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I. INTRODUCTION 

Purpose of This Investigation 

Heterocyclic cation radicals (Fig. 1) have been postulated for 

a number of decades; however, only since the advent of electron spin 

resonance spectroscopy (esr) have their existence and structure been 

proven. In the past, emphasis has been placed on the generation and 

identification of these radicals. Only recently has their chemistry 

been investigated with a few papers on the subject having been 

published. Thianthrene and phenothiazine cation radical perchlorates 

(i.e., 2^ ^nd 2^* respectively) have been the most extensively in

vestigated of these radicals. 

The purpose of this study was to investigate the chemistry of 

10-methylphenothiazine cation radical perchlorate (2c) with emphasis 

on comparing its chemistry with that of other cation radicals in the 

series (Fig. 1). 

General Review of the Cation Radical Chemistry 

of Phenothiazine and its Derivitives 

A vast amount of research has been done on molecules containg a 

phenothiazine nucleus; consequently, a number of reviews have been 

written (1-10). Chapter four of Bordea and Silberg's review (9) 

summarizes the cation radical chemistry until 1966. From their 

review two conclusions can be drawn. First, a number of phenothiazine 

related cation radicals have been generated and characterized. They 

were generated by one or more of the following methods: electro

chemical, photochemical, or chemical oxidation, and characterized by 



2a (X = S, Y = S) 

2b (X = S, Y = N-H) 

2c (X = S, Y = N-CH^) 

2d (X = S, Y = N-Ph) 

2e (X = S, Y = 0) 

2f (X = 0, Y = 0) 

2g (X = 0, Y = N-H) 

lb (X = N-H, Y = N-H) 

Fig. 1. — Structure of heterocyclic cation radicals-

-5ee Appendix for compendium of enumerated structures 



esr spectroscopy. Second, the chemistry of the cation radicals was 

investigated with the goal of elucidating the species and mechanism(s) 

involved in the transformations between oxidized forms. Since 1966 

a few additional papers concerning the chemistry of phenothiazine 

related cation radicals have appeared; these are summarized below, 

Phenothiazine cation radical (2b) has been the most extensively 

investigated radical of the phenothiazines. Sato, et al., (11) and 

Sullivan (12) have studied its properties using esr spectroscopy. 

Foster and Hanson (13) have suggested that the green solid observed 

by several workers (14-16) during oxidation of phenothiazine was due 

to the cation (2). 

^ ^ 

Later, Hanson and Norman (17), using spectroscopic methods to study 

the reactions brought about when phenothiazine cation radical (2b) 

or phenothiazinium ion (2) in acetonitrile was treated with aqueous 

solutions of various pH-values, were able to confirm the structure 

of the green solid and obtain evidence from which they proposed a 

mechanism for the interconversion of phenothiazine and its oxidized 

forms. 
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Shine, et al., (16) described the reactions of phenothiazine cation 

radical perchlorate (2b) with pyridine and with chloride, bromide, 

iodide, fluoride, and nitrite ions. The reactions with pyridine and 

with chloride, bromide, and nitrite ions gave phenothiazine and 3-

substituted phenothiazine derivatives as indicated in Equation 1. 

, ClO^ NuX + 2 HX (1) 

The reaction of 2^ with iodide ions gave phenothiazine quantitatively 

while the reaction with fluoride ions gave phenothiazine, 3,10'-

biphenothiazinyl (A) and an unidentified green solid, which was sub

sequently shown by Hanson and Norman (17) to be 2^. 



The chemistry of 10-phenylphenothiazine cation radical perchlorate 

(2d) has been investigated by Shine and co-workers (18,19). Shine 

and Kim (18) showed that the reaction of _t-butylamine with 2^ gave 

10-phenylphenothiazine and an N-_t-butyl derivative as described in 

Equation 2. 

, Glor

ia,d 

NH2C(CH^)^ 
+ HCIO, (2) 

N 

CIO, 

Shine and Bandlish (19) studied the reaction of 2^ with other amines, 

ammonia, and ketones. They reported that primary and secondary amines 

gave N-substituted derivatives (as in Eq. 2), that ammonia gave a 

dimeric product, and that ketones gave 3-ketoalkylsulfonium perchlorates 

10-Methylphenothiazine cation radical perchlorate (lc) has also 



been generated and characterized. Shine, et al., (20) have demonstrated 

the interconversion of 2c and 10-methylphenothiazine dication in 

sulfuric acid solutions using both 10-methylphenothiazine and 10-methyl-

phenothiazine-5-oxide. Sato, et al., (11) prepared the SbCl/ and 

SbClc salts of 2c and measured their esr spectra; Sullivan and Bolton 

(12) studied the esr properties of 10-methylphenothiazine in sulfuric 

acid-nitroraethane solutions; and Litt, et al., (21) prepared the 

perchlorate salt of 2c and studied its magnetic properties. Borge 

and Bruins (22) studied the photooxidation of 10-methylphenothiazine, 

and Kowert, et al., (23) the homogeneous electron transfer reaction 

between 2c and 10-methylphenothiazine by magnetic resonance techniques. 

A number of other workers (24-26) have studied the chemiluminescenee 

resulting from the electron transfer from anion radicals to 2c • 

Nomenclature 

The phenothiazine nucleus (5̂ ) is numbered and named in compliance 

with the lUPAC rules. Dr. Loening (27), nomenclature director of 

Chemical Abstracts Service, suggested the naming of the following 

compounds: 



, CIO, 

/™2C6«5 

7e 13 7f 

, CIO, 

7k 

CH^COCH^ 

S 

20a 

CIO, 

C,H_COCCOC.H, 
6 5 II 6 5 

23 

2^* 5,5-Dihydro-lO-methy1-5-(benzyliraino)phenothiazine perchlorate 

13: 5,5-Dihydro-lO-methy1-5(benzylimino)phenothiazine 

2f: 5-(Dimethyliminio)-5,5-dihydro-lO-methylphenothiazine perchlorate 

2k: 5,5-Dihydro-10-methyl-5-piperdinium-l-ylidenephenothiazine 

perchlorate 

20a: 5-Acetonyl-lO-methylphenothiazine 

23: 5-(Dibenzoylmethylene)-5,5-dihydro-10-methylphenothiazine 
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Mechanistic Aspects of Cation Radical Reactions 

The mechanistic aspects of reactions of heterocyclic cation 

radicals with nucleophiles have long been of interest. In 1962 

Shine and Piette (28) reported that the pouring of sulfuric acid 

solutions of thianthrene cation radical (2a) onto crushed ice 

resulted in the formation of equal amounts of thianthrene and 

thianthrene-5-oxide. They proposed the formation of products as 

occurring either by the sequence of Equations 3 and 4 or by the 

sequence 5 and 6. 

2 Th-^ ^ Th + Th (3) 

k 
Tĥ "*" + H^O ^ > ThO + 2H'^ (4) 

Th-"̂  + H2O vTh + 0.5 H2O2 (5) 

H2O2 + Th >ThO + H2O (6) 

In 1966 Cauquis (29) classified cation radical reactions into two 

categories. The first category represents reactions where the cation 

radical is reduced by the nucleophile whereas the second category 

represents reactions where the cation radical is attacked by the 

nucleophile to give a substituted compound. Cauquis proposed that 

the mechanism for reactions of category two be represented by either 

Equations 7 and 8 or by Equations analogous to Equations 3 and 4. 

H2O + P-"*" , POH- + H"*" (7) 

POH- + P- >P0 4- P + H (8) 



In 1969 Shine and Murata (30) investigated the kinetics of 

thianthrene cation radical perchlorate's (2a) reaction with water. 

They found the reaction to be second order in 2^ ^nd concluded that 

the mechanism represented by Equations 3 and 4 best fit the data. 

They suggested that this mechanism may apply to reactions of sulfur 

containing cation radicals such as phenoxathiin. 

In 1970, Parker and co-workers (31) criticized Shine's mechanism 

on the basis of the small disproportionation constant K (Eq. 3). 

-9 

For K to be as small as it is (K = 10 , 32-33) the rates of sub

stitution must approach those of diffusion controlled rates. Parker 

(34) then offered a mechanism (Eqs. 9-10) for the observed kinetic 

and product-ratio data. 

2TH-''"C10̂ " t (Th-"'"C10̂ ")2 (9) 

(Th-'^C10^")2 + H2O VThO + Th + 2HC10^ (10) 

However, Shine and co-workers (35) subsequently offered further evidence 

for their mechanism (Eqs. 3-4) and questioned the validity of Parker's 

mechanism (Eqs. 9-10). 

In 1975 Parker, et al., (36) investigated the anisylation of 

thianthrene cation radical perchlorate (2a), previously investigated by 

Shine and Silber (37). Shine and Silber had found that the reaction 

was second order in cation radical ([Th* C10^~]), first order in 

anisole ([ArH]), and inverse first order in thianthrene ([Th]). 

Parker, et al., using electrochemical techniques confirmed the 

dependencies of [Th'^lO ~] and [ArH]; however, Parker observed a more 
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complex dependency of K , , on [Th] than the simple inverse first 

order dependence of Shine. Parker proposed that this dependency rules 

out both Shine's (Eqs. 3-4) and his (Eqs. 9-10) earlier proposed 

mechanisms and offered Scheme 1 to account for the kinetic and product-

ratio data. 

Scheme 1 

Th-'^CIO" + AnH TZZZ^ (Th-AnH) •"'"ciO " 

(Th-AnH)-'*"ciÔ " + Th-"^C10^" ^ 1 (Th-AnH)̂ "*'2ClÔ " + Th 

(Th-AnH) ̂ "'"2010̂ " > (Th-An)'^ClO^" + HCIO^ 



II. EXPERIMENTAL 

General Information 

Spectroscopic Techniques 

All visible and ultraviolet spectra were taken in reagent grade 

acetonitrile (<.01% water) on either a Beckman DK-2A or a Cary-118 

Spectrometer. The nmr spectra were taken on one of the following 

Varian NMR Spectrometers: EM-360, XL-100, or A-60A. A Perkin-Elmer 

457 Grating Infrared Spectrometer was employed for all infrared 

spectra, using KBr pellets as medium. The mass spectra were taken on 

a Varian MAT-311 Mass Spectrometer. 

Chromatographic Material 

Merck No. 7733 and EM No. 7730 silica gels were used for column 

and thick layer chromatography, respectively. 

Chemical Analyses 

Analyses were performed by Schwarzkopf Microanalytical Laboratory. 

Solvents, Reagents, and Purification Techniques 

All solvents, unless otherwise specified, were distilled technical 

grades. 

The deuterated solvents for nmr spectroscopy were from Stohler 

Isotope Chemicals. 

The gaseous amines and ammonia from Matheson Coleman and Bell 

and the liquid amines were used without further purification. 

All ketones except acetone were used without further purifica

tion. Acetone was purified by refluxing reagent grade acetone with 

potassium permanganate for 24 hours and distilling. 

11 
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10-Methylphenothiazine from Eastman Kodak Company was used with

out further purification. lO-Methylphenothiazine-5-oxide was pre

pared according to Burger (38). 

Preparation and Analysis of 10-Methylphenothiazine 

Cation Radical Perchlorate (lc) 

2c was made by a method analogous to that used by Billion (39) 

to prepare phenothiazine cation radical perchlorate (2b). To 35 ml 

of 70% perchloric acid were added 3.45 g (15 mmol) of 10-methyl-

phenothiazine-5-oxide and 3.21 g (15 mmol) of 10-methylphenothiazine. 

