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After standing overnight a t  rooin temperature, the mixture was 
heated for 5-10 min. on the steam bath. F a t e r  was added to 
the mixture until crystallization began. On chilling, the prod- 
uct which separated was collected by filtration and again re- 
crystallized from acetone-water to give 2.8 g. of 2-azido-3-mor- 
pholino-l,4-naphthoquinone, m.p. 85" .  

A n a l .  Calcd. for C L I H I I N ~ ~ ~ :  C, 63.9; H, 5.0; N, 19.2. 
Found: C,63.8; H,4.8;  N,  19.2. 

2-(4-Nitroanilino)-1,4-naphthoquinone.-A mixture of 2,3- 
dichloro-1,4-naphthoquinone (11.3 g . ) ,  p-nitroaniline (7.0 g.), 
and 14 ml. of dimethylaniline in 100 ml. of trichloropropane was 

refluxed for 3 hr. The blue solution was cooled and the bright 
red crystals of 2-( 4-nitroanilino)-l,4-naphthoquinone wPre rol- 
lected (yield, 7.3 g.; m.p., 346") (from trichlorobenzene). 
The infrared spectrum of this compound is identical t o  that of 
a specimen prepared according to Baltzar.12 

In all cases in which a substance was prepared by alternate. 
routes, identity was established by comparison of the infrared 
absorption spectra. 

(12) C. Baltzar, Ber., 14, 1899 (1881). 
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3H-Pyrido[3,2,l-kZ]phenothiazin-3-one and related compounds react with dimethyl sulfate and phosphorus 
oxychloride to give the corresponding alkoxy or chloro quaternary salts. That these salts are electrophilic is 
demonstrated by their reaction with piperidine and 2,3-dimethylbenzothiazolium perchlorate to give alkylated 
piperidine and beneothiazolium salts. 

In  a previous communication,2 it was shown that 
1H-benzo [blpyrido [1,2,3-m,n]phenothiazin-l-one (I) 
and related compounds exist in the ground state pri- 
marily as the charge-separated species A. This con- 
clusion was based on the observation that these com- 

A B 

pounds absorb in the 158&1620-~rn.-~ range of the 
infrared region of the spectrum, whereas related com- 
pounds, such as l12-dihydro-3H-pyrido [3,2,1-kl]pheno- 
thiazin-3-one (B), absorb in the usual amide region 
(1720-1680 cm.-l). Structure A also accounts for the 
fact that I does not form an oxime nor is it reduced with 
sodium borohydride, while the dihydro derivative 
readily undergoes both these reactions. 

In view of the work of Hunig and KObruck3 with 
N-substituted 4-pyridone, it seemed likely that com- 
pounds of type A would undergo oxygen alkylation to 
yield alkoxy quaternary compounds which, in turn, 

I. x = s  
I I . X = O  \ IV. x = s  v. x = o  

I11 VI 

(1) Contribution no. 2308 from the Kodak Research Laboratories. 
(2) J. A. VanAllan, G .  A. Reynolds, and  R. E. Adel, J. Org. Chem., 

in press. 
(3) S. IIunig and  G. Kdbrick, Ann..  317, 1E1 (1938). 

would react readily with nucleophilic reagents. h c -  
cordingly, I, 1H-benzo [blpyrido [1,2,3-m,n]phenoxazin- 
1-one (11), and 3H-pyrido [3,2,1-kl]phenothiazin-3-one 
(111) were heated on the steam bath with dimethyl 
sulfate to give 1-methoxybenzo [blpyrido [1,2,:3-m,n]- 
phenothiazinium perchlorate (IV), l-methoxybenzo- 
[blpyrido [1,2,3-m1n]ghenoxazinium perchlorate (V) and 
3-methoxypyrido [3,2,l-kl]phenothiazinium perchlorate 
(VI) in excellent yield. The hygroscopic metho- 
sulfate salts were converted to perchlorates by means of 
70% perchloric acid in methanol. 

