is obtained. The yield is 
2.86 g (60%); the mp is I05-I06~ (with decomposition fl;om aqueous ethanol). The IR spectrum 
(~max, cm-1) is as follows: 3240 (NH), 1732 (COurethane), 1710 (COamide), 1050, and 1015 (SO). 
Found, %: C1 9.35 and S 8.23. C18HxTCIN204S. Calculated, %: C1 9.02 and S 8.]6. 

2-Carbethoxyamino-5-oxo-10-acryloylphenothiazine (VIII). From 1.7 g (0.005 mole) of IV 
and the mixture ot lO ml o~ anhydrous acetic acid and 1.4 g (d = 1.42) of nitric acid, in the 
conditions of the preceding experiment, are obtained i.i g (60%) of VIII with the mp !92-193~ 
(from isopropyl alcohol). Found, %: N 7.89 and S 9.30. CIsHI6N204S. Calculated, %: N 7.86 
and S 9.00. 

2-Carbethoxyamino-5-oxophenothiazine (VI). To the solution of 1.96 g (0.005 mole) of V 
in 35 m! of ethanol are added 5 ml of a 10% solution of sodium hydroxide. The mixture is 
heated for i0 min with boiling and stirring. The precipitated residue is filtered off and 
thoroughly washed with warm water and then with acetone. The yield is 0.8 g (54%); mp > 

240~ The IR spectrum (~max, cm-~) is as follows: 3250 (NHurethane) , 3155 (NHphenothiazine) , 
1730 (COurethane) , and 1058 (SO). Found, %: N 9.34 and S 10.32. C25HI4N203S. Calculated, %: 
N 9.26 and S 10.60. 

2-Carbethoxyamino-5-oxo-10-(~diethyiaminopropionyl)phenothiazine Hydrochloride (VIIa). 
To the solution of 1.96 g (0.005 mole) of V in 35 ml of toluene is added the solution of 0.83 
g (0.011 mole) of diethylamine in 5 ml of toluene with stirring. The reaction is performed 
at 90-I00~ in the course of 4 h. After cooling the reaction mass, the precipitated diethyl- 
amine hydrochloride is filtered off; the toluene solution is washed with water and dried by 
azeotropic distillation. An ethereal solution of hydrogen chloride is added, and the precipi- 
tated hydrochloride is filtered off. It is triturated with dry ether. The yield of VIIa is 
1.07 g (50%); the mp is 177-178~ (from toluene). The IR spectrum (~max, cm-1) is as follows: 
3290 (NH), 1730 (COurethane) , 1690 (COamide) , and 1040 (SO). Found, %: CI 7.47, N 9.16, and 
S 7.08. C22H27H304S-HCI. Calculated, %: C1 7.38, N 8.76,and S 6.86. 

2-Carbethoxyamino-5-oxo-10-(B-morpholinopropionyl)phenothiazine Hydrochloride (VIIb). 
To the solution of 1.96 g (0.005 mole) of V in 35 ml of toluene are added 1.18 g (0.011 mole) 
to morpholine; the reaction and the treatment are carried out in the same way as for the iso- 
lation of VIIa. The yield of VIIb is i.i0 g (46%); its mp is 184-185~ (from the mixture of 
ethanol and ethyl acetate). The IR spectrum (~max, cm-1) in oil is as follows: 1740 (COur e_ 
thane), 1693 (COamide) , and 1063 (SO). Found, %: C 53.07, H 6.02, C1 7.22, N 8.44, S 6.49, 
and H20 4.10. C22H25N305S'HCI'H20. Calculated, %: C 53.06, H 5.66, CI 17.12, N 8.43, S 6.43, 
and H20 3.61. 
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