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3-Aryl-2H-l,4-benzothiazines have been converted into cyanine dyes by condensing their hydroperchlorates with 
aldehydes, and into azo-compounds by coupling with reactive diazonium salts. The azo-compounds were also 
obtained by condensing arylglyoxal hydrazonyl bromides with o-aminothiophenol ; they exist predominantly in 
their tautomeric hydrazone forms. 2-Amino-3-mercapto-l,4-naphthoquinone condenses with w- bromoaceto- 
phenones to form 3-aryl-3,4-dihydro-3-hydroxy-2H-naphtho[2,3-6]-1,4-thiazine-5,1O-quinones. Attempts to 
dehydrate these carbinolamines gave a variety of products. Oxidation of the phenyl analogue with iodosobenzene 
diacetate led to acetyoxylation at  C-2 by an indirect Pummerer oxidation. 

THE identification I of the natural trichochrome pig- 
ments [e.g. (l)], and the synthesis of the parent corn- 
pound incorporating the new chromophore, suggested 
that the 1,4-benzothiazine system might form the basis of 
new dyes of possible commercial interest. Relatively 
little work has been done in this area, and we describe in 
this paper some modifications of 3-aryl-2H- 1,4-benzo- 
ttiiazines which lead to coloured compounds. 

The benzothiazines (2; R = OMe and NO,) were 
prepared by condensing the sodium salt of o-amino- 
thiophenol with the appropriate w-bromoacetophenone 
followed by rapid work-up to avoid oxidative dimeris- 
a t i ~ n . ~ ”  Using the slower procedure of ref. 4b a niono- 
meric benmthiazine (3; J <  

( 2 )  

-l 

OMe) was isolated on 

H O  

( 3 1  

( 5 )  

only onc occasion clespitc many attempts. That the 
compoun(15 are tlic 3N-tautomers follows from the 
prewnre o f  a %proton singlet 7 in  llieir n.m.r. spectra 
at 6 cn. 3.5. This is c-oiisktcnt with previous work on 
(2; I< : Me, C1, 13r) 4h ;tltliougl~ (2; R == M) is said 6.(i to 

t Unchanged at - -40  “c‘. 

exist in solution a s  a tsutomeric mixture of the 2H- and 
4H-isomers. However the evidence is unconvincing ; 
in particular no n.m.r. signal is reported for the vinyl 
proton of the 4H-tautoiner which should be seen upfield 
from the aromatic proton resonances. An attempt to 
separate the isomers gave the dimer (4; R = H). 
Several 3-aryl-2-cyanobenzotliiazines have been 
assigned 7 the 4H-isomeric structure but without sup- 
porting evidence, possibly following an earlier unsup- 
ported suggestion8 The original ‘ preparations ’ 9 of 
(2; R = H), using the above method, actually gave the 
climer (4; R = H) as did that of Finar and Mont- 
gornery.l* 3-Aryl-2H-1,4-benzothiazines in general are 
very prone to  autoxidative dimerisation, especially in 
polar solvents (it can be effected deliberately by oxygen- 
ation in acid solution Il), and we found it very difficult to 
avoid even when air was excluded. The p-tolyl deriv- 
ative (2; R = Me) is particularly easily dimerised and 
we only obtained the monomer on one occasion.12 
Again, on repeating the preparation of the 3-o-hydroxy- 
phenyl derivative (3) exactly as described l3 we also 
isolated the corresponding 2,2’-dehydro-dimer in 12 yo 
yield; (3) exists in the chelated form shown (&OH 14.74) 
but the dimer was too insoluble for n.m.r. purposes. 

Following the method of Fujiil* we obtained the 
2,2’-dimers (4; R = OMe and NO,) by oxidising the 
corresponding monomers with hot ethanolic picric acid, 
although (4; R = OMe) was sometimes obtained on 
attempted crystallisation of the monomer from methanol. 
In  the mass spectra of the dimers (4; R = OMe and 
NO,) the highest peak corresponds to M f  - 2 again 
reflecting the ease of dehydrogenation, while for the 
2,2’-diiner of (3) the highest peak is found at  Mf - 4. 
Oxidation of the monomers (2) with chloranil l5 gave 
the A232’-bibenzothiazines ( 5 ;  R = OMe and NO,) while 
further oxidation of (4; R = OMe) with DDQ also 
afforded ( 5 ;  R = OMe). T.1.c. showed that ( 5 ;  K = 
Ohlt.) was a mixture of a red and a yellow compound, 
presumably the cis and trans forms by comparison with 
( 5 ;  R = Br, C1, and Me).15 Isolation of the two forms 
was not possible as they rapidly intercouverted a t  room 
temperature. The red clinitro-dimthr (5 ; R = NO,) 
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exists in one form only (t.1.c.) which, by analogy,15 is the 
cis-isomer. The visible spectra of the A 2 p  ,‘-bibenzo- 
thiazines (5) undergo a large bathochromic shift in acid 
solution on formation of the mesomeric cation (6) [ca. 
145 nm for (5; R = Br, Cl)].15 However, the shift for 

R -- 
NO,) shows no shift on acidification. The former can be 
attributed to competing conjugation from the methoxy- 
group (7) while the latter is probably due to the reduced 
basicity of the imino-nitrogen arising from the $-nitro- 

(5; R = OMe) is reduced to 120 nm while ( 5 ;  (110) 

A minor product from the oxidation of (2; R = OMe) 
group (8). 

with chloranil was the thiolactone (9) [vco 1633 cm-l, 
M+ - CO (loo%)]. The structure was confirmed by a 
Sarett l6 oxidation of (2; R = OMe) which is known l7 

( l lb )  (12) 

H the more reactive diazonium salts. In the second 
method the azo-coupling was effected at  an earlier stage 
in the formation of the hydrazonyl bromides (12) which 
were then condensed with the sodium salt of o-amino- 

( 6 )  thiophenol to give the azo-compounds (11; R1 = H, 
R2 = H, OMe, and NO,). The hydrazonyl bromides 
(12; R1 = R2 = H .  , R1 = H, R2 = OMe; and R1 = a;p ;:o - R2 = OMe) were prepared 19920 by converting aryl 
phenacyl sulphides into the corresponding methyl 
sulphonium bromides (13) which were coupled with a 

( 7 1  ( 8 )  diazonium salt (Scheme 1). However, a t  tempted pre- 
paration of (12; R1 = H, R2 = NO,; R1 = OMe, 
R2 = NO,; R1 = R2 = NO,) under the same conditions 

{yqy) f--c {x:qK] 
Ar Ar 

f -J;pCMe 

Ar’COCH2 ( Me) Ar * 
(13) 

( 9 1  (101 

to convert chromens to coumarins. The major product 
from that oxidation was actually 2-(+-methoxyphenyl)- 
benzothiazole, and it was subsequently found that 
(9) could be converted into the thiazole merely by reflux- 
ing in methanol [decarbonylation l8 of (9; H in place of 
OMe) was effected a t  300 “C]. 