The electrophilic character of IV, V, and VI was 
demonstrated by their reaction with piperidine and with 
2,3-dimethylbenzothiazolium perchlorate to give the 
piperidine derivatives, VII, VIII, IX, and the benzo- 
thiazole derivatives, X,  XI, and XII, respectively. 
Since all three of the methoxy salts reacted in a similar 

VII. x = s  
VIII. x = 0 

x. x=s 
XI. x=o 

ClO, &J N2 
IX 

XI1 

manner with these two nucleophilic reagents, com- 
pound IV was chosen to represent this class of com- 
pounds in a further study of their reactions with nucleo- 
philic reagents. Kitromethane (XIII), malononitrile 
(XIV), and methyl cyanoacetate (XV) react with IV 
in &butyl alcohol in the presence of potassium t-butylate 
to give XVI, XVII, and XVIII. Alternatively, these 
same products may be obtained by the reaction of I, 
with XIII,  XIV, and XV in acetic anhydride a t  reflux 
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XVI. 

XVIII. 

S = XO2; Y = H 

X = CY; Y = C02CHa 
XVII. x = I' = C X  

temperatures. The yields by either method are be- 
tween 60-70%. 

1 - Chlorobenzo [blpyrido [1,2,3-m,n]phenothiazinium 
perchlorate (XIX) and the chloro compounds XX and 
XXI were prepared by heating I, 11, and I11 with phos- 
phorus oxychloride, followed by conversion of the di- 
chlorophosphite salt to the perchlorate. These chloro 
quaternary salts are more reactive than the correspond- 
ing methoxy compounds, as shown by the fact that 

XIX. x=s 
xx. x=o XXI 

they readily yield the ketones, I, 11, and 111, on hy- 
drolysis, with an aqueous pyridine solution, while the 
methoxy derivatives are only hydrolyzed by means of 
sodium carbonate or alkali solutions, and by the fact 
that XIX readily alkylated N,S-dimethylaniline to 
yield the dye XXII,  while IV gave very little reaction, 
as evidenced by the weak color formed. Comparable 

XXI 

yields of alkylation products were obtained from 
piperidine with both the chloro and the methoxy qua- 
ternary salts when the reaction time \vas four hours, but 
the chloro compounds gave superior yields when the 
reaction time was shortened to fifteen minutes. 

Methylation of 4-quinolizone4 (XXIII) &h dimethyl 
sulfate, followed by treatment with perchloric acid, 
gave 4-methoxyquinolizinium perchlorate (XXIV) . 

XXIII XXW 

In contrast to the 4-methoxy quaternary salts, nucleo- 
philic reagents do not react with XXIV in the manner 
expected ; either unidentified products or 4-quinolizone 
were isolated from the reaction mixture. 
(1) 5'. Boekelhoide and J. P. Lodge, Jr., J .  Am. Chem. Soc., '73, 3681 

(1981). 

Experimental 
l-Methoxybenzo[b]pyrido[l,2,3-m,n]phenothiazinium Per- 

chlorate (IV).-A mixture of 0.03 mole of lH-benzo[b]pyrido- 
[ 1,2,3-m,n]phenothiazin-l-one (I)  and 4 volumes of dimethyl 
sulfate was heated for 4 hr. on the steam bath, cooled to room 
temperature, and diluted with 100 ml. of ether. The yellow 
solid was collected, suspended in 50 ml. of methanol, and 5 nil. 
of 70% perchloric acid was added to the suspension. After 
chilling, the crude product was collected and recrystallized from 
acetonitrile; yield, 9070, m.p. 220". 

Anal. Calcd. for C20H14ClN05S: C, 57.7; H ,  3.4; h', 3.4. 
Found: C, 57.4; H,3.5; S , 3 . 2 .  

The following three compounds were prepared by this pro- 
cedure. 

1-Methoxybenzo [b]pyrido[ 1,2,3-m,n]phenoxazinium Per- 
chlorate (V).-Yield, 8847,; m.p. 224" (from acetonitrile). 

Anal. Calcd. for C20H14C1K08: C, 60.2; H, 3.5; N ,  3.5. 
Found: C, 59.9; H,3.5;  h',3.3.  

3-Methoxypyrido [3,2,l-kl]phenothiazinium Perchlorate (VI).- 
Yield, 937,; m.p. 227" (from acetonitrile). 

Anal. Calcd. for Cl8HI2ClSOB: C, 32.6; H, 3.3; S ,  3.8. 
Found: C, 52.2; H,3.5; S,  4.0. 