The solution was stirred for 5 minutes at which time 150 ml of 

acetone (0°C, reagent grade) and 500 ml of ether (anhydrous) were 

added to the magneta solution. The solution was filtered, and the 

green precipitate was washed with ethyl acetate and dried under 

vacuum, giving 8.27 g (26.4 mmol, 88%) of 2c. The green solution 

was found to be 95% cation radical perchlorate by potentiometric 

titration of the iodine generated from the reduction of 2c by KI; 

routine assays of 92-96% cation radical perchlorate were obtained. 

If 2c exists as a hydrate (21), then the cation radical perchlorate's 

purity would approach 100%; however, throughout this investigation 

all yields were based on a 92% cation radical perchlorate purity. 

The reduction of 2c with KI was done on a larger scale for the 

purpose of analyzing the reaction mixture. This time 276 mg (0.881 

mmol) of the above analyzed cation radical perchlorate was dissolved 

in 30 ml of an acetonitrile-potassium iodide solution. The yellow 

solution was stirred for 5 minutes, concentrated, and the residue 
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was streaked on silica thick layer plates. The plates were developed 

with ether and put into the oven to sublime the iodine. After sub

limation two bands were present; the top band consisted of 155.6 mg 

(0.73 mmol, 87%) of 10-methylphenothiazine and the bottom band con

sisted of 8.90 mg (0.038 mmol, 4.6%) of lO-methylphenothiazine-5-

oxide. 

The Reaction of 10-Methylphenothiazine Cation Radical 

Perchlorate with Amines— and Ammonia-

To a well-stirred acetonitrile (< .01% water) solution of 2c was 

added an excess of alkyl- or arylamine. In the case of gaseous 

amines and ammonia, the gas was bubbled through the solution for 1 

minute. In all cases the reaction appeared to be over in less than a 

minute (solution changed color); however, the reaction mixture was 

stirred for a total of 30 minutes. The reaction mixture was concen-

trated, the residue was streaked on silica thick layer plates, and 

the plates were developed with carbon tetrachloride, giving a top 

band consisting of 10-methylphenothiazine and a base band consisting 

of an N-substituted sulfJ limine perchlorate, an ammonium perchlorate, 

and an unidentified colored material. The base band was removed 

and extracted with acetone, the silica gel was filtered off, water was 

added to the filtrate, and the aqueous solution was extracted with 

•According to the stoichiometry of Equation 12 (see page 41), 
quantitative conversion of 2c would give 50% 10-meLhylphenothiazine 
and 50% of a sulfilimine perchlorate. 

—The yields were based on the stoichiometry in Equation 11 (see page 
41). 
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methylene chloride. The methylene chloride solution was dried (MgSO,), 

decolorized with charcoal, and ether was added to cause crystaliza-

tion of the N-substituted sulfilimine perchlorate. The decoloriza-

tion and ether addition were repeated until satisfactory crystals 

were obtained. 

1. Reaction of lc with Methylamine. Formation of 7a. 

The reaction was carried out using 448 mg (1.43 mmol) of 2c to 

yield 165 mg (0.775 mmol, 58%) of 10-methylphenothiazine and 126 mg 

(0.37 mmol, 29%) of 5,5-dihydro-10-methyl-5-(methylimino)-phenothiazine 

perchlorate (white needles), mp 134-136" (red melt), whose properties 

were the following: 

The infrared spectrum showed a strong broad band at 9.5y (CIO, ) 

and a broad medium-sized band at 3.2y (N-H). 

-3 
Ultraviolet spectrum: X (nm), and 10 e: 348, 5.9; 306, 

—max — 
7.3; 270, 10.0; 219, 25.0 

Anal. Calcd. for C^^H^^N2SC10^: C, 49.05; H, 4.41; N, 8.17; 

S, 9.35; CI, 10.34. 

Found: C, 49.12; H, 4.60; H, 8.00, S, 9.31; CI, 10.20. 

2. Reaction of lc with N-Propylamine. Formation of 7b. 

The reaction was carried out using 488 mg (1.56 mmol) of 2c to 

yield 198 mg (0.930 mmol, 65%) of 10-methylpheuothiazine and 121 mg 

(0.326 mmol, 22%) of 5,5-dihydro-lO-methyl-5-(propylimine)-pheno

thiazine perchlorate (white plate-like crystals), mp 143-145° (red 

melt), whose properties were the following: 

The infrared spectrum showed a strong broad band at 9.3y (CIO, ) 

and a sharp medium-sized band at 3.2iJ (N-H). 



15 

-3 
Ultraviolet spectrum: A (iwn), and 10 e: 346, 5.4; 305, 

max 

5.9; 268, 11.0; 218, 25.0 

Pmr (CDCl^) §_: 8.12-7.24 (m, 8H, aromatic), 5.92 (t, IH N-H, 

J=6), 3.88 (s, 3H, lO-CH^), 2.58-2.32 (m, 2H, N-CH2-), 1.46-1.2 

(m, 2H, -CH^-), 0.66 (t, 3H, -CH^, J=6). 

Anal. Calcd. for C^^H^gN2SC10^: C, 51.82; H, 5.16; N, 7.55; S, 

8.64; CI, 9.55. 

Found: C, 51.96; H, 5.37, N, 7.48; S, 8.71; CI, 9.27. 

3. Reaction of lc with tert-Butylamine. Formation of 7c. 

The reaction was carried out using 576 mg (1.84 mmol) of 2^ to 

yield 290 mg (1.36 mmol, 80%) of 10-methylphenothiazine and 69.3 mg 

(0.18 mmol, 11%) of 5,5-dihydro-lO-methy 1-5-(_t-butylimino)-pheno

thiazine perchlorate (white granular crystals), mp 163-165° (red 

melt), whose properties were the following: 

The infrared spectrum showed a strong broad band at 9.3y (CIO, ) 

and a sharp medium-sized band at 3.1IJ (N-H). 
-3 

Ultraviolet spectrum: A (nm), and 10 e: 348, 6.0; 302, 
—max — 

6.9; 266, 17.0; 216, 31.0. 

Pmr (DMSO-dg) §_: 8.4-7.35 (m, 8H, aromatic), 7.22 (s, IH, N-H), 

3.86 (s, 3H, lO-CH^), 1.25 (s, 9H, _tBu). 

Anal. Calcd. for C^^H2j^N2SC10^: C, 53.04; H, 5.51; N, 7.27; S, 

8.33; CI, 9.21. 

Found: C, 53.10; H, 5.59; N, 7.50; S, 8.05; CI, 9.10. 

4. Reaction of lc with Cyclohexylamine 

The reaction was carried out using 889 mg (2.84 mmol) of 2c to 
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yield 343 mg (1.61 mmol, 62%) of 10-methylphenothiazine and a brown 

oil which could not be crystalized; no effort was made to characterize 

the brown oil. 

5. Reaction of lc with Aniline 

The reaction was carried out using 269 mg (0.861 mmol) of 2c to 

yield 164 mg (0.772 mmol, 97%) of 10-methylphenothiazine; ao attempt 

was made to isolate the oxidation product(s). 

6. Reaction of lc with Benzylamine. Formation of 7e. 

The reaction was carried out using 423 mg (1.35 mmol) of 2c to 

yield 160 mg (0.75 mmol, 60%) of 10-methylphenothiazine and 128 mg 

(0.306 mmol, 25%) of 5,5-dihydro-lO-methy1-5-(benzylimino)-pheno

thiazine perchlorate (white needle-like crystals), mp 127-129°, 

(red melt), whose properties were the following: 

The infrared spectrum showed a strong broad band at 9.3y (C10,~) 

and a sharp weak band at 3.12y (N-H). 

-3 
Ultraviolet spectrum: \ (nm), and 10 e: 350, 5.4; 306, 

6.7; 267, 13.0; 212, 31.0. 

Pmr (CDCI3) §_: 8.18-6.83 (m, 13H, aromatic), 6.45 bd. (s, IH, 

N-H), 3.7 bd. (s, 5H, lO-CH^ and -CH - ) . 

Anal. Calcd. for C2QH^^N2SC10^: C, 57.34; H, 4.57; N, 6.68; S, 

7.65; CI, 8.46. 

Found: C, 57.57; H, 4.72; N, 6.42; S, 7.49; CI, 8.24. 

7. Reaction of lc with Dimethylamine. Formation of 7f. 

The reaction was carried out using 466 mg (1.49 mmol) of lc to 

yield 184 mg (0.865 mmol, 63%) of 10-methylphenothiazine and 114 mg 
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(0.320 mmol, 23%) of 5-(dimethylimini)-5,5-dihydro-10-methylphenothiazine 

perchlorate (white leaf-like crystals), mp 139-141° (red melt), whose 

properties were the following: 

The infrared spectrum showed a strong broad band at 9.5y (CIO,"). 

Ultraviolet spectrum: X (nm), and lO"^ e: 351, 5.9; 307, 7.5; 
—max — > > » » 

266, 13.0; 222, 32.0. 

Pmr (DMSO-d^) 6̂: 8.38-7.38 (m, 8H, aromatic), 3.88 (s, 3H, 

IO-CH3), 2.5 [s, 6n, N-(CH3)2]. 

Anal. Calcd. for C^^H^^N2SC10^: C, 50.49; H, 4.80; N, 7.85; S, 

8.98; CI, 9.93. 

Found: C, 50.47; H, 5.02; N, 8.04; S, 8.80; CI, 9.64. 

8. Reaction of lc with Diethylamine 

The reaction was carried out using 376 mg (1.20 mmol) of Lc to 

yield 208 mg (0.976 mmol, 89%) of 10-methylphenothiazine; efforts to 

isolate 5-(diethyliminio)-5,5-dihydro-10-methyl-phenothiazine perchlorate 

failed. 

9. Reaction of lc with Diisopropylamine. Formation of 7h. 

The reaction was carried out using 820 mg (2.62 mmol of 2c to 

yield 368 mg (1.73 mmol, 72%) of 10-methylphenothiazine and 180 mg 

(0.436 mmol, 18%) of 5-(diisopropyliminio)-5,5-dihydro-10-methyl-

phenothiazine perchlorate (white granular crystals), mp 150-151° (red 

melt), whose properties were the following: 

The infrared spectrum showed a strong broad band at 9.3y (CIO, ). 

-3 
Ultraviolet spectrum: X (nm), and 10 e: 352, 5.5; 304, *̂  —max ^ ' ' — > J , 

4.9; 265, 17.0; 219, 27.0. 
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Pmr (CDCI3) 6̂: 7.95-7.25 (m, 8H, aromatic), 3.90 (s, 3H, IO-CH3), 

3.27 (heptate, 2H, -C-H, J=7), 1.15 [d, 12H, -C(CH3)2, J=7]. 

Anal. Calcd. for C^gH25N2SC10^: C, 55.26; H, 6.10, N, 6.78; S, 

7.76; CI, 8.58. 

Found: C, 55.00; H, 6.32; N, 6.67; S, 7.62; CI, 8.53. 

10. Reaction of lc with Trimethylamine 

The reaction was carried out using 522 mg (1.67 mmol) of 2c to 

yield 313 mg (1.47 mmol, 95%) of 10-methylphenothiazine; no attempt 

was made to isolate the oxidation product(s). 