Cyanine Dyes.-Russian workers 3b have shown that 
N-methyl-2H-1,kbenzothiazines will condense with 
aromatic aldehydes to form cyanine dyes. The methyl- 
ene group of (2; R = OMe) would not condense with 
aldehydes under neutral or alkaline conditions but 
reaction occurred in acetic acid using the hydroper- 
chlorat e. Condensation with p-dimet hylaminobenzalde- 
hyde and fi-dimethylaminocinnamaldel~yde gave the 
intensely blue and green perchlorates (10) and (10; 
=CH-CH=CH in place of =CH), respectively (imax. 588 
and 646 nm). The free bases are orange. 

Axo Dyt.s.-Benzo-l,4-thiazine azo-compounds, not 
known hitherto, have been prepared by two methods. 
Coupling (2; R = OMe) with diazotised fi-nitroaniline 
and diazotised methyl $-aminobenzoate in aqueous 
methanolic sodium acetate readily gave the azo-dyes 
(11; R1= OMe, R2= NO,), and (11; R1= OMe, 
R2 = CO,Me), respectively, but the reaction is limited to 

Ar3NZ* 1 
Ar’COCHi(Me)Ar2 Ar’COC&Me)Ar2 

I II 
NNHAr3  
( 1 4 )  

-Ar2SMe 
Ar’COC ’ - Ar1COCi(Me)Ar2 (12 1 

II - II - 
NNAr NNAr3 

(16) (15)  

/ 

(17 1 
SCHEME 1 
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led to the formation of the 1,2,4,6-tetrazines (17; R1 = 
NO,, R2 = H, OMe, NO,) in low yield. This has been 
observed before 20,21 and may be attributed to the 
removal of a proton from the intermediate sulphonium 
hydrazone (14) by base (acetate) to form the zwitterion 
(16) wliich either cyclises as shown (18)' or loses aryl 
methyl sulphide to produce a 1,3-dipole (16) which then 
dimerises. All tlie tetrazines isolated were derived 
from the $-nitrophenylhydrazones [14 ; Ar3=CG€I,N0,- 
($)I. The P-nitro-group would favour tetrazine form- 
ation in preference to formation of liyclrazonyl broni icle 

M e  
I Ar3 

Ar * -S' ,I - I  
" 

N q++ 
ArlCOCd 

II 
II 
N 

\--CCOAr' 

I 
Me 

A r 3  \ 

(181 

both by increasing the acidity of the N H  proton in 
(14), and by stabilisation of the 1,3-dipole (16) if formed. 

Another member of tlie benzothiazine ' azo ' series 
(11) was obtained from one of the tetrazines thus 
providing further confirmation of the s-tetrazine struc- 
ture (cf. ref. 20). Condensation of the tetrazine (17; 
R1 = NO,, R2 = H) with the sodium salt of o-amino- 
thiophenol gave (1 1 ; R1 = €I,  R2 = NO,) which must 
proceed as shown in Scheme 2. 

PhCOIN;N/Ar 

A( "coph 

Ar Ph 

I .  

(11 I Ar Ph 

Ar = G N 0 2  

SCHEME 2 

The ' azo ' compounds ( 1  1) are written as an equili- 
brium mixture but only (11 ;  R1 = H, R2 : OMe) 
provided evidence for the presence of two tautomers. 
This compound moved as two spots on t.1.c. and 
each spot, after elution, ran again as two compounds. 
Further, the U . V .  absorption curves, measured in five 

different solvents at the same concentration, formed an 
isosbestic point. To determine which isomer pre- 
dominated comparison was made with thc azo- 
compounds (19; K = H, and OMe) prepared by con- 
densing o-A~-n~etliyl,zminotliiophenol with the hydrazoriyl 
broinides (12; 12 = €3 and OMe). As the Tablc shows, 

Me 
I 

f-JNx'ph S 

H aN,,,, S 

0 2  

1 2 2 )  

L a!xPh N = N \  / R  - a:x:L,(==JR \ /  
0 2  02 

(23a) (23b) 

the preferred tautomer is the hydrazone form (1 la) .  
Some further support is provided by the mass spectra 
of the compound (11) .  These all include a strong peak 
for M 4  - ArNH (20) except for (13; R1 = H, K2 = 
OMe) wliere it is weak, while in the spectra of (19) i t  is 
replaced by a fragment ion M i  - N=NAr (21) which is 
the base peak. 

Two am-compounds of type (23) were also prepared 

Visible absorption o f  compounds (11)  and (19) 
Compound ( I  I )  

1C* li 2 A,,,,,. * nm (1% E) 

NO2 417 (4.38) 
C021LlC 408 (4.19) 
N( jZ 430 (4.38) 
H 426 (4.09) 
onzc 438 (4.02) 

505 (4.17) 
506 (4.25) 

* Tn EtOTT. 

froin tlic benzothiazinc. SS-tlioxide (22). This coni- 
pouiicl, obtained by reductive cyclisation o f  o-nitro- 
phenyl phenacyl sulphonc witli phosphinic acid and 
palladium black, exists csclusively in the 4H-tautomeric 
form (8 cn. 6.2, -CH-) like other menibers of the series,22 
in contrast to the 211-1,4-bcrizotIiirtziiit~s ( 2 ) .  I t  coupled 
only with the niore reactive diazoiiiurn salts to give (23; 
I< = NO2 and CO,Me). Only onc tautorneric form was 
observed in each casc but we have no clccisive evidence 
in favour of (a) or (h). 

