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A New Synthesis of Triphenodithiazines and Triphenodithiazinequinoes

Hisao Nisur,* Yuichi Hatapa, and Kiyoshi KiTAHARA

Department of Applied Chemistry, Faculty of Engineering, Saitama University, Shimo-Okubo, Urawa 338
(Received November 4, 1982)

A new class of 6,13-bis(arylamino)triphenodithiazines has been synthesized by condensing chloranil with
arylamines followed by the reaction of the resulting 2,5-bis(arylamino)-3,6-dichloro-1,4-benzoquinones with
zinc 2-aminobenzenthiolates (4) in the presence of a base in Methyl Cellosolve. On the other hand, the reac-
tion of 2,5-dianilino-3,6-dichloro-1,4-benzoquinone (3a) with 4 in DMF proceeded unexpectedly to give 7,14-
dihydro-6,13-triphenodithiazinequinones by eliminating the anilino groups of 3a.

Few triphencdithiazine ([1,4]benzothiazino[2,3-b]-
phenothiazine) derivatives have been studied in com-
parison with triphenodioxazine derivatives, which are

useful dyes and pigments.!)

Recently, however, Mital

and Jain et al. have reported®?® the synthesis of 6,13-

dichlorotriphenodithiazine and its derivatives. In a
previous paper, we ourselves studied®® the dechlorina-
tion of some 6,13-dichlorotriphenodithiazine (Ia) and
-dioxazine (Ib) with tin powder in polyphosphoric
acid (PPA), as is shown in Scheme 1. Then, it was
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clarified that the replacement of two chlorine atoms
at the 6 and 13 positions by hydrogen atoms brought
about a decrease in the melting point and a strong
hypsochromic shift in the electronic spectrum.
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Scheme 1.

Furthermore, it will be interesting to ascertain the
effects on the physical properties of the introduced
bulky substituents at these positions. We wish here
to report the synthesis and several properties of the
new triphenodithiazines (5) and 7,14-dihydro-6,13-
triphenodithiazinequinones (6). We have established
these novel synthetic routes to be as is shown in Scheme
2. These compounds may be suited for new organic
pigments.
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Scheme 2.

Results and Discussion

The condensation of chloranil 1 (1:2 molar ratio)
with amines 2 in ethanol containing sodium acetates
gave 2,5-bis(arylamino)-3,6-dichloro-1,4-benzoquinones
(3) in good yields by using Mital’s method.?) These
findings are summarized in Table 1.

Zinc 2-aminobenzenethiolate (4a) was prepared from
commercial 2-aminobenzenethiol by Nodiff’s method.®)
Zinc 2-aminobenzenethiolate derivatives 4b—h were
synthesized by improving Mital’s method.?) The basic
hydrolysis of substituted 2-aminobenzothiazoles with
509, aqueous potassium hydroxide afforded the cor-
responding potassium 2-aminobenzenethiolates in the
solution. These salts were converted to zinc 2-amino-
benzenethiolates 4b—h by the following treatment.
That is, the potassium-salt solution was adjusted with
acetic acid to pH 8 and filtered; then, methanol and
zinc chloride in a 159 acetic acid solution were added
to this filtrate. Some examples of these results are
summarized in Table 2. The use of Compound 4
was necessary to cause the following reaction to
proceed smoothly without forming a tarry product.

In the presence of sodium ethoxide, Compound 3
reacted with Compound 4 in 2-methoxyethanol (Methyl
Cellosolve) to give 6,13-bis(arylamino)triphenodithia-
zine derivatives 3 as a new class of heterocycles. The
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TABLE 2.

. Mp®) N-Anal. Mass M+
Compd Substituent Yield 0 f‘)’C Found
No. %, dI:ZO (Calcd)  (mol wt)
R, R, (decomp) (%)
4a H H 87 282 9.05 312
(8.93) (313.76)
4b Cl H 86 274 7.40 380
(7.32) (382.64)
4c Me H 87 300 8.44 340
(8.20) (341.82)
4d OMe H 89 280 7.80 372
(7.50) (373.82)
4e Br H 83 262 6.12 —
(5.94) (469.74)
4f 5,6-Benzo H 53 244 6.93 412
(6.77) (413.88)
4g Cl al 70 272 6.21 448
(6.20) (451.52)
4h Me Me 54 248 7.64 368
(7.58) (369.88)

a) These results were obtained by DTA.

synthetic results of Compound 5 are listed in Table
3. When the molar ratio of sodium ethoxide : Com-
pound 3a (Ar=phenyl) were equal to 1, 2, 4, and 8,
Compound 5a was obtained in yields of 26, 40, 42,
and 299, respectively. The best yield of Compound
5a was afforded by using a 1.5-fold excess of 4a in
relation to the 3a in Methyl Cellosolve.

The decomposition point of Compound 5, as ex-
amined by DTA, was observed to be as high as the
other triphenodithiazines previously reported by us.%5
Especially, the replacement of two chlorine atoms
at the 6 and 13 positions in Compound Ia to phenyl
groups caused a rise in the decomposition point. Com-
pound 5 was easily soluble in organic solvents. How-
ever, by the introduction of p-(benzamido)anilino
groups at the 6 and 13 positions Compound 5 became
sparingly soluble as compared with that of other
arylamino groups.