4-Methoxyquinolizinium Perchlorate (XXIV).-Yield, 913/,; 
m.p. 160' (from acetonitrile). 

Anal. Calcd. for CloHloCINOS: C, 46.3; H ,  3.9; X, 5.4. 
Found: C,46.0; H,3.8; X, 5.5 .  

1-( I-Piperidy1)benzo [blpyrido [ 1,2,3-m,n]phenothiazinium Per- 
chlorate (VII) .-A mixture of 0.005 mole of IS- and 0.006 mole 
of piperidine in 5 ml. of tetrahydrofuran was refluxed for 3 
hr. and cooled to room temperature. The yellow solid was col- 
lected and crystallized from acetonitrile to give a yield of 50% 
of VII, m.p. 208'. 

Anal. Calcd. for C21H21CIS204S: C, 61.5; H, 4.5; X, 6.0. 
Found: C, 61.8; H,4.3;  ?;, 5.8. 

The mother liquors were flooded with ether and the solid that 
separated was identified as I (0.4 g . ) .  

The following compounds were preparcd in a similar manner. 
1-( 1-Piperidy1)benzo [ b]  pyrido [ 1,2,3-m,n] phenoxazinium Per- 

chlorate (VIJI).-Yield, 85%; m.p. 265" (from ethanol). 
Anal. Cdcd. for C?4H21CIS?05: C, 63.7; H, 4.6; S ,  6.2. 

Found: C, 63.2; H ,  4.4; E, 5.8. 
3-( 1-Piperidy1)pyrido [3,2,l-kl]phenothiazinium Perchlorate 

(IX).-Yield, 45%; m.p. 178O(from alcohol). 
Anal. Calcd. for C20H1&1N204S: C, 57.4; H, 4.5; N, 6. i .  

Found: C, 57.2; H,4.8; N,7.0.  
1 - (3 - Methyl - 2(3) - benzothiazolylidenemethyl)benzo[b]- 

pyrido[ 1,2,3-m,n]phenothiazinium Perchlorate (X).-A mix- 
ture of 1 g ,  of JV and 0.66 5. of 2,3-dimethyl-lhenzothiazolium 
perchlorate in 20 ml. of pyridine was refluxed for 2 hr.  The 
purple solutim was diluted with ethanol, chilled, and the solid 
collected and recrystallized from ethoxyethanol. The yield 
of product melting a t  175" viasO.5g. 

Anal. Calcd. for C28H1,C1N204S2: C, 61.3; H, 3.5; Tu', 5.1. 
Found: C,61.2; H,3.5; 5 , 4 . 8 .  

Absorption in the visible region a t  541 mp ( E  28 X lo3). 
Compoundis XI and XI1 were also prepared by this procedure. 
1-(3-Metl1yl-2(3)-benzothiazolylidenemethyl)benzo [b]  pyrido- 

[ I  ,2,3-rn,n]phenoxazinium Perchlorate (XI).-Yield, 607,; m.p. 
224' dec. (from ethoxyethanol). 

Anal. Calcd. for C28H&1N205S: C, 63.3; H, 3.6; h', 5.3. 
Found: C,62.9; H ,  3.7;  S ,  5.0. 

3-( 3-Methyl-2( 3)-benzothiazolylidenemethyl)pyrido [3,2,1- 
kllphenothiazinium Perchlorate (XII).-Yield, 40%; m.p.  
245' (from a mixture of pyridine and ethanol). 

Anal. Calcd. for C21H17Cl?j204S2: C, 58.2;  H, 3.4; X, 5.6. 
Found: C, 58.5; H,3.4; S, 5.2. 

1-Cyanomethylene-1H-benzo [b]  pyrido [ 1,2,3-m,n] phenothia- 
zine (XVI).--A mixture of 1 g. of IS', 0.25 g. of potassium t- 
butoxide, 5 ml. of nitromethane, and 5 ml. of t-butyl alcohol was 
refluxed for 1 hr., cooled to room temperature, and poured into 
dilute hydrochloric acid. The red solid was collected, washed 
with a small amount of cold alcohol, and recrystallized from acrto- 
nitrile to  yield 0.8 g. of product, m.p. 187". 

Anal. Calcd. for CloHI2N202S: C ,  69.8; H, 3.5;  S,  8.1. 
Found: C, 70.3; H,3.8; N,7.0 .  