11. Reaction of lc with Azetidine. Formation of 7i. 

The reaction was carried out using 939 mg (3.0 mmol) of 2c to 

yield 358 mg (1.68 mmol, 61%) of 10-methylphenothiazine and 342 mg 

(0.93 mmol, 34%) of 5,5-dihydro-10-methyl-5-azetedinuim-l-ylidene-

phenothiazine perchlorate (white plate-like crystals), mp 136-137° 

(red melt), whose properties were the following: 

V 
The infrared spectrum showed a strong broad band at 9.3y (CIO, ). 

-3 
Ultraviolet spectrum: X (nm), and 10 £: 348, 5.5; 305, 

—max — 
5.9; 267, 12.0; 220, 31.0. 

Pmr (CDCI3) e_: 8.28-7.33 (m, 8H, aromatic), 3.89 (s, 3H, IO-CH3), 

3.58 (t, 4H, -CH2-N-CH2-, J=7), 2.3-1.9 (m, 2H, -CH2-). 

Anal Calcd. for C,.H,^N„SC10,: C, 52.10; H, 4.64; N, 7.59; S, 
L- 16 1/ z H 

8.69; CI, 9.61. 

Found: C, 52.25; H, 4.72; N, 7.54; S, 8.91; CI, 9.62. 

12. Reaction of lc with Pyrollidine. Formation of 7j. 

The reaction was carried out using 450 mg (1.44 mmol) of 2c to 
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yield 219 mg (1.03 mmol, 77%) of 10-methylphenothiazine and 119 mg 

(0.31 mmol, 24%) of 5,5-dihydro-10-methyl-5-pyrollidinium-l-ylidene-

phenothiazine perchlorate (white flaky crystals), mp 139-140° (black 

melt), whose properties were the following: 

The infrared spectrum showed a strong broad band at 9.2y (CIO, ). 

Ultraviolet spectrum: X (nm), and 10 e: 348, 5.7; 304, 

—max ^ ^ * — » , » 
7.5; 266, 14.0; 220, 34.0. 

Pmr (CDCI3) 5̂ : 8.1-7.2 (m, 8H, aromatic), 3.88 (s, 3H, IO-CH3), 

3.1-2.7 (m, 4H, -CH2-N-CH2-), 1.88-1.53 (m, 4H, -CH2-CH2-). 

Anal. Calcd. for C H^gN2SC10^: C, 53.33; H, 5.00; N, 7.31, S, 

8.37; CI, 9.25. 

Found: C, 53.06; H, 4.96; N, 7.40; S, 8.18; CI, 9.07. 

13. Reaction of lc with Piperidine. Formation of 7k. 

The reaction was carried out using 439 mg (1.40 mmol) of 2c to 

yield 180 mg (0.847 mmol, 65%) of 10-methylphenothiazine and 142 mg 

(0.355 mmol, 28%) of 5,5-dihydro-10-methyl-5-piperidinium-l-ylidene-

phenothiazine perchlorate (white granular crystals), mp 146-147° 

(black melt), whose properties were the following: 

The infrared spectrum showed a strong broad band at 9.2y (CIO, ). 

-3 
Ultraviolet spectrum: X (nm), and 10 e: 348, 5.7; 306, 

—max — 
6.6; 267, 12.0; 220, 29.0. 

Pmr (CDCI3) §_: 8.18-7.28 (m, 8H, aromatic), 3.88 (s, 3H, IO-CH3), 

2.75 (t, 4H, -CH2-N-CH2-, J=5), 1.71-1.61 (m, 6H, -CH2-CH2-CH2-). 

Anal. Calcd. for C^gH2^N2SC10^: C, 54.47; H, 5.33; N, 7.06; S, 

8.08; CI, 8.93. 

Found: C, 54.45; N, 5.47; N, 6.91; S, 8.29; CI, 8.63. 
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14• Reaction of lc with Ammonia. Formation of 6b. 

The reaction was carried out using 1.05 g (3.35 mmol) of 2c to 

yield 377 mg (1.77 mmol, 116%) of 10-methylphenothiazine and 340 mg 

(0.631 mmol, 82%) of 5,5-dihydro-5-[5-(10-methylphenothiaziniumy-

liminio)]-10-methylphenothiazine perchlorate (white granular crystals), 

mp 153-154° (green melt), whose properties were the following: 

The infrared spectrum showed a strong broad band at 9.3y (C10,~). 

Ultraviolet spectrum: X (nm), and 10~ e: 364, 13.0; 306, 

—max ' — » » » 
8.3; 268, 29.0; 238, 32.0; 215, 55.0. 

Pmr (DMSO-d^) 6̂: 8.55-6.87 (m, 16H, aromatic), 3.8 (s, 6H, 

2 X IO-CH3). 

Anal. Calcd. for C26"22V2^^^4* C, 57.82; H, 4.11; N, 7.78; 

S, 11.87; CI, 6.56. 

Found: C, 58.05; H, 4.14; N, 7.59; S, 12.12; CI, 6.41. 

Hydrolysis of 5,5-Dihydro-10-methyl-5-piperidinium-l-

ylidenephenothiazine Perchlorate (7k). Formation of 17 

A solution of 103 mg (0.260 mmol) of 2̂ ^ and 1 ml of 50% aqueous 

sodium hydroxide in 25 ml of ethanol was refluxed for 24 hours. At 

the end of this period 50 ml of distilled water was added, the aqueous 

solution was extracted with methylene chloride, and the methylene 

chloride solution was dried (MgSO/) and concentrated, givine 54.2 mg 

(0.236 mmol, 91%) of lO-methylphenothiazine-5-oxide, mp 194-196° 

(from ethanol-ether), lit. mp 194-196° (20). 
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Methylation of 5,5-Dihydro-10-methyl-5-(benzylimino)-

phenothiazine (13). Formation of 14 

One ml of 50% aqueous sodium hydroxide solution was added to a 

solution of 563 mg (1.34 mmol) of 2^ in 30 ml of methanol. The 

reaction mixture was stirred for 5 minutes at which time 30 ml of 

water was added, the aqueous solution was extracted with carbon 

tetrachloride, and the carbon tetrachloride solution was dried (MgSO.) 

and 3 ml of methyl iodide added. The solution was stirred for 10 

minutes minutes at which time the solution was concentrated, the 

residue was taken up in methylene chloride, and ethyl acetate was 

added to cause crystalization of 476 mg (1.03 mmol, 77%) of 14 

(white crystals). The white crystals were recrystalized from 

methylene chloride-ether, giving white granular crystals, mp 128-129° 

(yellow melt), which had the followiiif properties: 

The infrared spectrum showed no strong broad band corresponding 

to CIO ~ at 9.3y. 

-3 
Ultraviolet spectrum: X (nm), and 10 e: 355, 6.7; 302, 

—max — 
7.1; 241, 30.0. 

Pmr (CDCI3) 5̂: 8.32-7.16 (m, 13H, aromatic), 4.27 (s, 2H, N-

CH2-), 3.94 (s, 3H, IO-CH3), 2.31 (s, 3H, N-CH3). 

Anal. Calcd. for C2;LH2J^N2SI: C, 54.8; H, 4.60; N, 6.08; S, 6.96; 

I, 27.6. 

Found: C, 55.0; H, 4.54; N, 5.98; S, 6.75; I, 27.4. 

Exchange of Anions in Sulfilimine Salts 
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1. Formation of 5,5-Dihydro-10-methyl-5-piperidinium-l-ylidene-

phenothiazine Iodide (15) from 7k. 

To 75 ml of methanol were added 497 mg (1.25 mmol) of 2^» 5 g of 

KI, and 15 ml of distilled water. The solution was stirred for 20 

minutes at which time an equal volume of water was added, and the 

resulting solution was extracted with methylene chloride. The 

methylene chloride solution was dried with magnesium sulfate and the 

solvent evaporated, giving 457 mg^(1.08 mmol, 86%) of 25. The light 

yellow solid was crystalized from methylene chloride-ether, giving 

cream-colored crystals, mp 137-138° (yellow melt), which had the 

following properties. 

The infrared spectrum showed that there was no perchlorate ion 

present. 

Ultraviolet spectrum: X (nm), and 10 e: 350, 6.1; 307, 7.0; "^ —max 

267, 14.0; 242, 29.0. 

Pmr (CDCI3) 6_: 8.4-7 (m, 8H, aromatic), 3.95 (s, 3H, IO-CH3), 

2.8 (s, 4H, two -CH2-), 143 (s, 6H, three -CH2-). 

Anal. Calcd. for C^gH23^N2SI: C, 50.9; H, 4.99; I, 29.9. 

Found: C, 50.6; H, 4.95; I, 29.6 

2. Formation of 5-(Benzylmethyliminio)-5,5-dihydro-10-methylpheno-

thiazine Perchlorate (16b) from 14. 

To 10 ml of methanol were added 90.3 mg (0.196 mmol) of 21» 5 ml 

of water, and 500 mg of silver perchlorate; silver iodide immediately 

formed and was filtered off. The filtrate was added to 30 ml of 

distilled water and the aqueous solution was extracted with methylene 
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chloride. The methylene chloride solution was dried (MgSO.) and the 

solvent was evaporated, giving 73 mg (0.168 mmol, 86%) of 16b 

(white solid). The white solid was crystalized from methylene 

chloride-ether, giving white needl-like crystals, mp 137-138° (black 

melt), which had the following properties: 

The infrared spectrum showed a strong broad band at 9.3y (CIO, ). 

-3 
Ultraviolet spectrum: X (nm), and 10 e: 355, 6.9; 308, 7.5; 

—max "^ •' * — 

266, 14.0; 220, 34.0. 

Pmr (CD CN) §_: 8.12-7.12 (m, 13H, aromatic), 4.08 (s, 2H, -CH2-), 

3.78 (s, 3H, IO-CH3), 2.22 (s, 3H, N-CH3). 

Anal. Calcd. for C_,H_-N„SC10,: C, 58.30; H, 4.89; CI, 8.19. 
21 21 2 4 

Found: C, 57.95; H, 5.07; CI, 7.98. 

3. Formation of 5-(Benzylmethyliminio)-5,5-dihydro-10-methylpheno-

thiazine Nitrate (16a) from 14. 

To 10 ml of methanol were added 246.1 mg (0.535 mmol) of 23.» ^ ml 

of distilled water, and 500 mg of silver nitrate. A similar work-up 

procedure was used as in the case of silver perchlorate (see Exchange 

of Anions in Sulfilimine Salts, 2) and gave 204 mg (0.516 mmol, 96%) 

of 22.a (light yellow solid). The yellow solid was crystalized from 

methylene chloride-ether to give white granular crystals, mp 129-130° 

(green melt), which had the following properties: 

The infrared spectrum did not show a band corresponding to ClO^ 
at 9.3y. 

-3 
Ultraviolet spectrum: X (nm), and 10 e: 354, 7.0; 308, 7.7; 

^ —max ~ 
266, 15.0. 
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Pmr (CDCI3) 6_: 8.18-6.91 (m, 13H, aromatic), 4.15 (s, 2H, 

N-CH2-), 3.85 (s, 3H, IO-CH3), 2.25 (s, 3H, N-CH3). 

Anal. Calcd. for C23^H2^N3S03: C, 63.80; H, 5.35; N, 10.60. 

Found: C, 63.90; H, 5.38; N, 10.50. 

Reaction of N-Alkylsulfilimine and N,N-Dialkylaminosulfonium 

Salts With Acids 

1. Spectroscopic Study. 

Three ml of acetonitrile and 3 ml of an acetonitrile solution 

of a sulfilimine of known concentration were pipetted into the 

reference and sample cuvettes, respectively. Into each cuvette was 

then added (from a 2 ml burette) a known amount of acid of known 

concentration. After shaking of the cuvettes, the spectra were 

recorded at timed intervals. All spectra were taken in 1 cm cuvettes 

using a Beckman DK-2A Spectrometer. 