Quil.2onrs.--niiothr.r way to introduce colour into the 
lmizothiazine system is to convert the aromatic ring 
into a quinone. For convenience we initially at tempted 
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to synthesise the naphthothiazineqninone system (24) 
which appeared to be readily accessible by condensing 2- 
atnino-3-mercapto-1,4-naphthoquinone witli cb-bromo- 
acetophenones. In the event the compounds isolated 
were the carbinolaniines (25)  (more accurately vinylogous 
carbinolamides). The mass spectra of ( 2 5 ;  K = H, 
OMe, NO,) all showed initial fragmentation with loss of 
water and subsequent loss of sulphur. 

I t  is possible that the condensation reactions do yield 
the anliydro-form (24), as in the 3-argrl-2H-l,4-benzo- 

0 0 

( 2 4 1  ( 2 5 )  

(281 ( 2 9 )  

(30) 

thiazine preparations describetl above, but rcbliytlration 
would occur readily as the unsaturated system, C=N- 
C=C-C=O, thus formed, would be \‘cry nucleophilic. 
Russian workers 23 have observed that in t lw  preparation 
of pyrimidino-2H-l,4-thiazincs (26) tlic rc,u.tion may 
stop at  the carbinolaniinc stage according to tlic s u l ~  
stituerits present. Stirring the carbinolsrniiiei (25) with 
acid-washed silica or alumina or ;t t raw of tolume-p- 
sulphonic acid in dry solvents, appeartd to effect 
dehydration (as judged by colour changes) hi t  tlie 
anhydro-products could not be imlatecl. l’rcating 
(25; R = H) in cold mt~thanol with a drop of liyclro- 
chloric acid gave the 0-rnetliyl derivative (25;  IC -= 11, 
OMe in place of OH). 

Further attempts to dchydratc (25) to  (24) hy heating 
gave other products. Thus heating (2.5; R = 1%) a t  
280 “C in vacuo led to extrusion of sulphur ancl loss of 
water to form the indolequinone (27; EC -- TI) which 

has been prepared 24 previously by thermolysis of 2- 
azido-3-styryl- 1,4-napht hoquinone. The met hosy- 
analogue (27; R = OMe) was derived similarly while 
the nitro-compound (27;  I< = NO,) could only be 
obtained, in poor yield, by heating with copper bronze. 
Heating the quinone (25; I< = H) in higher boiling 
solvents (mesitylene, diniethylformamide, or dimethyl 
sulplioside) gave either recovered starting material or an 
intractable mixture but in boiling acetic acid a nearly 
quantitative yield of the dimer (28) was obtained. 
15vidently dehydration to (24) is followed by oxidative 
dimerisatioii either self-induced or effected by air. That 
tlie dimer is in tlie 4H-tautoineric form is evident from 
tlie i.r. [vsrl 3 366 cni-l] and n.m.r. (no methine signal) 
spectra ant1 may be attributed to the presence of the 
conj ugatecl system 1%-C=C-C=C-Ph. A Dreiding model 
indicated that intramolecular hydrogen bonding would 
be negligible. The highest peak in the mass spectrum of 
(28) is attributed to M k  - S with the base peak at  mle 
544 ( M +  - 2 s ) ;  an unexpected ion a t  mle 562 cor- 
responds to M +  - CH2S. Oxidation of (28) with silver 
oxide gave the violet A2*2’-dinier (29) which ran as two 
compounds in t .l.c., presumably cis- and trans-isomers, 
but they could not be isolated. In  contrast to analogous 
dimers, discussed above, this compound showed a batho- 
chromic shift of the visible spectrum in acid solution. 
This may be attributed to protonation on a carbonyl 
group and nucleophilic attack at C-3 (and 3’?) [see (30)]. 
In tlie mass spectrum of (29) both M +  and M i  - S are 
base peaks but M t  - 2 s  (542) is much weaker than 

In view of our inability to isolate naphtlio-2H-1,4- 
thiazine-quinones of type (24) we attempted to syn- 
thesise a 4H-tliiazine of type (31). Condensation of 2- 
anilino-3-mercapto-1,4-naphthoquinone with w-bromo- 
acetoplienone did not lead to (31; Ar = I’h) or the 
corresponding carbinolamine but gave only the un- 
cyclised product (32) (vNI1 3 250 cm-l, no VHO, vco 1 683 
cm l, SoH2 4.06). On heating in methanol containing a 
drop of hydrochloric acid cyclisation did occur but the 
product was nitrogen-free arid we regard i t  as the oxa- 
tliian-quinone (33) which is consistent with the spectro- 
scopic and analytical data. Presumably the anilino- 
quinone (32) is hydrolysed to the corresponding hydroxy- 
quinonc followed by cyclisation to the hemiacetal (33 ; 
OH in place of OMe), and furtlier reaction with methanol 
in tlic. 1)rcs;encts of wid to give (33). 

Otlier variations of (24) which might permit the iso- 
lation of a stable compound are the sulphoxidcs (34) or 
tlie corresponding sulplmnes. In  an approach to (34) the 
quinone (25; R -= H) was oxidised with iodosobenzene 
tliawtnte z5 ill acetic acid but unexpectedly the product 
obtained was tlie quinone (35)  showing n.m.r. signals for 
ctlmxy- and acetoxy-groups, and -NH- proton and a 
nietliine proton at 8 6.16. In the mass spectrum the 
base peak falls at ?n/c 293 (C,,H,,NO,S, i.e. M +  - 
EtOIT - CH&O - CO) which we attribute to tlie ion 
(3;). The appearance of the acetoxy-group at  C-2 is 
evidently the result of a Pummerer rearrangement the 

M ’ - 2s + 2E-I (544). 
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unusual feature being that the reaction starts with a separated on cooling to form yellow needles, m.p. 159-- 
sulphide rather than a sulphoxide, the first step being 161 "C (from ethanol) (1.95 g ,  93%) (Found: C, 50.5: H, 
formation of the sulplionium acetate (37). Tlie ethoxy- 3.9;  Cl1 10.2; N, 3-6; s, 8.7- C15H14C1N06S requires C, 

50.G; H, 3.9; C1, 10.0; N, 3.9; S, 9.0%). 