I-Dicyanomethylene-lH-benzo [b] pyrido [ 1,2,3-nz,n] pheno- 
thiazine (XVII). Method A.-A mixture of 0.8 g. of IT', 0.2 g. 
of potassium t-butoxide, 5 ml. of malononitrile, and 5 ml. of t -  
butyl alcohol was refluxed for 1 hr. and then poured into dilute 



FEBRUARY, 1963 THE ~,~-DITHIOLIUN CATION. 111 539 

hydrochloric acid. The red solid was collected and recrystallized 
from acetic anhydride to yield 0.8 g. of XVII, m.p. 315". The 
material was identical with a sample prepared by method B, as 
shown by the infrared absorption curve. 

Method B.-A solution of 1.5 g. of the ketone I, 0.5 g. of 
malononitrile, and 35 ml. of acetic anhydride was refluxed for 1 
hr. and then chilled. The solid was recrystallized from acetic 
anhydride to  give0.9 g. of XVI1,m.p. 315". 

Anal. Calcd. for C22HllN3S: C, 75.8; H ,  3.2; Ii, 12.0. 
Found: C,75.7; H,3.0; N,  12.1. 

1-Carbomethoxycyanomethylene-1H-benzo [b] pyrido [ 1,2,3- 
rn,n]phenothiazine (XVIII). Method A.-The reaction was 
carried out as just described in procedure A, but using 5 ml. of 
methyl cyanoacetate in place of the malononitrile. The yield of 
product was0.7 g., m.p. 255". 

Anal. Calcd. for C ~ ~ H ~ ~ N S O ~ S :  C, 72.2; H, 3.7; S ,  7.3. 
Found: C,71.8; H,  3.9; N, 7.0. 

Method B.-The ketone I (1 9.) and 1 ml. of methyl cyano- 
acetate in 10 ml. of acetic anhydride was refluxed for 3 hr. and, 
after cooling, the solid was collected and recrystallized from p- 
cymene; yield, 0.8 g., m.p. 256'. 

Anal. Found: C, 72.1; H,3.7; S, 6.8. 
1-Chlorobenzo [b]  pyrido [ 1,2,3-m,n] phenothiazinium Perchlo- 

rate (XIX).-A mixture of 2 g. of I and 25 ml. of phosphorus 
oxychloride was refluxed for 2 hr., cooled to room temperature. 
and diluted with 100 ml. of ether. The red solid was collected 
and washed with ether; m.p. 193". The dichlorophosphite 
salt in this case was not hygroscopic and proved to be pure, but 
in the following examples they were hygroscopic. 

Anal. Calcd. for C19HnC1802SP: C, 50.4; H, 2.4; C1, 
23.1. Found: C, 50.8; H,2.5; C1,23.5. 

A sample of the dichlorophosphite salt was added to a mixture 
of 70% perchloric acid in ethanol. After the mixture had been 

warmed for a few minutes on the steam bath and chilled in a deep 
freeze, the solid XIX was collected, m.p. 222". 

Anal. Calcd. for C1SHllC12?j04S: C1, 16.7. Found: C1, 16.9. 
The following compounds were prepared by this procedure. 
1-Chlorobenzo [b]pyrido[ 1,2,3-m,n] phenoxazinium Perchlorate 

(XX).-An orange solid was obtained; yield, 65%, m.p. 240'. 
Anal. Calcd. for C1gH1lC12SO~: C, 56.6; H,  2.7; ?i, 3.5. 

Found: C,56.9; H,3.3; N,3.7 .  
3-Chloro[3,2,1-kl]phenothiazinium Perchlorate (XU).- 

Yield, io%,  m.p. 245'. 
And.  Calcd. for ClsH&l~SOIS: C, 48.8; H, 2.4; S ,  3.8. 

Found: C,49.0; H,2.5; N,3.7. 
Compounds VII, VIII, and I X  from the Chloro Quaternary 

Compounds XIX, XX, and XXI-A mixture of 0.005 mole of the 
chloro quaternary compound and 0.007 mole of piperidine in 
25 ml. of tetrahydrofuran was refluxed for 3 hr. and cooled to 
room temperature. The yields of XIX, XX, and XXI were 59, 
90, and 55%, respectively. The products were identified by 
melting point and the comparison of their infrared absorption 
curves with the samples prepared from the methosv quaternary 
compounds. 