2. Reaction of 7c with HCl. 

To 10 ml of acetonitrile were added 103 mg (0.269 mmol) of 2c 

and 1 ml of 38% hydrochloric acid. The reaction mixture was stirred 

for 96 hours at which time aqueous sodium bicarbonate was added, the 

aqueous solution was extracted with methylene chloride, the methylene 

chloride solution was dried and concentrated, and the residue was 

streaked on silica thick layer plates. After developing with ether, 

the plates showed three bands; the band nearest the solvent front 

consisted of 6 mg of what was thought, from the mass spectrum, to be 

3,7-dichloro-lO-methylphenothiazine; the second band consisted of 43.5 

mg (0.176 mmol, 65%) of 3-chloro-lO-methylphenothiazine, mp 112-113° 
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(from ethanol), lit. mp 110-112° (40), X (MeCN) 253 nm (e, 3.92 x 
—max —' 

4 3 
10 ) , 306 nm (̂ , 5.29 x 10 ); and the bottom band consisted of 13 mg 
(0.061 mmol, 23%) of 10-methylphenothiazine, mp 97-99° (from ethanol-

water). 

3. Reaction of 7k with HI. 

To 15 ml of acetonitrile were added four drops of concentrated 

hydroiodic acid and 14.2 mg (0.0355 mmol) of 2^. The reaction 

mixture was stirred for 5 minutes at which time 20 ml of distilled 

water was added to the yellow solution and the iodine titrated 

potentiometrically, giving 0.0338 mmol (95%) of iodine. 

The reaction was repeated on a larger scale for the purpose of 

quantitatively analyzing the reaction mixture. This time 52.9 mg 

(0.131 mmol) of 2^ ̂ ^s dissolved in 20 ml of acetonitrile and 0.5 ml 

of concentrated hydroiodic acid added. The reaction mixture was 

stirred for 5 minutes at which time aqueous sodium thiosulfate was 

added. The aqueous solution was extracted with pet ether, and the 

pet ether was dried (MgSO.) and concentrated, givine 26 mg (0.122 mmol, 

93%) of 10-methylphenothiazine, mp 98-100°, lit. mp 100-102° (20). 

Reaction of 10-Methylphenothiazine Cation 

Radical Peichlorate (lc) with HCl 

To 10 ml of acetonitrile were added 100.6 mg (0.321 mmol) of 2c 

and 1 ml of 38% hydrochloric acid. The reaction mixture was stirred 

for 96 hours at which time aqueous sodium bicarbonate was added. The 

aqueous solution was extracted with methylene chloride, the methylene 

chloride was dried (MgSO.) and concentrated, and the residue was 
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streaked on silica thick layer plates (4 mg per plate). The plates 

were developed with carbon tetrachloride, giving a top band consisting 

of 25 mg (0.101 mmol, 34%) of 3-chloro-lO-methylphenothiazine, mp 

112-113° (from ethanol) and a second band consisting of 34.8 mg (0.163 

mmol, 55%) of 10-methylphenothiazine, mp 98-100°. No 3,7-dichloro-

10-methylphenothiazine was found by thick layer chromatographic 

analysis. 

Reactions of 10-Methylphenothiazine Cation 

Radical Perchlorate (lc) with Ketones 

1. Reaction of lc with Acetone. Formation of 20a. 

A solution of 644 mg (2.06 mmol) of 2c in 40 ml of acetone was 

stirred for 48 hours at which time the dark green solution was con

centrated. The residue was taken up in methylene chloride and ether 

added to cause precipitation of a light green solid. The solution 

was filtered, giving 100.5 mg (0.27 mmol, 14%) of 5-acetonyl-lO-

methylphenothiazine (20a) and the filtrate was concentrated and put 

on a silica column. The column was eluted with carbon tetrachloride, 

giving 300 mg (1.41 mmol, 72%) of 10-methylphenothiazine (white solid). 

The green solid was decolorized (charcoal) from methylene chloride, 

and ether was added to cause the precipitation of a cream-colored 

solid, mp 161-163° (dec), which had the following properties: 

The infrared spectrum showed a strong sharp band at 6.15y (C=0) 

and a strong broad band at 9.3y (ClO^ ). 
-3 

Ultraviolet spectrum: X (nm), and 10 e: 320, 6.3; 269, '^ —max 

8.9; 253, 8.0; 219, 38.0. 
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Pmr (DMSO-dg) S_: 8.12-7.30 (m, 8H, aromatic), 4.79 (s, 2H, 

-CH2-), 3.74 (s, 3H, IO-CH3), 2.12 (s, 3H, -CH3). 

Anal. Calcd. for C^^H^^NSCIO^: C, 51.96; H, 4.36; N, 8.67; S, 

3.78; CI, 9.59. 

Found: C, 52.16; H, 4.65; N, 8.81; S, 4.09; CI, 9.44. 

2. Reaction 01 lc with Methyl Ethyl Ketone. Formation of 20b. 

A solution of 1.02 g (3.26 mmol) of 2c in 20 ml of methyl ethyl 

keton was stirred for 6 hours at which time 30 ml of water was added 

to the yellowish-brown solution and the aqueous solution extracted 

with pentane (fraction 1) and methylene chloride (fraction 2). 

Fraction 1 was dried (MgSO.) and concentrated, the purple residue was 

decolorized (charcoal) from methanol, and water was added to cause 

the crystalization of 320 mg (1.50 mmol, 50%) of 10-methylpheno

thiazine. Fraction 2 was dried (MgSO.) and concentrated, the residue 

was taken up in methylene chloride, and ether was added to cause the 

precipitation of 375 mg (0.98 mmol, 33%) of 20b (light brown solid). 

The brown solid was decolorized (charcoal) from methylene chloride, 

and ether was added to cause the crystalization of white needle-like 

crystals, mp 142-144° (red melt), which had the following properties: 

The infrared spectrum showed a strong sharp band at 6.18y 

(C=0) and a strong broad band at 9.1y (CIO, ). 

-3 
Ultraviolet spectrum: X (nm), and 10 e: 334, 4.6; 268, 

^ —max — 

5.2; 251, 6.4; 218, 20.0. 

Pmr (CDCI3) §_: 7.94-716 (m, 8H, aromatic), 5.47 (quar. IH, 

-C-H, J=7), 3.88 (s, 3H, 10-CH^), 2.26 (s, 3H, CH3-CO-), 1.38 (d, 
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3H, -CH3, J=7). 

Anal. Calcd. for C^^H^gNSClO^: C, 53.20; H, 4.73; N, 3.65; 

s, 8.35; CI, 9.23. 

Found: C, 53.39; H, 4.88; N, 3.59; S, 8.21; CI, 9.04. 

3. Reaction of lc with Acetophenone. Formation of 20c. 

A solution of 642 mg (2.05 mmol) of 2c in 30 ml of acetophenone 

was stirred for 72 hours at which time ether was added to the 

brownish-green solution, causing the precipitation of 245 mg (0.57 

mmol, 30%) of 20c (brown solid). The mother liquor was concentrated, 

the residue was streaked on silica thick layer plates, and the 

plates were developed twice with pentane, giving a top band consisting 

of 228 mg (1.07 mmol, 56%) of 10-methylphenothiazine (white solid). 

The brown solid (20c) was decolorized (charcoal) from acetonitrile, 

and ether was added to cause the formation of white plate-like 

crystals, mp 143-146° (dec), which had the following properties: 

The infrared spectrum showed a strong sharp band at 6.05y (C=0) 

and a strong broad band at 9.1y (CIO, ). 

-3 
Ultraviolet spectrum: X (nm), and 10 e: 320, 6.8; 250, *̂  -max ^ '' — 

23.0. 

Pmr (DMSO-d.) 6: 8.18-7.34 (m, 13H, aromatic), 5.22 (s, 2H, 

-CH2-), 3.73 (s, 3H, IO-CH3). 

Anal. Calcd. for C2^H^gNSC10^: C, 58.40; H, 4.20; N, 3.24; S, 

7.42; CI, 8.21. 

Found: C, 58.46; H, 4.40; N, 3.50; S, 7.44; CI, 8.45. 

4. Reaction of lc with Methyl Isopropyl Ketone. Formation of 20d. 
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A solution of 978 mg (3.12 mmol) of 2c in 20 ml of methyl iso

propyl ketone was stirred for 90 minutes at which time a reddish-

brown precipitate was suspended in the reddish-brown solution. 

Ether was added to cause further precipitation and upon filtration 

453 mg (1.14 mmol, 40%) of 20̂ d (reddish-brown solid) was collected. 

The mother liquor was concentrated, the residue decolorized (char

coal) from methanol, and water was added to cause the crystalization 

of 320 mg (1.5 mmol, 52%) of 10-methylphenothiazine (white crystals). 

The reddish-brown precipitate (20d) was decolorized (charcoal) from 

acetonitrile, and ether was added to cause the appearance of finely-

divided white crystals, mp 116-119° (red melt), which had the follow

ing properties: 

The infrared spectrum showed a strong sharp band at 6.15 (C=0) 

and a strong broad band at 9.3y (CIO, ). 

-3 
Ultraviolet spectrum: X (nm), and 10 e: 340, 5.5; 320, 

—max — 

5.5; 272, 8.9; 219, 34.0. 

Pmr (CD CN) 6_: 7.98-7.26 (m, 8H, aromatic), 3.63 (s, 3H, IO-CH3), 

2.14 (s, 3H, CH3CO-), 1.44 (s, 6H, 2 x -CH3). 

Anal. Calcd. for C^gH2QNSC10^: C, 54.34; H, 5.06; N, 3.52; S, 

8.06; CI, 8.91. 

Found: C, 54.30; H, 5.16; N, 3.58; S, 7.80; CI, 8.80. 

5. Reaction of lc with Cyclopentanone. Formation of 20e. 

To 20 ml of acetonitrile were added 1.5 ml of cyclopentanone 

and 967 mg (3.09 mmol) of 2c• The reaction mixture was stirred for 

48 hours at which time the purple solution was concentrated and the 
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residue placed on a silica column; the column was eluted with ether 

(fraction 1) and acetone (fraction 2). Fraction 1 was concentrated, 

the residue was streaked on silica thick layer plates, and the plates 

were developed with carbon tetrachloride, giving a top band consisting 

of 371 mg (1.74 mmol, 61%) of 10-methylphenothiazine. Fraction 2 was 

concentrated, the residue was decolorized (charcoal) from methylene 

chloride, and ether was added to cause the crystalization of 250 mg 

(0.63 mmol, 22%) of 20e (white finely-divided crystals), mp 112-113° 

(red melt), which had the following properties: 

The infrared spectrum showed a strong sharp band at 6.29y (C=0) 

and a strong broad band at 9.1y (CIO, ). 

-3 
Ultraviolet spectrum: X (nm), and 10 e: 324, 5.7; 271, 

—max — 

7.0; 253, 8.9; 222, 3.4. 

Pmr (CD CN) 6̂: 8.18-7.34 (m, 8H, aromatic), 4.7-4.6 (m, IH, 

-C-H), 3.74 (s, 3H, IO-CH3), 2.46-1.46 (m, 6H, -CH2-CH2-CH2-). 