The UV and visible absorption spectra showed 320—
358 nm in H,SO,; and 555—621 nm in dioxane re-
spectively. When the R; and R, substituents were
hydrogen atoms, the UV and visible spectra of Com-
pound 5 were found in the narrow regions of 320—
328 nm and 555—560 nm respectively. These values
were nearly the same as those of 6,13-dichlorotriphe-
nodithazine® (Ia) (UV: A,,. 332 nm, visible: 1.,,, 560
nm) and triphenodithiazine® (IIa) (UV:_,.(H,S0,)
321 nm, visible: 1,,.(dioxane) 560 nm). It was sug-
gested that the spectral change caused by conjugation
effect was very little, for 6,13-disubstituted arylamino
groups could not be coplanar with the triphenodi-
thiazine ring.

The bathochromic effect was observed by introducing
the substituents, R; and/or R,. Especially, the an-
nelation compound 5n showed a remarkable shift in
both UV and visible spectra. The streak colors of
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R> NHAr NHPh
Substi 2) N-Anal. Cl-Anal L) by o
Compd ubstituent Yield g/Ip°C Appearance Br Visible uv
No. 5 m/ (Streak color) Found Found  Apax/nm Ayay/nm
Ar R, R, % (decomp) (Caled) (Caled) (ex10-%) (¢ 10-%)
(%) (%)
NN Green needles 11.6 555 328
Sa ) H H 50 500 Purple) a2y 5.0) (5.9
Green needles 9.93 12.8 555 323
5b H H 60 455
l\/“\Cl (Purple) 9.84) (12.5) (4.3)  (4.4)
Green needles 10.8 557 320
5 \/\ H H 4 460 —
c \/"\Me 2 (Purple) (10.6) 4.0)  (4.3)
Brown needles 10.2 559 324
5d \/\ H 1 463 —
\/"\OMe H * (Purple) (9.99) (5.2)  (5.3)
Brown needles 8.54 25.1 555 323
5 \/\ H 48 480
e \/"\Br H (Purple) (8.51) (24.2)  (4.4)  (4.8)
N Blue needles 9.38 558 330
5£ 4 —
HOOG ,‘\/ H H 2 B2 Purple) (9.52) .0)  (5.1)
NZAN Brown needles  13.9 560 328
5 H H 2 428 ' —
g |\/"\NH Ac (Purple) (13.7) (—) (6.1
Purple powder 11.5 560 326
5h | ] m H H 25 450 purple) are (—)  (3.6)
N\VANHCON
54 \|/\|/\“ H H 34 450 Brown needles 9.36 B 557 326
Purple 9.33 3.4 3.5
\/\ Brown needles  9.85  12.7 579 337
5 ) a Hv 19 465 (violet) 9.84) (12.5)  (4.2)  (4.2)
N
N\ Dark blue 10 591
5k 1 Me H 20 495  powder (10'(75) — 5.2) (gsf)
N (Violet) : : :
N Green needles  10.2 578 336
51 () OMe H 16 460 (Violet) 9.99) T (4.6)  (4.3)
N
N Violet powder ~ 8.73  23.8 591 339
5m (! Br H 25 390 Violet) @®.51) (24.2)  (3.6)  (3.5)
N
VN Brown needles 9.37 621 358
5n (J  34Benzo H 26 500 Blue) 9.33) 4.2)  (&.7)
N
50 \I/\II B H 98 sop  Violet powder  7.05 — 586 336
\me (Violet) 6.87) (39.2) (3.7) (3.2
\/\ Violet powder ~ 7.29 — 599 345
c 443 :
5p a /\/I\Cl 1 a %6 (Violet) (7.22)  (36.6)  (3.5)  (3.0)
N /\ Violet powder ~ 10.6 8.8l 590 337
a H %2 390 ;
5q I\/II\NH o/ \/II (Violet) (10.4)  (8.78)  (3.9)  (4.3)
a) These results were obtained by DTA. b) In dioxane. c) In H,SO,.
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TaBLE 4. 6,13-TRIPHENODITHIAZINEQUINONE DERIVATIVES 6
O H R (o] H
Ry S ﬁﬁ 3 N @
LK, e
R, H O 6h H o O
feld  Mp® N-Anal. prAnal yighien  Uve R
Compd Substituent ~Yield 6 1700 Appearance Found Found Ay /nm Ageg/nm .~

m, max max

No. — % (decomp) (Streak color) (Caled) (Caled) (ex10-4) (e510-4) PN-H  ¥e=0_

R R cm™? cm~1

! 2 (%) (%)

Blue powder 7.91 723 334

6a H H 73 393 (Blue) (8.00) — (5.6) (6.2) 3240 1635
Blue powder 6.65 17.1 733 337

6b cl Ho 68 414 g 6.68) (17.9) (6.8)  (6.3) 5240 1630
Blue powder 7.45 749 335

(1 Me H 66 357 (Blue) (7.40) — (6.4) (6.2) 3250 1635
Blue powder 6.89 773 331

6d  OMe H 6+ 342 Grenish blue)  (6.83) T (5.2) (6.4 5200 1630
Dark blue powder 5.63 30.6 749 340