( 3 1 )  

0 

( 3 5  1 

0 

- _  

:~-(p-NitvopJ~en~Z)-2H-1,4-benzothiazine (2; R = NO,).- 
The above reaction was repeated using w-bromo-p-nitro- 
acetoplienone (2.43 g). After stirring for 3 11 the mixture 
was evaporated in vacuo leaving an oil which, in chloroform, 
was passed do\m a column of dry silica to give a solid which 

0 gave the benzothiazhe as pale yellow plates, m.p. 120- 
132 "C (decoinp.) (from ethanol) (1.14 g, 52%) (Found: 
C, 62.2; H, 3.5; N, 10.4; S, 11.6. C1,H,,N,O,S requires 
C, 62.2; H, 3.7; N, 10.4; S, 11.9%); A,,, 240, 274, 304, 
and 347 nm (log E 4.37, 4.27, 4.13, and 4.02); 6 3.60 (2 H, 
s, CH,), 7.04-7.56 (4 H, ni, ArH), 8.20 (4 H, dd, J 9 Hz, 
H-2', -3', -5', and -6'); m/e 270 (M+,  loo%), 224 (18), 
223 (28), and 121 (25). 

3-p-To2yZ-2H-1,4-benzotl~iazine (2 ; R = Me) .-The above 
reaction was repeated with o-bromo-p-methylacetophenone 

( 3 4 )  (2.12 g). After stirring overnight the mixture was eva- 
porated i iz  uacuo leaving a dark yellow oil which was 
dissolved in cliloroforni and passed down a column of drj- 

7 silica. The yellow oil obtained slowIy solidified. Crystal-. 
lisation from methanol gave the benzothiazine as yellow 
needles, imp. 54-55 "C (1it.,l1 53-55 "C) (1.8 g ,  750/,); 
6 2.38 (3 H, s, CH,), 3.54 (2 H, s, CH,), 6.9-7.6 (6 H, m, 
ArH), and 7.86 (2 H, d, J 8 Hz, H-2' and -6'); mle 239 
(A&+, 20%), 238 (loo), 223 ( l l ) ,  and 121 (3). 

(36) 2,2'-Bi(3-aryZ-2H-1,4-benzo~~~uz~~e)s.-(u) (4; R = 
OMe). 3-(p-Methoxyphenyl)-2H-1,4-benzothiazine (1.3 g) 

@NHf"h 

(32) 

' ' SCH2C0Ph 

ph 

0 

( 3 7 1  

group in the product (35) arises from the ethanol in the 
chloroform used in chromatographic purification. 

EXPERIMENTAL 

U.V. and n.m.r. spectra were measured for solutions in 
etlianol and deuteriochloroform, respectively, and i.r. 
spectra for KBr discs unless otherwise stated. Merck 
Kieselgel 100 (70-230 mesh) was usecl for dry column 
chromatography. 

3-(p-Methoxy~henyl)-2H-1,4-benzothiazine (2 ; R = 
C)Me) .-o-Aniinot hiophenol (1.25 g) was added to a solution 
prepared from sodium (0.23 g) and ethanol (20 nil), ancl, 
after 15 min, o-bromo-p-methoxyacetophenone (2.28 g) 
in ethanol (25 ml) was added. The benzothiazine precipi- 
tated almost immediately. It crystallised from 807i0 
ethanol as pale yellow needles, m.p. 98-100 "C (2.4 g, 
94%) (Found: C, 70.4; H,  5.2; N, 5.3; S, 12.8. C15H13- 
50s requires C, 70.6; H ,  5.1; N, 5.5; S, 12.55%); A,,,. 
234sh, 275, 309, 323, 351sh nm (log E 4.19, 4.20, 4.1 0, 4.10, 
and 3.96); 6 3.5% (2 H,  s, CH,), 3.80 (3 H, s, OMe), 6.94 
(2 H, d, J 9 Hz, H-3' and -5') ,  7.02-7.52 (4 H, 111, ArH), 
and 7.95 (2 H,  d,  J 9 Hz, H-2' and -6'); m / e  255 (M+,  
loo%), 240 (9), and 121 (7). The benzothiazinium per- 
clilorate was prepared by heating the benzothiazine (2 ; 
R = OMe) (2.0 g) in boiling ethanol (30 ml) containing 60% 
perchloric acid (1.5 g) for 2 11. After filtration the salt 

and picric acid (1.17 g) were heated in refluxing ethanol 
(40 ml) for 30 niin. Tlie dimer crystallised on cooling as 
yellow needles, m.p. 219-221 "C (from xylene) (1.0 g, 
78%) (Found: C, 71.0; H ,  4.8; N, 5.6;  S, 12.5. C,,H,*- 
N20,S, requires C, 70.9; H, 4.7; N, 5.5; S, 12.6%); 
A,,,. (CHC1,) 250, 277, 303, 340, and 361 nin (log E 4.35, 
4.3G, 4.27, 4.14, and 4.10); S(C,D,N, 100 "C) 3.71 (6 H, s, 
OMe), 4.49 (2 H, s, >CH-), 6.90 (4 H , d ,  J 9 Hz, H-3', -3" 
and H-5', -ti"), 6.98-7.74 (8 H, m, ArH), 7.82 (4 H, d, J 9 
Hz,  H-2', -2" and H-6', -6"), m/e 508 (M+,  <O.lyo), 50G 
(<0.3), 255 (35), 254 (loo), 240 ( 5 ) ,  223 (7), 106 (13), and 
91 (45). By analogy, this dinier is probably the meso 
form . l1 

( b )  (4; R = NO,) was obtained similarly. It crystal- 
lised from xylene as yellow needles, m.p. 245-247 "C 
(0.23 g, 8674,) (Found: C, 62.4; H, 3.4; N, 10.3; S, 12.1. 
C,,H,,N,O,S, requires C, 62.5; H, 3.3; N, 10.4; S, 11.9%); 
A,,,. (CHCl,) 254, 269sh, 304, and 359 nm (log E 4.42, 4.38, 
4.26, and 4.08); G(C,D,N) 4.57 (2 H, s, >CH-), 6.9-7.9 
(8 H, m, ArH), and 7.95 and 8.16 (each 4 H, d, J 9 Hz,  
CGH,NO,); m/e 538 (<0.1%), 536 (M', <0.3%), 270 (32), 
269 (loo), 223 (71), and 91 (10). Only one form of the 
dimer was detected, presumably the meso.ll 