Anal. Calcd. for C^yH^gNSClO^: C, 54.61; H, 4.58; N, 3.53; S, 

8.09; CI, 8.95. 

Found: C, 54.76; H, 4.67; N, 3.71; S, 8.02; CI, 8.71. 

6. Reaction of lc with Cyclohexanone. Formation of 20f. 

A solution of 664 mg (2.12 mmol) of 2c in 30 ml of cyclohexanone 

was stirred for 30 minutes at which time the light brown solution 

was concentrated and the residue placed on a silica column; the 

column was eluted with ether (fraction 1) and acetone (fraction 2). 

Fraction 1 was concentrated, the residue was streaked on silica thick 

layer plates, and the plates were developed with carbon tetrachloride, 
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giving a top band consisting of 184 mg (0.865 mmol, 45%) of 10-methyl

phenothiazine (white solid). Fraction 2 was concentrated, the 

residue was taken up in methylene chloride, and ether was added to 

cause the precipitation of 230 mg (0.56 mmol, 29%) of ̂ Of (light 

brown solid). The brown solid was decolorized (charcoal) from 

methylene chloride, and ether was added to cause the crystalization 

of finely-divided white crystals, mp 117-118° (red melt), which had 

the following properties: 

The infrared spectrum showed a strong sharp band at 6.18y (C=0) 

and a strong broad band at 9.3y (CIO ~ ) . 

_3 
Ultraviolet spectrum: X (nm), and 10 e: 324, 5.7; 271, 

—max _ » » » 
7.0; 253, 8.9; 222, 34.0. 

Pmr (CDCI3) ̂ : 8.12-7.24 (m, 8H, aromatic), 5.46-5.26 (m, IH, 

-C-H), 3.90 (s, 3H, IO-CH3), 2.82-1.12 (m, 8H, -CH2-CH2-CH2-CH2-). 

Anal. Calcd. for C^gH2QNSC103: C, 55.68; H, 4.92; N, 3.41; S, 

7.82; CI, 8.65. 

Found: C, 55.90; H, 5.12; N, 3.48; S, 7.60; CI, 8.57. 

7. Reaction of lc with 1-Indanone. Formation of 20g. 

A solution of 769 mg (2.46 mmol) of 2c and 500 mg (3.78 mmol) 

of 1-indanone in 10 ml of acetonitrile was stirred for 7 hours at 

which time 30 ml of water was added to the golden-orange solution; 

the solution was extracted with pet-ether (fraction 1) and methylene 

chloride (fraction 2). Fraction 1 was concentrated, the residue was 

streaked on thick layer plates, and the plates were developed with 

carbon tetrachloride, giving a top band consisting of 270 mg 

(1.27 mmol, 56%) of 10-methylphenothiazine. Fraction 2 was concen-
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trated, the residue was decolorized (charcoal) from methylene 

chloride, and ethyl acetate-ether (20:80) was added to cause pre

cipitation of 265 mg (0.596 mmol, 26%) of 20g (light yellow solid), 

110-112° (red melt), which had the following properties: 

The infrared spectrum showed a strong sharp band at 6.18y (C=0) 

and a strong broad band at 9.1y (CIO, ). 

Pmr (CD3CN) 8_: 8.08-7.24 (m, 12H, aromatic), 4.72-4.54 (m, IH, 

S-C-H), 3.72-3.14 (m, 5H, 10-CH and -CH2-). 

8. Reaction of lc with 1-Tetralone. Formation of 20h. 

A solution of 639 mg (2.04 mmol) of 2^ i'̂  ̂  ™i °^ 1-tetralone 

was stirred for two hours at which time a reddish-brown precipitate 

was suspended in the reddish-brown solution. Ethyl acetate and 

ether were added to cause further precipitation, and upon filtration 

420 mg (0.916 mmol, 48%) of 2Oh (reddish-brown solid) was collected. 

The filtrate was concentrated, the residue was streaked on silica 

thick layer plates, and the plates were developed with carbon tetra

chloride, giving a top band consisting of 203 mg (0.955 mmol, 51%) 

of 10-methylphenothiazine (white solid). The reddish-brown solid 

was decolorized (charcoal) from acetonitrile, and ether was added 

to cause crystalization of white needle-like crystals (20h), mp 

141-142° (red melt), which had the following properties: 

The infrared spectrum showed a strong sharp band at 6.05y (C=0) 

and a strong broad band at 9.3y (ClO^ ). 

-3 
Ultraviolet spectrum: X , (nm), and 10 e: 335, 5.1: 304, 

'̂  —max 

6.0; 252, 2.5. 
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Pmr (DMSO-d^) 6̂: 8.34-7.28 (m, 12H, aromatic), 5.58-5.32 (m, 

IH, SC-H), 3.75 (s, 3H, IO-CH3), 3.14-2.94 (m, 2H, Ph-CH2-), 2.4-1.2 

(m, 2H, -CH2-). 

Anal. Calcd. for C23H22NSC10^: C, 60.33; H, 4.40; N, 3.06; S, 

7.00; CI, 7.74. 

Found: C, 60.54; H, 4.70; N, 3.36; S, 7.13; CI, 7.97. 

Deprotonation of 5-(l-Oxo-2-Tetralinyl)-10-methyl

phenothiazine Perchlorate (20h). Formation of 21. 

To 694 mg (1.51 mmol) of 20h in 15 ml of acetonitrile was added 

0.5 ml of 2.~butylamine. The reaction mixture was stirred for 10 

minutes at which time 467 mg of a white solid was filtered off. 

The solid was added to distilled water, the suspension was extracted 

with methylene chloride, and the methylene chloride solution was 

dried (MgSO.) and concentrated, giving 435 mg (1.22 mmol, 81%) of 

21 (white solid). The white solid was crystalized from methylene 

chloride-ether, giving finely-divided white crystals, mp 130-131° 

(yellow melt), which had the following properties: 

The infrared spectrum did not show a carbonyl absorption between 

5.35 and 6.50y. 

Pmr (CDCI3) 6_: 8.18-7.06 (m, 12H, aromatic), 3.52 (s, 3H, 10-

CH3), 2.80 (t, 2H, 0-CH2-, J=7.5), 2.18 (t, 2H, -CH2-, J=7.5). 

Anal. Calcd. for C23Hj^gNSO: C, 77.28; H, 5.36; N, 3.91. 

Found: C, 77.23; H, 5.42; N, 4.01. 
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Reaction of 5-( l-Oxo-2-indanyl)-10-methyl

phenothiazine Perchlorate (20g) with Nucleophiles 

1. Reaction of 20g with Ammonium Bromide. Formation of 22a. 

To 10 ml of acetonitrile were added 500 mg of ammonium bromide 

and 293.9 mg (0.662 mmol) of 20g. The reaction mixture was stirred 

for 3 hours at which time 30 ml of water was added. The aqueous 

solution was extracted with methylene chloride, the methylene 

chloride solution was dried (MgSO.) and concentrated, and the 

residue was streaked on silica thick layer plates. The plates were 

developed with ether-pentane (10:90), giving a top band consisting 

of 88 mg (0.413 mmol, 62%) of 10-methylphenothiazine and a second 

band consisting of 91.35 mg (0.43 mmol, 65%) of 2-bromo-l-indanone 

(22a). The 2-bromo-l-indanone was crystalized from 95% ethanol, 

giving white plate-like crystals, mp 33-34° (lit. 36-37°, ref. 41), 

which gave the anticipated mass spectrum (theoretical m/e=211.97, 

experimental m/e=211.97). 

2. Reaction of 20g with Sodium Thiocyanate. Formation of 22b. 

A solution of 500 mg of sodium thiocyanate and 140.2 mg (0.316 

mmol) of 20̂ g in 6 ml of acetonitrile was stirred for 2 hours at 

which time the solution was concentrated, and the residue was 

streaked on silica thick layer plates. The plates were developed 

with ether-pentane (10:90), giving a top band consisting of 62.3 mg 

(0.29 3 mmol, 93%) of 10-methylphenothiazine and a second band con

sisting of 45.4 mg (0.238 mmol, 75%) of 2-thiocyano-l-Lndanone 

(22b). The thiocyano derivative was decolorized (charcoal) from 
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ether, and pentane was added to cause crystalization of white leaf

like crystals, mp 92-93°, which had the following properties: 

The infrared spectrum showed a strong sharp band at 6.18y (C=0). 

Ultraviolet spectrum: X (nm), and 10~^ e: 290, 1.3; 246, 14.0. 
—max — » 7 J 

Anal. Calcd. for C^^H^NSO: C, 63.47; H, 3.72; N, 7.44. 

Found: C, 63.57; H, 3.86; N, 7.68. 

3. Reaction of 20g with Potassium Xanthate. Formation of 22c. 

A solution of 607 mg (1.59 mmol) of ̂ Og and 160 mg (1.87 mmol) 

of potassium xanthate in 10 ml of acetonitrile was stirred for 30 

minutes at which time the reaction mixture was concentrated and the 

residue placed on a silica column; the column was eluted with ether-

pentane (10:90, fraction 1) and methylene chloride (fraction 2). 

Fraction 1 contained 255 mg (1.20 mmo, 76%) of 10-methylphenothiazine, 

and fraction 2 contained 276 mg (1.10 mmol, 69%) of 2-xantho-l-

indanone (22c), which upon crystalization from 95% ethanol gave white 

granular crystals, mp 77-78°, having the following properties: 

The infrared spectrum showed a strong sharp band at 6.15y (C=0). 

Ultraviolet spectrum: X (nm), and 10~ e: 280, 15.1; 242, 
^ -max ' — 

16.4. 

Anal. Calcd. for C^2^ii^9°2* ^' 57.34; H, 4.41; S, 25.51. 

Found: C, 57.03; H, 4.75; S, 25.76. 

4. Reaction of 20g with Sodium p-Toluene Sulfinate. Formation of 22d. 

A solution of 312 mg (0.704 mmol) of _20g and 800 mg (3.74 mmol) 

of sodium p-toluenesulfinate in 10 ml of acetonitrile was stirred 

lor one week at which time the reaction mixture was concentrated and 
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put on a silica column; the column was eluted with ether-pentane 

(10:90, fraction 1) and methylene chloride (fraction 2). Fraction 

1 contained 104 mg (0.49 mmol, 70%) of 10-methylphenothiazine, and 

fraction 2 contained 91 mg (0.34 mmol, 48%) of 2-(p-toluenesulfinic)-l-

indanone (22d) which upon recrystalization from 95% ethanol gave 

white needle-like crystals, mp 141-142°, having the following pro

perties: 

The infrared spectrum showed a strong sharp band at 6,15y (C=0). 

Mass spectrum: theoretical m/e-286.07, experimental m/e=286.07. 

-3 
Ultraviolet spectrum: X (nm), and 10 e: 290, 1.6; 246, 

—max _ » » » 

10.1. 

5. Reaction of 20g with Pyridine. Formation of 22e. 

A solution of 631 mg (1.49 mmol) of 20g and 1 ml of pyridine 

in 10 ml of acetonitrile was stirred for 24 hours at which time the 

reaction mixture was concentrated and ethyl acetate added to the 

residue. The ethyl acetate solution was filtered, giving 183.5 mg of 

a light brown solid, and the filtrate was concentrated and put on a 

silica column. The column was eluted with ether-pentane (10:90), 

giving 198 mg (0.930 mmol, 62%) of 10-methylphenothiazine (white 

solid). The brown solid was added to 30 ml of distilled water, the 

suspension was extracted with methylene chloride, and the methylene 

chloride solution was dried (MgSO^) and concentrated, giving 48 mg 

(0.155 mmol, 10%) of :^-pyridinium-l-indanone perchlorate (22e), 

yellow solid). The yellow solid was decolorized (charcoal) from 

methylene chloride, and ether was added to cause the formation of 
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white needle-like crystals, mp 218-219°, which had the following 

properties: 

The infrared spectrum showed a strong sharp band at 6.22y (C=0). 