When the reaction time was shortened to 13 niin., the yields 
of XIX, XX, and XXI  were 40, 53, and 33% from the chloro 
quaternary salts and 16, 28, and 11% from the methoxy quater- 
nary salts. 

I-(4-Dimethylaminophenyl)benzo[b]pyrido[l ,2,3-m,n] pheno- 
thiazinium Perchlorate (XXII) .-A mixture of l g . of I ,  l nil. of 
X,S-dimethylaniline, and 7 ml. of phosphorus oxychloride was 
refluxed for 2 hr., chilled, and diluted with ether. The liquid 
was decanted from the sticky, purple solid and the solid dis- 
solved in hot acetone. To  the solution, 2 ml. of TOf,, per- 
chloric acid was added, and the solution was then diluted with 
water, chilled, and the solid collected; yield. 0.8 g., m.p. 250". 

Anal. Calcd. for CnH21ClN20aS: X ,  5.6. Found: N, 5.9. 
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4-Phenyl- and 4-p-nitrophenyl-1,Z-dithiolium salts react with .Y.S'-disubstituted hydrazines t o  give -V,h-'-disub- 
stituted pyrazolium salts, and with sulfur to  give 1,2-dithiole-3-thiones. 

In the first paper in this series2 we reported the 
reaction of l12-dithiolium salts with hydrazine and 
monosubstituted hydrazines to give pyrazoles. We 
have now found that N,N'-disubstituted hydrazines 
react analogously with 4-phenyldithiolium salts a t  
-20 t o  -40°, giving the N,N'-disubstituted pyrazo- 
lium salts directly in one step. This reaction, formally 
a simple extension of the pyrazole synthesis, presents 
several features of interest: (1) It is a new example of 
the interconversion of cationoid heteroaromatic sys- 
tems, recalling the formation of quaternary pyridinium 
compounds from pyryliuni3 and thiapyrylium4 salts: 
( 2 )  It is the first known synthesis of quaternary pyra- 
zoliuin compounds by a route other than the alkyla- 
tion of a pyrazole; (3') It is the first synthesis of an 
N,N'-diarylpyrazolium compound by any route. 

The corresponding reaction between sym-dimethyl- 

(1) For the previous paper in this series see E. Xlingsberg and A. Schreiber, 

( 2 )  E. Klingsberg. ibid., 83, 2934 (1961). 
(3) E. Shaw. in "Pyridine and Its Derivatives," Pact Two,  E. Klingsberg, 

d., Interscience Publistiers, Inc. ,  New Pork, N. P., 1961, p. 21. 
(4) R. Wizinger and P. Ulrich. Helu.  Chim. Acta, 39, 207 (1956). 

J .  A m .  Chem. Soc., 84, 2941 (1962). 

hydrazine and 4 4  p-nitropheny1)-1 , 2-dithiolium hydro- 
gen sulfate2 (11) gave the nitrophenylpyi.azo1ium salt 
(V) ; this was reduced with hydrazine and palladium 
catalyst to the amine (VI), which was diazotized and 
coupled with dimethylaniline to give the azo dye (YII). 

Only about half the starting material is converted 
in this reaction to pyrazolium salt (50-65% yield). 
The rest is sulfurated t o  give 1,2-dithiole-3-thione (VIII) 
by a curious disproportionation reaction in which the 
breakdown of some of the dithiolium compound pro- 
vides sulfur for the thiocarbonyl group. This reaction 
tends t~o predominate a t  temperatures above - 20°; 
dithiolethione was in fact the only identifiable product 
given by 3-phenyldithiolium salts under all conditions 
that we tried. It is not clear how the hydrazine deriv- 
ative that is present participates in this reaction. Its 
participation is not necessary, since even in its absence 
dithioliuni salts in refluxing pyridine solution rapidly 
disproportionate to  dithiolethiones. If an equivalent of 
sulfur is added, the yield is much higher. This re- 
action was used to prepare IX, the p-nitro derivative of 
VIII! which seems to be the first known nitro compound 
in the dithiolethioiie series. Presumably a nitro group 