-3- 
(o-Hydroxyphenyl) -2H- 1,4-benzothiazine was prepared 
from o-aminothiophenol (1.25 g) as described l3 to  afford 
yellow needles, 1ii.p. 117-118 "C (Iit.,l3 115-116 "C) 
(0.98 g, 410/,); A,,,,. 277, 323sh, and 374 nm (log E 4.11, 
3.82, and 3.94); 6 3.71 (2 H, s, CH,), 6.8-7.7 (16 H, ni, 
ArH), and 14.74 (1 H, s, OH). The material insoluble in 
SO./;, ethanol was crystallised from xylene to give the divncr 
as yellow needles, m.p. >300 "C (0.28 g, 12%) (Found: C, 
70.3; H, 4.1; N, 6.05; S, 13.3. C,,H,N,O,S, requires 
C, 70.3; H, 3.8; N, 5.9; S, 13.4%); A,,,. (CHC1,) 252~11, 
268, 2!)0sh, 347, ancl 392 nin (log E 4.20, 4.32, 3.98, 3.99, and 

2,2'-Bi- [ (3-o-Jiydroxyp~~enyZ) -2H- 1 ,4-benzothiazine]. 
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4.05); inle 480 ( M F ,  <Q.3?LIj 476 (<0 .3%) ,  241 (63), 
240 (loo), 224 (S), 223 (8), 211 (13), 208 (22), and 170 (5.5). 

(5; R = OMe).--(a) 3-(~-Methoxyphenyl)-2H-l,4-benzo- 
thiazine (0.37 g) and chloranil (0.714 g) were heated in 
dioxan (20 nil) at 60 "C for 4 h. After removal of solvent 
the residue, in chloroform, was shaken successively with 
aqueous sodium hydrogensulphite, 2M-sodium hydroxide, 
ancl water, dried, and evaporated. Chromatography in 
chloroform on a dry column of silica gel gave (i) 3-(p- 
uzethoxypIieny1)- 1,4-benzothiazin-2-one (9) as yellow needles, 
m p. 127-129 "C (from methanol) (52 nig, 13%,) (Found: 

H,,NO,S requires C, 66.9; €3, 4.1; N, 6 . 2 ;  S, 11.97"; AT, 
269.051 0) ;  A,,;,,, 234 and 366 nm (log E 4.16 and 3.66); 
A,,,,. 1 633 c1n-l; 6 3.87 (3 H, s, OMe), 6.97 (2  H, d, J 8 H z ,  
H-3' and H-5'), 7.44 (3 H,  m, ArH), 7.93 (1 H, in, ArH), 
and 8.25 (2 H, d, J 8 Hz ,  H-2' and H-6'); nz/e 269 ( M I ,  
9()6)) 241.056 3 (C,,H,,NOS requires 241.056 l ) ,  226 (25), 
arid 198 (20); and (ii) the dinzer ( 5 ;  R = Qhle) ,  red  needle^, 
n1.p 218-220 "C (0.29 g, 78O/,) (Found: C, 71.2; H, 4.4; 
N, 5.4; S,  13.0. C,,H,,N20,S, requires C, 71.1; H, 4.3; 
X, 5.5; S, 12.7%); A,nax. 217, 266, 31Osh, 368, and 464 nni  
(log E 4.27, 4.23, 3.89, 3.82, and 3.39); A,,,. (EtOH-HC1) 
217, 266, 335, 424, and 584 nm (log E 4.24, 4.15, 3.81, 3.79, 
and 3.27); 6 3.89 (6 H, s, OCH3), 7.15 (12 H, m, ArH), and 
7.88 (4 €3 ,  in, ArH); m/e 506 (A4+, 100%), 473 ( 5 ) ,  399 (3), 
372 (14),  265 (61, 253 (S), 240 ( 5 ) ,  222 ( 5 ) ,  and 151 (100). 
T.1.c. showed a red and a yellow spot. 

(6) 2,2'-Bi-( 3-p-met hoxyphenyl) -2H- 1,4-benzothiazine 
(136 nig) and DUQ (61 mg) were heated in refluxing dioxan 
for 30 min. IVork-up as in (a )  gave identical red needles, 
n1.p. 218-220 "C (120 mg, 8804). 

A2~2'-~~i-[3-(p-nitrophenyl)-2H-1,4-benzot~ziuzine~ (6 ; 13 -= 
NO,) .--R-(p-Xitrophenyl)-2H- l,.l-benzothiazine (0.27 g) was 
oxiciised with chloranil as above. The dimer crystallised 
from benzene as red needles, m.p. 248-250 "C (0.2 g, 
78%,)  (Founcl: C ,  62.7; II, 3.0; Y, 10.2; S, 11.6. Czs-- 
€~16K404S2  requires C, 62.7; H, 3.0;  N, 10.5; S, 11.976); 
A,,,,,. 216, 269, 308511, 362, and 600 nni (log E 4.36, 4.22, 
4.05, 3.91, and 3.37); 6 7.35 (12 H, m, ArH), and 7.94 (4 13, 
in, h r H ) ;  m/e 536 (AT+, 100yo), 370 (18), 341 (5), 268 (IS), 
223 ( 1 O ) ,  and 222 ( 10). 