Anal. Calcd. for C^^H^^NCIO^: C, 54.47; H, 3.59; CI, 11.48. 

Found: C, 54.18; H, 3.88; CI, 11.56. 



III. DISCUSSION 

General Review of Sulfilimine Preparation 

The most common sulfilimines are those with alkyl or aryl 

groups on the sulfur and acyl or sulfonyl groups on nitrogen. Less 

well known are N-unsubstituted, N-alkyl, and N-aryl sulfilimines. 

The most common method used to generate sulfilimines is by the 

reaction of a sulfide with a haloamine (i.e., XNHQ) to give a 

sulfonium salt which can be deprotonated with a base to give the 

corresponding sulfilimine (Scheme 2). 

Scheme 2 

R2S + XNHQ -̂̂ ^̂  > (R2S-X)"^ + (NHQ)~ y R2S"̂ -NHQ X~ 

I base 

R2S=NQ 

A variety of sulfilimines have been prepared by this and other methods 

with some of the more interesting methods summarized below. 

Mann and Pope (42) were the first to use the approach outlined 

in Scheme 2 to prepare S,S-dialkyl-N-tosylsulfilimines. Their ap

proach was elaborated on and refined by a number of workers (43-45). 

This approach (Scheme 2) has also been used to prepare N-acetyl-

(46-48), N-carbethoxy- (49), and N-carbamoylsulfilimines (50). 

Swern and co-workers (51) using a different approach were able 

to obtain a variety of sulfilimines. They treated sulfides with _t~ 

butylhypochlorite, then added one of several substituted sodium amide 

salts, and were able to obtain such groups as CN, COPh, COCH , S02Ph, 

COCHpCl, and COCHCl^ attached to nitrogen (Scheme 3). 

38 
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Scheme 3 

R2S + t^BuOCl y R2S~C1 + t-BuO > R S^ 
/Ot^Bu 

CI 

.Ot-Bu 
R2S^ 

CI 
-> R S-Ot^Bu + CI 

+ 
R2S-0t7Bu + NHR' 

+ 
-> R2S-NHR' + _t-BuO > R2S=NR' + t-BuOH 

Franz and Martin (52,53) have recently reported a new synthesis 

of S,S-dialkylsulfilimines. They reacted diphenyldialkoxysulfuranes 

with ammonia, primary amines, primary amides, anilines, and primary 

sulfonamides to obtain N-substituted sulfilimines. The mechanism 

is thought to occur as outlined in Scheme 4. 

Scheme 4 

OR, 
Ph 
\ 

/ 
Ph 

OR, 

+ H2NQ 

NHQ 
Ph 
\ 

Ph 
/ 

OR. 

+ R^OH , 

( 3 
N-H 

Ph 

ph^ 

1 \ -
3 OR^ 

S=NQ + HOR 

Recently, Shine, et al., (54-56) have reported limited success 

in the formation of sulfilimines from reactions of cation radical 

perchlorates with amino compounds. Shine and Silber (54) showed 

that the reaction of thianthrene cation radical perchlorate (2a) 

with ammonia gave a dimeric product (16a). Shine and Kim (55,56) 

showed that the reaction of la and Id with t-butylamine gave the 
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corresponding sulfonium perchlorates, which were easily deprotonated 

with base to the corresponding sulfilimines; that the reaction of 

2a with dimethylamine, carbazole, and cyanoacetamide gave the 

corresponding sulfilimine perchlorates; and that the reaction of 2^ 

with methyl-, propyl-, and cyclohexylamines gave the dimeric product 

6a. Because of the formation of ̂ a from the reaction of 2^ with 

primary amines, it was thought that this method had little synthetic 

value in the preparation of N-alkylsulfilimines. 

Preparation of N-Alkylsulfilimine and 

N,N-Dialkylaminosulfonium Perchlorates 

10-Methylphenothiazine cation radical perchlorate (2c) reacts 

with primary amines to give N-alkylsulfilimine perchlorates (2a-e, 

R-=H), with secondary amines to give N,N-dialkylaminosulfonium 

perchlorates (2f~k), with tertiary amines and aniline to give 

quantitatively 10-methylphenothiazine (8), and with ammonia to give 

a dimeric product (6b). The generalized stoichiometry for the 

ammonia and amine reactions is given in Equations 11 and 12, res

pectively, and the quantitative data for the amine reactions are 

summarized in TABLE 1. The reaction of 2c with trimethylamine and 

aniline gave 85% and 97% yields of 8̂ , respectively, while the 

reaction with ammonia gave 116% of 8̂  and 82% of 6b (yields based 

on Eq. 11). No search was made for the products of the oxidized 

amines; however, in all of the amine reactions colored material was 

observed after the reaction was complete. 

The data in TABLE 1 indicates that if either Shine's (Eqs. 3-4) 
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4 NH. 
, CIO, -> 2 + 3 NH.CIO, (11) 

4 4 

CIO, 

6̂  (X=a, S; b , NCH ) 

2 l O l +*10 j , CIO 
2 R R NH 

(12) 

l c 8̂  

+ 

CIO 

2a-k 
+ 

R^R2NH2C10^ 
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Code 

a 

b 

c 

d 

e 

f 

g 

h 

i 

J 

k 

Yields 

^1 

H 

H 

H 

H 

H 

Me 

Et 

iPr 

of Products of 

•(CH2) 

• (CH2) 

(CHj) 

h 

Me 

Pr 

2Bu 

h\i 
CgHjCH^ 

Me 

Et 

2Pr 

3~ 

4" 

5" 

TABLE 1 

Reactions 

% 2 

29 

22 

11 

V 

25 

23 

n 

18 

39 

24 

28 

of lc with 

% _8 

58 

65 

80 

62 

60 

63 

89 

72 

61 

77 

65 

Amines— 

mp (2a-k) °C 

134-

143-

163-

b̂  

127-

139-

150-

136-

139-

146-

-136 

-145 

-165 

-129 

-140 

-151 

-137 

-140 

-147 

—Accord In to the stoichiometry of Equation 12, quantitative con

version of 2c would give 50% of 7_ and 50% of 8̂ . 

-Product could not be crystalized. 
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or Parker's (Eqs. 9-10 and Scheme 1) mechanisms do represent the 

mode of reaction, then there is a competing reaction of electron 

transfer (Cauquis' category 1), i.e., both Shine's and Parker's 

mechanisms predict equal amounts of 2a-k and 8̂. The results of 

the aniline and trimethylamine reactions verify that electron 

transfer can be a competing reaction. 

Reactions of N-Alkylsulfilimine and N,N-Dialkylamino-

sulfonium Perchlorates with NaOH 

Shine and Kim (56) have reported the deprotonation of 9^ in 

an aqueous ethanolic sodium hydroxide solution to give the corres

ponding N-alkylsulfilimine (10), Equation 13; and Martin, et al., 

(53) have reported the hydrolysis of diphenyl(dialkylamino)sulfonium 

iodides in an aqueous methanolic potassium hydroxide solution to 

give diphenylsulfoxide and secondary amines (Eq. 14). 

H C(CH ) 

N 

©CD^- -.- ̂  ^ s 

10 

Ph2S = NRR'I + OH" > Ph2S = 0 + HNRR' (14) 
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In this study all of the sulfilimines were isolated as sulfili

mine perchlorates, making it evident that these sulfilimines are 

relatively strong bases. The deprotonation of the N-alkylsulfili

mine perchlorates (2a-e) using aqueous sodium hydroxide was shown to 

occur by spectroscopy. None of the sulfilimines were isolated; 

however, the sulfilimine of le. was prepared and methylated (see 

Methylation of N-Alkylsulfilimines). Also, it was found that N,N-

dialkylaminosulfonium perchlorates were hydrolyzed in an aqueous 

methanolic sodium hydroxide solution to give the corresponding 

sulfoxide; for example, Ik was hydrolyzed to give 10-methylpheno-

thiazine-5-oxide in 91% yield. 

Methylation of N-Alkylsulfilimines 

Franz and Martin (53) reported that methylation of diphenyl-

(alkylamino)sulfilimine (11) with methyl iodide gave the correspond

ing N,N-dialkylaminosulfonium iodide (12), Equation 15. 

Ph S = NR -f- R'l >" Ph2S = NRR'I (15) 

11 12 

In this investigation it was found that a carbon tetrachloride 

solution of 22 reacts with methyl iodide to give the corresponding 

N,N-dialkylaminosulfonium iodide (14) in 77% yield. Equation 16. 

Exchange of Anions in Sulfilimine Salts 

It has been found that the anions of both N-alkylsulfilimine 

and N,N-dialkylaminosulfonium salts can be exchanged for other 
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/ ^ " 2 ^ 6 " 5 

+ CH3I 

/ShS 

(16) 

13 14 

anions. When an aqueous methanolic solution of 2^ ̂ as stirred with 

excess KI, the corresponding sulfonium iodide (15) was obtained in 

yield. Also, the reaction of 2^ with AgNO,, and AgClO, gave 

the corresponding sulfonium nitrate (16a) and perchlorate (16b) 

salts in 96% and 86% yields, respectively (Eq. 17). 

/^^2^6"5 

- AgX 

/^"2^6"5 

X + Agl (17) 

14 16 (X=a, NO3 ; b, CIO ) 

Reaction of N-Alkylsulfilimine and N,N-Dialkyl-

aminosulfonium Perchlorates with Acids 

The research groups of Smiles, Burger, Gilraan, and Shine have 
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investigated the reactions of N-alkylphenothiazine-5-oxides with 

acids. Recently, Shine, et al., and Martin, et al., have investigated 

the reactions of N-alkylsulfilimines with acids. This study in

dicates that a correlation can be drawn between the reactions of 

2a-k and lO-methylphenothiazine-5-oxide (17) with acids. In the 

following paragraphs the various authors' works will be summarized 

and correlations made between their work and this study. 

In 1910 Smiles (57-58) investigated the reaction of 10-methyl

phenothiazine- 5-oxide (17) with hydrochloric acid and discovered 

that upon addition of 2Z. t° concentrated hydrochloric acid the 

solution turned deep crimson. After the color disappeared the 

reaction mixture was worked up and two products were isolated; the 

major product was 10-methylphenothiazine and the minor product 

3-chloro-lO-methylphenothiazine. Forty-four years later Burger 

and Schmalz (38) repeated the work of Smiles' and reported a 93% 

yield of 3-chloro-lO-methylphenothiazine. In 1955 Fisch and Oilman 

(59) reacted lO-ethylphenothiazine-5-oxide with hydrochloric acid 

and reported a 77% yield of 3-chloro-lO-ethylphenothiazine. Twelve 

years later Shine and Veneziani (20) discovered that dissolution of 

17 in 45% sulfuric acid resulted in the formation of 10-methyl

phenothiazine cation radical (2c). The changes, observe 1 by Shine, 

occurred through three isosbestic points and Shine suggested the 

following mechanism. Scheme 5. 