Ge Br H 55 417 (Greenich blue)  (5.51) (31.4) (5.6)  (5.2) 5290 1635
Green powder 5.81 28.9 748 348

of a Cl 15 417 Greenish blue)  (5.74) (29.1) (6.7)  (6.8) 5240 1640
Dark blue powder 6.94 750 342

6g Me Me 34 372 (Blue) (6.89) — (6.8) (6.7 3250 1640
Green powder 6.32 860 362

6h 3,4-Benzo H 57 420 (Green) (6.22) — (5.7) (6.6) 3250 1620

a) These results were obtained by DTA. b) In H,SO,.

Compound 5 were from purple to blue.

The IR absorption spectra in KBr showed the N-H
stretching band (around 3300 cm~1) and the disap-
pearance of the C=O stretching band (around 1660
cm™1) of Compound 3.

On the other hand, the reaction of Compound 3a
(Ar=phenyl) with Compound 4 in N,N-dimethyfor-
mamide (DMF), in the absence of a base, afforded
7,14-dihydro-6,13- triphenodithiazinequinone deriva-
tives 6 by eliminating the anilino groups of Compound
3a.? The synthetic results of Compound 6 are listed
in Table 4. Some of the triphenodithiazinequinones
have already been synthesized by another synthetic
route.®) A good yield of Compound 6a (unsubstituted)
was obtained only when the molar ratio of 3a:4a was
1:2 in DMF. This reaction was tested in various
solvents: chlorobenzene, nitrobenzene, anisole, acetic
acid, cyclohexanol, Methyl Cellosolve, DMF, ¢tc. Con-
sequently, DMF was found to be the best solvent for
dissolving 3 together with 4.

Several 3 compounds as well as 3a reacted with
4a to give the same compound, 6a, in 60—689, yields.
When 3k (R=cyclohexyl) or 31 (R=butyl) was used
as the starting material, however, Compound 6a was
obtained in a low yield.

The 6 compounds decomposed at 342—420 °C, and
the streak colors were from blue to green. Because
the 6 compounds were sparingly soluble in the usual
solvents, then UV and visible absorption spectra were
measured as 331—362 nm and 723—860 nm respec-
tively in H,SO,. Accordingly, the visible spectra were
actually observed in the near-infrared region. The

bathochromic effect of Compound 6 was observed as
well as that of Compound 5.

The IR absorption spectra in KBr showed a N-H
stretching band (around 3250 cm~!) and a C=O
stretching band (around 1630 cm?1).

It may be assumed that the reaction mechanisms
are based on Pearson’s HSAB (Hard and Soft Acids
and Bases) principle®), as is shown in Schemes 3a and
3b. The mechanisms in the residual side of the in-

termediate can also be similarly.
0:: H O
N
S
N @

Scheme 3a. Hard acid and hard base type.
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Scheme 3b. Soft acid and soft base type.

Experimental

The melting points are uncorrected. The DTA was meas-
ured on Rigaku Denki YGHD. The IR spectra were taken
with a JASCO IRA-2 apparatus. The UV and visible
spectra were recorded with a Hitachi EPS-3T apparatus.

Condensation of Chloranil 1 with Amines 2, To a stirred
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suspension of 1 (0.025 mol) and sodium acetate (0.061 mol
in ethanol (50 ml), we added arylamine 2 (0.10 mol). The
mixture was then heated under reflux for 3—5 h and filtered
while still hot. The residue was washed with ethanol, hot
water, and water, and dried. Recrystallization from the
appropriate solvents gave 2,5-bis(arylamino)-3,6-dichloro-1,4-
benzoquinones (3) in a good yield. The yield and properties
of 3 are listed in Table 1.

Preparation of 6,13-Dianilino-type 5. A mixture of 3
(0.0025 mol), zinc salt of substituted 2-aminobenzenethiol 4
(0.0025 mol), and sodium ethoxide (0.0075 mol) was refluxed
for 6—8 h in Methyl Cellosolve (150 ml) and then.cooled
overnight. The precipitated solid was collected, washed
with Methyl Cellosolve, ethanol, hot 3 M HCI1 (1 M=1 mol
dm-3%), and water, and dried. Recrystallization from o-
dichlorobenzene produced 6,13-bis(arylamino)triphenodithia-
zines (5). The yield and properties of 5 are listed in Table

Preparation of 6,13-Quinone-type 6. A mixture of 3
(0.0025 mol) and 4 (0.0050 mol) in DMF (50 ml) was re-
fluxed for 12 h and filtered while still hot. The residue
was washed with hot DMF until the filtrate was almost
colorless, washed with ethanol, and dried. Further, the
solid was washed with hot 3 M HCI for a long time and

Hisao Nisui, Yuichi Hatapa, and Kiyoshi Krranara

[Vol. 56, No. 5

then with water, and dried. Sublimation in vacuo gave 7,14-
dihydro-6,13-triphenodithiazinequinones (6). The yield and
properties of 6 are listed in Table 4.
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