R - ( ~ ~ - ~ l e t h o x y p ~ ~ e n y l ) - 1 , 4 - b e n z o t ~ ~ i a z i n - ~ - ~ ~ z e  (9). --3-(p- 
~Ict~ioxy1>lieny1)-2~-1,4-benzothiazi~i~ (0.29 g) was added 
to chrornic anhydride (76 mg) in pyridine (5 ml). After 
stirring for 4 h a t  55 "C the mixture was poured into water 
giving n precipitate which was chromatographed in 
chloroform on a dry column of silica to give (i) 3-(p-methoxy- 
phcnyl)-1,4-benzothiazin-2-one, yellow needles, m.p. 127-- 
129" (35 ink ,  12(;&), identical with tlmt descrilxxl above; 
(ii) 2 - ( ~ - t ~ ~ e t l ~ o s y p h e n ~ l ) b e i i z o t ~ i ~ a ~ o l ~ ,  needles, 1n.p. 1 10- 
1 13 "C (from methanol) (lit.,26 1 16 "C) (85 mg, 280iO) (Found : 
C, 69.6; TI, 4.6; N, 5.9; S, 13.2. Calc. for C1,H,,NOS: 
C, (iH.7; 13, 4.6; N, 5.8; S,  13.3(;(')); 6 3.84 ( 3  H. s ,  Ohle),  
6.96 ( 2  t l ,  J 9 Hz ,  H-3' and H-5'), 7.2  -7.9 (4 H ,  i i i ,  ArH), 
and 8.00 (2  H, cl, J 9 Hz, H-2' and H-6'j; w / c  241 (ill + ,  

2-( p- ,1~e thoxv~h~n~~l)benzot / z iazoZe . - -h  so111 tion of  3- ( p -  
rnc.tlio?~yplicn511) - 1,4-betizotliiazin-2-o1ie (30  nig) in riirtl rnnol 
( 1 0  nil) w a s  rrfluxetl for 3 0  niin and evaporatetl to  dryncss. 
'The residue crystallised from methanol as nceclles, m,p.  
110--113 "C (35 mg, Y5yo), identical with those obtained 
zbove. 

2-( p-Dimetla?~la~.1-zinobenz~vliderte) -3-(p-metho ryPlzenyl) -2H- 

A2y2'-Bi- [( 3-p-methoxyphenyl) -2H- lf4-hemotlziazi ne] . 

C, 67.1; H, 4.4; N, 4.9; S, 11.6%; M', 269.051 1. Cis- 

lOO~)&), 226 ( 3 2 ) ,  198 (28), 135 (5), and 108 (5). 

1,4-benzothiazine.-A solution of 3-(+-methoxyphenyl)- 
2 H -  1,4-benzothiaziniuni perchlorate (200 mg) and @- 
diinethylaniinobenzaldehyde (83 mg) in acetic acid was 
heated to boiling for 2 min. On cooling the inteitsely blue 
solution, ether (10 nil) was added to give a precipitate of the 
required perchlorate ( 1 1) which crystaliised from ethanol as 
sinall blue needles, 1n.p. 129-134 "C (190 mg, 707;); 
A,,,,. (CHCL,) 262, 293sh, 359, 427, and 580 nm (log E 4.32, 
4.06, 4.44, 4.28, and 4.47). The salt (100 me;) in chloroform 
(20 ml) was stirred vigorously with 2~-sodiuni hydrogeii- 
carbonate (20 nil) until the blue organic phase turned 
orange (ca. 30 niin). Work-up gave the dimethylamino- 
benzylidem derivative as orange needles, 1n.p. 140-142 "C 
(from methanol) (75 mg, 97%) (Found: C, 74.5; H,  5.9; 
N, 7.5; S, 8.5. C,,H,,N,OS requires C, 74.6; H, 5.7; X, 
7 . 3 ;  S, 8.3%)); A,,,, (CHC1,) 264, 344, and 425 nni (log E 

4.25, 4.32, ancl 3.94); 6 3.00 (6 H, s, NMe,), 3.85 (3 H, s, 
OXfe), 6.71 (2  H, d ,  J 9 Hz, ArH), 6.9--7.5 (9 H, iii, ArH + 
-CH=), and 7.81 (2 H, (1, J 9 Hz, ArH); m/e 386 ( M I ,  
loo%), 371 (1.5), 355 (1.5), and 253 (<0.3).  

2- (p-Dimeth~launinoci~~na~~vl idene)  -3-(p-methox~phen?~Z) - 
2H- 1,4-benzothiazine.-The above reaction was repeated 
with p-di~nethylaminocinna~i~ldeliyde (98 mg) giving an 
intensely green solution. The required perchlorate ( 12) 
crystallised frorn ethanol as small blue-green needles, m.p. 

388, 464, ancl 646 nm (log E 4.34, 4.36, 4.22, 4.37, 4.10, and 
4.55). The free base, orange needles, liad m.p. 150-151.5 
"C (from methanol) (83 mg, 84%) (Found: C, 75.4; H, 
5.8; N, 6.8; S, 7.9. Cz,H,4N,0S requires C, 75.5; H, 
5.8; N, 6.8; S, 7.894); A,,,,. (CHC1,) 256~11, 273, 374, and 
455 nm (log E 4.29, 4.31, 4.35, and 4.25); S 2.97 (6 H, s, 
NMe,), 3.86 ( 3  H, s, OMe), 6.44-7.60 (13 H ,  m, ArH + 
=CH-CH=CH), and 7.75 (2 H, d ,  J 9 Hz, ArH); m/e 412 
(Mt, loo%), 397 ( 5 ) ,  206 (5), and 134 (4). 

l-Bronao-2-plaenyEgl~~oxal 1 -(p-Metho,2rypl~er~?~l)l~~~d~azone 
(12; R1 = €3, R2 = OMe).-Phenacyl phenyl sulphide 27 

(23 g) was heated with dimethyl sulphate (12.5 g) a t  100 "C 
for 30 niin giving a gelatinous product t o  which potassium 
bromide (12 g) in water (30 ml) was added to precipitate 
the methyl phenacyl phenyl sulphoniuni bromide which was 
collected, washed, and dried. To a solution of the sulphon- 
iuni bromide (15 g) and sodium acetate (37 g) in 50% 
aqueous methanol (230 ml), a freshly prepared equivalent 
quantity of aqueous p-methoxybenzene diazoniuni sulphate 
was added. The hydmzone precipitated immediately, and 
was crystallised from ethanol as yellow needles, m.p. 
136---138 "C (lit.,21 141 "C) (11.7 g, 76%) (Found: C, 53.9; 
H, 4.0; Rr, 23.7; N, 8.5. Calc. for C,,H,,BrN,O,: C, 
54.2; H, 3.9; Br, 24.0; N, 8.4%); 6 3.76 (3 H, s,  ONle), 
6.9% (4 H, dd, J 9 Hz, ArH), 7.45 ( 3  H, m, ArH), 7.96 (2 H, 
d t 2 ,  J 9 and 2 Hz), ant1 8.62 ( 1  H, s, N H ) ;  w/e 334 (iW+, 