In 1974 Shine and Kim (56) found that the addition of a small 

quantity of aqueous hydrochloric acid to an acetonitrile solution 
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H 
OH' 

17 lc 

of 9̂  resulted in the formation of thianthrene quantitatively; also, 

they found that warming an ethanol solution of 9̂  with a few drops 

of concentrated hydrochloric acid resulted in the formation of 90% 

thianthrene oxide and 8% of thianthrene. Subsequently, Franz and 

Martin (53) observed that the addition of concentrated hydrochloric 

acid to an N-alkylsulfilimine resulted in the formation of a 

quaternary ammonium hydrochloride (Eq. 18) and a chlorodiphenyl 

sulfide (Eq. 20). They proposed a mechanism (Scheme 6) similar to 

that that advanced by Dell'Erba (60) to explain the reduction of 

N-arylsulfonylsulfilimines with sodium iodide in aqueous perchloric 

acid. 

Scheme 6 

Ph2S = NR + 3HC1 -> Ph2SCl,, + RNH3CI 

Ph2SCl2 

Ph2S + CI2 

-> Ph2S + CI2 

-> ClC^H^SPh + HCl 

(18) 

(19) 

(20) 
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The present study demonstrates that the reactions of N-alkyl

sulfilimine (2a-e) and N,N-dialkylaminosulfonium (2f-k) perchlorates 

with acids are more complicated than expected. It has been possible 

to isolate the products from the reaction of 2c and 2c with hydro

chloric acid and from the reaction of 2^ with hydriodic acid. Also, 

the reactions of 2c, Jcy Je, 2̂ » and 2^ with hydrochloric acid and 

the reactions of 2c, 2̂ » ^"^ Z^ with perchloric acid have been 

followed by spectroscopy. 

In order to avoid the presence of a nucleophilic species, 

perchloric acid was used in a spectroscopic study of these acid 

reactions. The spectrum of 2^ in acetonitrile is shown in Figure 

2. Figure 3 shows the changes that take place in the spectrimi upon 

addition of enough perchloric acid to bring the acid concentration 

-2 
to 4.9 X 10 M. One sees the disappearance of protonated 2^ at 

240 nm accompanied by the appearance of 10-methylphenothiazine 

cation radical (2c) at 269 nm through three isosbestic points (at 

-2 
219, 253.6, and 291.7 nm) . At lower acid concentrations (2.22 x 10 M) 

a diffusion of the isosbestic points and ill-defined changes are 

observed in the spectra. 

FijT;ure 4 shows the spectrum of 2c in acetonitrile. Figure 5 

represents the changes that take place in the spectrum upon addition 

of enough perchloric acid to bring the acid concentration to 3.57 x 

-2 

10 M. Here one sees the disappearance of a peak at 219 nm accom

panied by the appearance of 10-methylphenothiazine cation radical 

(lc) at 269 nm through two isosbestic points (at 254 and 289.9 nm) . 



49 

It is possible that the peak at 219 nm is protonated 2c; however, 

judging from the changes in Figures 2-3 and 6-9 it can be assumed 

that the peak at 219 nm represents unprotonated 2c. At higher 

acid concentrations (4.22 x lOT^) no changes in the overall shape 

of the spectra are observed although an increase in the rate of 

appearance of 10-methylphenothiazine cation radical (2c) is seen. 

The spectrum of 2^ in acetonitrile is shown in Figure 6. 

Figure 7 shows the changes in the spectrum upon addition of enough 

perchloric acid to bring the acid concentration to 4.52 x 10 ii. 

Here one sees the disappearance of protonated 7k at 241 nm accompanied 

by the appearance of 10-methylphenothiazine cation radical (2c) 

at 269 nm through three isosbestic points (at 219, 256.8, and 291,8 

_2 
nm) . If an acid concentration of 2.92 x 10 M (Fig. 8) is used, a 

slight deviation from Figure 7 is observed. Note that the first 

two traces (Fig. 8) do not go through all three isosbestic points, 

but that the last four traces do and are analagous to those in 

Figure 7. The deviation in the first two traces occurs at 219 nm 

which is where 2^ absorbs (220 nm) . Wlien lower acid concentrations 

_2 
are used (2.22 x 10 M), the deviation from Figure 7 becomes more 

pronounced. Figure 9. Here one sees a decrease of 2^ at 220 nm 

accompanied by an increase of 10-methylphenothiazine cation radical 

(lc) at 269 nm through two ill-defined isosbestic points (at 247 and 

295.8 nm). Careful inspection of these traces, especially trace 

five, shows that there is a peak of 241 nm corresponding to pro

tonated 7k. 

TEXAS TECS: LJUnAHY 



50 

Before going any further it is necessary to define what 

criteria are necessary for the formation of isosbestic points, thus 

also defining their significance. Isosbestic points occur at 

wavelengths at which two substances, which can be converted to one 

another, have equal absorptivity. If two species in solution 

(at constant temperature and constant total molar concentration) have 

overlapping absorption bands and one can be converted through a 

simple transformation into the other, then all equilibrium mixtures 

of the two species will intersect at a fixed wavelength(s). Such 

points are called isosbestic points and their presence is usually, 

though not infallibly, an indication that the system in question 

involves only two absorbing species. More than two absorbing 

species can be involved if some of the absorbing species have very 

similar absorption properties (i.e., e and X ). An example is ^ —max 

given in the equation below: 

X > Y + Z 

If X goes through a simple transformation to give Y and Z and if Y 

and Z have very similar absorption properties, then the transforma

tion will occur through isosbestic points. 

All changes in spectra shown except those in Figure 8 and 9 have 

well-defined isosbestic points, indicating that the reactions occur 

through simple transformations. The series of Figures 6-9 indicates 

that there is an equilibrium between protonated and unprotonated 2^, 

an equilibrium that leads to the formation of 10-methylphenothiazine 
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cation radical perchlorate (2c), Scheme 7. A similar mechanism 

has been proposed by Shine and Veneziani (20) to account for the 

transformation of lO-methylphenothiazine-5-oxide (17) in 45% sulfuric 

acid into 10-methylphenothiazine cation radical (lc), Scheme 5. 

Scheme 7 

HCIO, 
, CIO, 

7k 

, 2 ClO^ 

, CIO, , CIO, 

H 

lc 

Scheme 7 describes the proposed mechanism for the reaction of 

7k with perchloric acid. At high acid concentrations (Fig. 7) the 

equilibrium (K) is completely to the right as indicated by the 

strong peak at 241 nm attributable to protonated 2^ and the absence 

of a peak at 220 nm attributable to 2^ itself. At lower acid con

centrations (Figs. 8 and 9) absorbances in the regions of both peaks 
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indicate the presence of protonated and unprotonated Ik. In Figure 

8 both protonated (at 241 nm) and unprotonated (at 220 nm) 2^ 

are initially observed, but as the reaction proceeds all of the 

unprotonated 7k disappears leaving only protonated 2^« In Figure 

9 there appears to be an equilibrium at all times between protonated 

(at 241 nm) and unprotonated (at 220 nm) 2^* Well-defined isosbestic 

points in Figure 8 are formed only after the unprotonated 2^ (̂ ^ 220 

nm) disappears while in Figure 9 isosbestic points are never well-

defined. The protonated species (Scheme 7) cleave homolytically to 

give two cation radicals. Efforts to find a second cation radical 

by esr spectroscopy have failed. The reaction of 2^ with different 

concentrations of perchloric acid gave similar results as those 

shown for 7k; however, the transitions were not as well-defined. 

In contrast to the reactions of 2^ and Tk with different per

chloric acid concentrations, the reaction of 2c with different per

chloric acid concentrations showed no protonated species. An ex

planation for this difference in behavior between Th^k and 2c may 

be the difference in bascisity of the sulfilimines (2c vs 2^,^) 

and the difference in the stability of the protonated sulfilimines 

(7c' vs 7h',k'). 

" 4. 

I + 
-I-

H—N—(ipr)„ H-^N-^ H-N-C(CH3)3 .. ., .^.^2 

'S>^ /S>. /S 

+ 

7c' 

-f- + 

7h' 7k' 
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Since secondary amines are more basic than primary amines, it would 

be expected that at equal acid concentrations the equilibrium in 

Scheme 7 (K) would lie further to the right for 7h,k than for 2c-

For analagous reasons, it would be expected that 2^*,^' would be 

more stable than 2c'; that is, the inductive effect in 21^',^' would 

disperse the charge on nitrogen more effectively than in the case 

of 2^'* Thus, not only are 2^^,^ more easily protonated than 2c, 

but also the protonated forms (2h',k') are more stable. This being 

the case it is not unreasonable that the concentration of protonated 

2c is so low that it cannot be seen spectroscopically. Also, it 

should be kept in mind that the assignment of the peak at 219 nm 

(Fig. 5) as 2c' may not be valid. 

The reactions of sulfilimine perchlorates with hydrochloric acid 

have been studied both quantitatively and spectroscopically. The 

reaction of 2c with hydrochloric acid gave 23% of 10-methylpheno

thiazine (8), 65% of 3-chloro-lO-methylphenothiazine (18), and a 

small quantity of 3,7-dichloro-lO-methylphenothiazine (19). In 

contrast, the reaction of 10-methylphenothiazine cation radical 

perchlorate (2c) with hydrochloric acid gave 35% of 2^ and 55% of 

8; no 19 was found by thick layer chromatographic analysis. Also, 

the reaction of lO-methylphenothiazine-5-oxide with hydrochloric 

acid was studied qualitatively, and thick layer chromatographic 

analysis of the reaction mixture showed three products whose R^ 

values were the same as the three products from the reaction of 2c 

with hydrochloric acid. 
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The reactions of hydrochloric acid with three sulfilimine salts 

(2̂ » Zh> ^^'^ Z^) have been investigated spectroscopically, but only 

the reaction of 2c will be considered here. The addition of hydro

chloric acid to an acetonitrile solution of 2c caused a rapid in

crease in cation radical (2c) concentration followed by a slower 

decrease. Figure 10 represents the decrease in cation radical con-

-2 
centration of a 2.80 x 10 M acetonitrile-hydrochloric acid solution 

of 2c• Here one sees the disappearance of 10-methylphenothiazine 

cation radical (2c) at 269 nm accompanied by the appearance of a 

peak at 252 nm through three well-defined isosbestic points (at 

222.5, 256.5, and 287.5 nm) . Keeping the criteria for the formation 

of isosbestic points in mind, the product ratio (i.e., 23% of ̂ , 

65% of 18, and a small quantity of 19) of the reaction of 2c with 

hydrochloric acid brings up the problem of accounting for the iso

sbestic points. With this in mind Scheme 8 is suggested for the 

mechanism of the reaction of 2c with hydrochloric acid. 

Scheme 8 

\ /C(CH3)3 

^m H^+^C(CH3)3 

+ N (21) 

H 

7c lc 
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lc 8 

(22) 

HCl 

fast 

-CI 
-I- 2 H (23) 

R 

N -H 2 CI 

H 

18 

-̂  2 NH2Rĵ R2 + CI2 (24) 

In Scheme 8, Equation 21 represents the homolytic cleavage of 

the S-N bond to give two cation radicals; subsequently, dispropor

tionation occurs (Eq. 22) giving a dication which reacts with 

chloride ion (Eq. 23) to give 3-chloro-lO-methylphenothiazine (18). 

The amine cation radical oxidizes chloride ion (Eq. 24) to chlorine 

which chlorinates 10-methylphenothiazine (8̂ ) and 3-chloro-lO-methyl-

phenothiazine (18). 