332 (hf', 18), 252 (21, 122 ( I O O ) ,  and 105 (100). 
1 -IZ~ouno-% (p-i~zztl iox?lkltrvil)~Z~fo,~al 1 -(p- Methoq~pherzyl) - 

!ijvlvazoize ( 1  2; It1 - l i 2  --= OMe) .---Thioplienol (16.5 g) 
was acldetl t o  sotliun~ metliosiclc (8.1 g )  in methanol (35 nil) 
;It 0 "C, follo\ved by n soltition of w-bromo-9-inethoxy- 
acetoplienone (34.4 g )  in nictlianol (50 nil). The precipi- 
tated sulklr itle w a s  collectetl after 30 iriin and crystallised 
froin nit:tlmnol as neetlles, m.p. 79-81.5 "C (3.5 g, 907;) 
( l~oiind: C, 69,9; FI, 5.5; S,  12.5. C,,Hl,OzS requires C, 
6!4.8; H, 5.4; S, 12.4%); 8 3.87 ( 3  H, s, OMe), 4.24 (2 H, 
s, CHz), 6.94 (2 H, d ,  J 9 Hz, ArH), 7.16-7.52 (5 H, m, 
ArH), and 7.93 (2 H, d, J 9 Hz, ArH). The sulphide was 
converted into the p-methoxyphenacyl methyl phenyl 

150-156 "C (220 IIIF;, 73%); A,,,a,, (CHCl,) 253, 277, 312~11, 
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sulphonium bromide which was coupled with p-methoxy- 
benzenediazonium sulphate as above. The hydrazone 
crystallised from carbon tetrachloride-light petroleum 
( 1  : 2, v/v) as yellow needles, m.p. 119-121 "C (23%) 
(Found: C, 52.9; H, 4.1; Br, 21.9; N, 7.4. Cl,Hl,BrN,O, 
requires C, 52.9; H, 4.1; Br, 22.0; K, 7.7%); 6 3.79 and 
3.89 (each 3 H ,  s, OMe), 7.0 (6 H, m, ArH), 8.05 (2  H,  cl, J 
9 Hz, ArH) and 8.52 (1 H, s, NH);  m / e  364 ( A T ' ,  0.60/), 
362 (0.6), 282 (1.5), 135 (loo), 122 (4), and 107 (4). 

3-Phenyl-2-phenyZ/iyd~az~~zo-2H-1,4-benzot~~iazine ( I l a  ; 
I i l  = R2 = H).-To a solution of o-aminothiophenol (0.31 
g) in ethanol (10 ml) containing sodium ethoxide (0.17 g) 
was added l-bronio-2-phenylglyoxal l-phenylhydrazonc 2o 

(0.76 g) in ethanol (10 ml). The mixture was stirred for 
30 min and left overnight. Addition of water precipitated 
the  product which was crystallised from ethanol as yellow 
needles, m.p. 142-144 "C (0.69 g, 84%) (Found: C, 73.1; 
H, 4.5; N, 12.6; S, 9.7. C2,Hl,N,S requires C, 72.9; H, 
4.5; N, 12.7; S, 9.7%); A,,:,, (MeOH) 249, 282, 318, ant1 
426 nm (log E 4.22, 4.29, 4.26, 4.09) ; 6 6.8-7.7 ancl 7.8-8.1 
(total 15 H ,  m,  ArH + NH);  m / e  329 ( lOO~o),  237 ( 2 5 ) ,  
224 ( 5 ) ,  211 (79), 134 ( 5 ) ,  108 (25), and 105 (7). 

2-(p-ll.Iethoxy~henylhydrazono) -3-phenyl-2H- 1 ,4-benzotki- 
azine ( l l a ;  K1 = H, K2 = OMe).-The preceding pre- 
paration was repeated using l-bromo-2-phenylglyoxal 1- 
(p-methoxypheny1)hydrazone (0.83 g) . The product, which 
separated overnight, crystallised from ethanol as yellow 
needles, m.p. 138-140.5 "C (0.65 g, 72%) (Found: C, 70.2; 
H, 4.8; N, 11.8; S, 8.9. C,,H,,N,OSrequires C, 70.2; H, 
4.7; N, 11.7; S, 8.9%); A,,,,. 235, 280sh, 308, 335~11, and 
438 nm (log E 4.24, 4.16, 4.18, 4.06, ancl 4.02); 6 3.74 
(3  H, s, OMe), 6.87 ( 4  H, dtl, J 9 Hz,  ArH), 7.04--7.72 antl 
7.8-8.2 (total 10 H, m, ArH + NH);  m/e 359 ( M + ,  
100yo), 237 (4.5), 212 ( l l ) ,  and 122 (100); t.1.c. showed the 
presence of two tautomers; isosbestic point (EtOII ,  
CHCl,, Et,O, C,H,02, C,H,,) at A,,,,. 340 nm (log E 3.99). 

3-( p-Methoxyp/zenyl)-2-(p-~~itrophenylh~~drazono)-2H- 1,4- 
benzothiazine ( l l a ;  R1 = OMe, Ra = NO,).-To 3-(p- 
methoxypheny1)-2H-lJ4-benzothiazine (0.5 g) antl sodiuni 
acetate (1.6 g) in 25% aqueous methanol (30 ml) was added 
a freshly prepared equivalent quantity of aqueous p -  
nitrobenzenediazoniuni sulphatt.. The precipitate crystal- 
lised from methanol t o  give the hydvazone as  orange needles, 
m.p. 241-242 "C (0.49 g, 60%) (Found: C, 62.4; H, 4.0; 
N, 13.7; S, 8.2. C2,11,,N,0,S requires C, 62.4; H, 4.0; 
N,  13.9; S, 7.9:"); A,,,. (CHC1,) 257, 282, 353sh, and 417 
nm (log E 4.26, 4.21, 4.17, and 4.38); S([zH,]DMSO) 3.86 
(3 H ,  s, OMe), 7.03, 7.25, 7.92, and 8.12 (each 2 H, d, J 9 
Hz, ArH), and 7.2-7.6 (4 H, ni, ArH);  m / e  404 (Mt,  
1O0yo), 267 (75), 254 (50 ) ,  241 (67), 226 (22), 210 ( 5 ) ,  ancl 
198 (22). 