The stoichiometry in Scheme 8 (Eqs. 22 and 23) requires that 
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equal amounts of 8̂  and 2̂ ^ be formed. Since the absorption properties 

of 8̂  and 18 are very similar [i.e., X (lO"*̂ ) of 250 (3.83), 302 
—max 

(0.533) and 253 (3.92), 306 (0.529), respectively], their formation 

according to Equations 22 and 23 will occur through isosbestic points 

provided that the equilibrium constant K (Eq. 22) is either very 

large or very small. If K is not very large or very small three 

unique absorbing species will be present (i.e., 2c, 8̂  - 2§.» ^^'^ i^~ 

methylphenothiazine dication) and the transformation will not proceed 

through isosbestic points. Parker (32) and Mamantov (33) have shown 

that K in the case of thianthrene cation radical (2a) is approximately 
-9 

10 . Also, the presence in Figure 10 of a large peak at 269 nm 

attributable to 2c rather than a large peak at 290 nm attributable 

to 10-methylphenothiazine dication indicates that K is very small. 

However, as mentioned previously the observed product ratio 

of 8̂  (23%) and 28. (65%) from the reaction of 2c with hydrochloric 

acid was different from the 1:1 ratio expected from Equations 22 and 

23. Also, a small quantity of a third product (19) was formed. 

These deviations in expected products and product ratios can be 

accounted for by the chlorination of 8̂  and 28, which were obtained 

according to Equations 22 and 23, by chlorine to give 28. and 29., 

respecitvely. Because of the close similarity in the absorption 

properties of 8̂  and 28., the chlorination of 8̂  as a secondary reaction 

will not affect the formation of isosbestic points. The absorption 

properties of 19 were not determined due to the small quantity of 

19 isolated; therefore, a conclusion cannot be drawn as to the effect 
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of the formation of 2£, as a secondary reaction, on the formation 

of isosbestic points. It should also be noted that the reaction of 

2c with hydrochloric acid showed no formation of 13_ (i.e., 35% of 

18 and 55% of S) while the reaction of 10-methylphenothiazine-5-oxide 

(17) with hydrochloric acid showed 22^ by thick layer chromarographic 

analysis. These data give further evidence for the role of the amine 

and hydroxyl radicals (from 2a-k and 2Z.) acting as ozidizind agents 

toward chloride ions with the end result of chlorine chlorinating 

8̂  and 28.. 

The reactions of 2^ with hydrobromic and hydriodic acids have 

also been investigated. When a few drops of hydrobromic acid were 

added to an acetonitrile solution of 7k, the solution immediately 

turned yellowish-orange and bromine fumes appeared above the solution. 

Thick layer chromarographic analysis of the reaction mixture showed 

that there were at least four poorly separated components, whose 

separation was not attempted. The bromine fumes above the solution 

turned starch-iodide paper brown, and the solution itself was de

colorized upon the addition of styrene. A separate experiment 

showed that an acetonitrile solution of 2c was not decolorized in a 

similar length of time upon the addition of styrene, thus indicating 

that the yellowish-orange color in the reaction of 2^ with hydrobromo 

acid was indeed due to bromine. The reaction of 2^ ̂ ith hydriodic 

acid gave 93% of 10-methylphenothiazine and 95% of iodine based on 

Equation 25. 

These observations with HBr and HI can be accounted for by Scheme 

8, Also, they can be explained by reactions analagous to those in 
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CIO 
- 2 HI •^J^^'^^ HCIO, (25) 

-N 
I 
CH -I- ? 

7k 8 

Equations 18 and 19. In fact, Dell'Erba (60) originally proposed a 

similar mechanism (Scheme 9) to Equations 18 and 19 to explain the 

kinetics of the reduction of N-arylsulfonyl-sulfilimines with sodium 

iodide in aqueous perchloric acid. 

Scheme 9 

R 

R 
^SNX -I- H"*" ~ 

R 

R' 
"SNHX 

R 

R 
"SNHX + I 

slow 
R + 

-> ^S-I + XNH" 

R ^ 

S-I + I 
R"^ 

•^12 + R-S-R 

XNH -I- H -> XNH, 

Both Dell'Erba's (Scheme 9) and Martin's (Eqs. 18 and 19) mechanisms 

can be ruled out on the grounds of the stability of the respective 
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sulfilimines in perchloric acid. The sulfilimines studied by Martin 

and Dell'Erba were found to be stable in perchloric acid whereas 

2a-k were not stable. 

In summary of the sulfilimine chemistry it can be said that 

although the reactions of 2^ ^nd Lc with amines gave similar results 

in all cases investigated except primary amines, the chemistry of 

their products with acids appears to be quite different. It is clear 

that kinetic evidence is needed to substantiate the mechanisms in 

Schemes 7 and 8. Also, it is evident that there is a correlation 

between the reactions of N-alkylsulfilimine salts (2a-e), N,N-dialkyl-

aminosulfonium salts (2f~k) , and 10-methylphenothiazine-5-oxide (17) 

with acids. 

General Review of Sulfonium Salts 

The most general method of making sulfonium salts is by the 

reaction of sulfides with alkylhalides (61). This method was also 

used by Johnson and Amel (62) to make 6-ketoalkylsulfonium salts. 

More recently Shine and Kim (63-64) have shown that thianthrene 

cation radical perchlorate (2a) reacts with ketones to give 6-ketoalkyl

sulf onium perchlorates. These salts were readily deprotonated to give 

the corresponding ylides, and also reacted with nucleophiles to give 

thianthrene and a-substituted ketones. Similar types of reactions with 

10-phenylphenothiazine perchlorate (2d) and phenoxathiin cation radical 

perchlorate (le) have been shown by Shine and co-workers (65) to occur. 
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Preparation of 3-Ketoalkylsulfonium Salts 

It has been found that 10-methylphenothiazine cation radical 

perchlorate (2c) reacts with a variety of ketones to give 3-keto-

alkylsulfonium perchlorates (TABLE 2). All of the salts were isolated 

and characterized spectroscopically [nmr (TABLE 4), ir, uv) and by 

elemental analysis except (20g) which was isolated and characterized by 

nmr and ir spectroscopy onl^. The generalized stoichiometry is given 

in Equation 26 although as indicated in TABLE 2 some reactions show 

a greater amount of 8 than anticipated. 

, ClO^ RCOCR' 
+ HCIO, (26) 

+ 

RCOCR' 
I 
S-^M CIO, 
N-
I 
CH, 

20 

This deviation from stoichiometry can be accounted for by reduction 

of the cation radical by the ketones as a competing reaction. 
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TABLE 2 

Yields— of Products of Reactions of lc with 

Ketones According to Equation 26 

Code % 20 % 8 mp(20a-h) °C 

b 
a— 

b 

c 

d 

CH„COCH,. 
X 

CĤ COCHCH,, 
X 

CH^CO-0 
X 

CH3COC(CH3)2 

-X 

0 

- X 

II 
0 

— X 

- X 

1 4 

33 

30 

40 

22 

29 

26 

49 

72 

50 

56 

52 

61 

161-163^ 

142-144 

143-146^ 

116-119 

112-113 

45 

56 

51 

117-118 

110-112 

141-142 

According to the stoichiometry of Equation 26, quantitative con
version of 2c would give 50% of 22 and 50% of 8̂. 

-X represents 10-methylphenothiazine cation perchlorate. 

—The product decomposes. 
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Deprotonation of 5-(l-0xo-2-tetralinyl )-10-

methylphenothiazine Perchlorate (20h) 

2Oh was readily deprotonated by treatment of an acetonitrile 

solution of the salt with t^butylcimine to give the corresponding 

ylide (21), eq. 27. 

NH.C(CH,,),. 

, cio^- — ^ '-^ (27) 

22 
+ 

NH3C(CH3)3C10^ 

21 did not show a carbonyl absorption between 5.35 and 6.00y in the 

infrared and fragmented in the mass spectrum to give 10-methylpheno

thiazine cation radical (m/e 213). Also, 22 decomposed in light 

and upon standing in acetonitrile solutions; an attempt was not made 

to isolate the decomposition product(s). 

Nucleophilic Displacements on g-Ketoalkylsulfonium Salts 

As shown by Shine and Kim (65) 3-ketoalkylsulfonium salts are 

quite susceptible to nucleophilic attack. It was possible to carry 

out nucleopliilic displacements on 2£g with a variety of nucleophiles 

(TABLE 3). The genealized stoichiometry is summarized in Equation 

28 and the mechanism of these displacements is likely to be Sĵ 2. 
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TABLE 3 

Yields— of Products of Reactions of 20g with 

Nucleophiles According to Equation 28 

Code Nu % 22 % 8 mp(22a-e) °C 

Br 

SCN 

S2COCH2CH3 

O2S0CH3 

-N-

65 

75 

69 

48 

10 

62 

93 

76 

70 

62 

33-34 

92-93 

77-78 

141-142 

218-219 

—According to the stoichiometry of Equation 28, quantitative con

version of 22.8 would give 100% 22 and 100% 8̂. 
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64 

, CIO--^^HX_^ 
4 

ou 

+ 

xcio, (28) 

-Nu 

22 

As shown in TABLE 3 most products were obtained in poor yields, 

which could be due to loss of 22 via the corresponding ylide. De

protonation of 22^°'^!'^ give the ylide, and this class of ylides 

has shown to decompose in acetonitrile solutions (19). 

In summary it can be said that the reactions of 2a, 2^* 1^* 

and 2^ with ketones and the reactions of their 3-ketoalkylsulfonium 

salts with bases and nucleophiles give similar results. The 

mechanism(s) by which the cation radicals react with ketones is not 

known and warrants further investigation. 
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0.9 

0,5 

0.1 

Fig. 2. — Ultraviolet spectrum of a 2.84 x 10 M solution 
of 7h in acetonitrile. 
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OA -

0.1 

Fig. 3. — The changes in the ultraviolet spoctrum of a 1.58 
X 10~^M solution of ̂ .̂i in acetonitrile which was 4.9 x lO'^M in 
perchloric acid. 
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Fig. 4. — Ultraviolet spectrum of a 1.81 x 10 M solut 
of 7c in acetonitrile. 

ion 
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220 270 320 

Fig. 5. — Changes in the ultraviolet spectrum of a 1.93 x 
10"^M solution of 2F- ^^ acetonitrile which was 3.57 x 10"^M in 
perchJ>)ric acid. 
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220 2?C 320 

Fig. 6. — Ultraviolet spectrum of a 1.81 x 10 M solution of 
7k in acetonitrile. 
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220 270 320 

Fig, 7. — Changes in the ultraviolet spectrum of a 1.72 x 
10~% solution of T̂k in acetonitrile which was 2.92 x 10" M in 
perchloric acid. 
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320 

Fig. 8. — Changes in the ultraviolet spectrum of a 1.72 x 
lO'^M solution of 7k in acetonitrile which was 4.52 x 10"^M in 
perchloric acid. 
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220 270 320 

Fig. 9. — Changes in the ultraviolet spectrum of a 1.81 x 
10"% solution of ̂ k in acetonitrile which was 2.2!̂  x 10~2M in 
perchloric acid. 
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230 270 

Fig. 10. — The changes in the ultraviolet spectrum of 
a 2.50 X 1 0 ~ % solution of T̂c in acetonitrile which was 2.80 
X 10"2M in hydrochloric acid. 
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APPENDIX 

Compendium of Enumerated Structures 
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(For a-h see page 2.) 
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. ClOî ' 

(For R, and R2 see page 42, Table 1.) 
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