phenyZ)-2H-l,4-benzothiazine ( l la ;  R1 = OMe, R2 = C0,- 
Me) .-The above reaction was repeated using p-methoxy- 
carbonylbenzenediazonium sulphate. The product crystal- 
lised from methanol as  dark yellow needles, m.p. 144- 

S, 7.7%. C2,H,,N,0,S requires C, 66.2; H, 4.55; N, 10.1; 
S, 7.7%); A,,, 257, 285, 329, and 408 ntn (log E 4.22, 4.25, 
4.37, and 4.19); 6([2Hs]DMSO) 3.78 and 3.85 (each 3 H, s, 
OMe), 7.04, 7.22, 7.82, and 7.92 (each 2 H, [I, J 9 Hz, 
ArH),  7.2-7.7 (4 H, m, ArH), and 10.18 (1 H, s, ex- 
changes, N H ) ;  m / e  417 ( M f ,  loo*/,), 267 (%), 241 (35), 
226 (8), 198 (5), and 135 (16). 

2-(p-Nitrophenylhydrazono) -3-phenyl-2H- 1 4-benzothiazine 

2 - ( p - n / ~ e t l z o x ~ ~ c w r b o ~ z ~ ~ Z ~ ~ e n ~ l ~ i y d v a z o n o )  -3- (p-inethox3~- 

146 "C (0.27 g, 65%) (Found: C, 66.0; 13, 4.7; N, 9.9; 

( l l a ;  R1 = H, R2 = NO,).-o-Aminothiophenol (152 mg) 
was added t o  sodium ethoxide (83 mg) in ethanol (10 nil) 
followed by 3,6-dibenzoyl-1,4-diliydro-1,4-bis-(p-nitro- 
phenyl)-1,2,4,5-tetrazine (17;  K1 = NO,, R2 = H) (see 
below) (325 ing) in ethanol (60 nil), and the  mixture was 
stirred overnight. Dilution with water gave the hydrazone 
which crystallised from methanol as  orange needles, map. 
221-224 "C (105 mg, 23%) (Found: 64.2; H, 3.7; N, 
14.8; S,  8.7. C2,H,,N,0,S requires C, 64.2; H, 3.7; N, 
15.0; S ,  8.67:); A,,,. 225, 250, 282, 346sh, and 430 nm 
(log E 4.41, 4.31, 4.28, 4.03, and 4.38); 6([213,]DMSO) 
7.21ancl8.20(each2H,d,J9Hz,hrH), 7.3--8.0(10H, in, 

ArH + N H ) ;  m / e  374 (All+, 1007:), 237 (40), 224 (4), 
211 (7Y), and 108 (10). 

3,6-DibenzoyZ- 1,4-di/ydro- 1,4-bis-(p-nitrofilieizylj-l, 2,4,5- 
tetrnzine (17; R1 = NO,, Re - H).-To a solution of 
methyl phenacyl phenyl sulphonium bromide (7.5 g) ancl 
sodium acetate (18.5 g) in 500,: aqueous methanol (110 ml) 
a freshly prepared equivalent of aqueous fi-nitrobenzene- 
diazonium sulphate was added. The dark red precipitate 
thus obtained crystallised from diinethylforiiiamide t o  give 
tlie tefruzine as sniall red plates, m.p. 232-234 "C (0 .51  g, 
874) (Found: C, 62.6; H, 3.7; N, 16.95. Cz8111,N,0, 
requires C, 62.9; H, 3.5; N, 16.70/,); A,,,,. (CHC1,) 264 ant1 
393 nm (log E 4.39 and 4.28); v,,~,,. 1 6 7 0  cin-l; m / e  534 
(M', 18%) and 105 (100). 

1,4-Dihydro-3,6-bis-(p-methoxybenzoyZ)-l,4-bis-(p-nit~~- 
f~lzenyZ)-1,2,4,5-tetrazine (17;  IC1 = NO,, R2 = OMe).-The 
above preparation was repeated with fi-methoxyphenacyl 
methyl phenyl sulphonium bromide (2 g) t o  give the 
tetrazine as orange needles, m.p. 275-277 "C (20 mg, ly,) 
(Found: C, 60.8; H, 4.0; N,  14.0. C,,,H,,N,O, requires C, 
60.6; H, 3.7; N, 14.1%); A ,,,:, x. 254, 316, and 395 nni (log 
E 4.34, 4.55, and 4.43); v,,,,~~ 1 660 cm-l; nz/e 594 (M+,  
16%), I61 ( I G ) ,  and 136 (100). 

~kenyl)-l,2,4,5-tetrazzne (17; I<1 = R2 -- NO,).-p-Nitro- 
phenacyl phenyl sulphicle was prepared from o-brorno-p- 
nitroacetoplienone (36.6 g)  as above; yellow neeclles, n1.p. 

5.1; S,  11.7. C,,HllNO,S requires C, 61.5; H, 4.0; N ,  
5.1; S,  11.7%); 6 4.24 (2 H, S ,  CH,), 7.26 ( 5  H, in, RrH) ,  
8.01 and 8.22 (each 2 H, d, .[ 9 Hz, ArH);  m/e 273 (&f+, 
25%), 160 (9), 123 ( I O O ) ,  109 ( 3 4 ,  and 104 (5.5). The 
sulphide was converted into phenyl piiitropllenacyl 
sulphonium bromide, as above, and this was coupled with 
p-nitrobenzenetliazoniuni sulphate as before t o  give the  
tetrazine which crystallised from diniethylformaniicle as 
small red plates, m.p. >300 "C (15 mg, 0.5%) (1Tound: M + ,  
624.098 8. C,,FI,,N80,, requires h1, 624.098 8 ) ;  too in- 
soluble for 1i.v.; v,~,,~.  1 677 cni l ;  wz/e 624 ( M + ,  180;l), 
448 ( 5 5 ) ,  150 (loo), and 104 (35 ) .  

4-Metl~yl-3-phenyl-2-phen~ylnzo-4H-l,4-hen~ot~1iazine (19 ; 
R = H )  .-o-N-methylaminotliiopl~enol ( 140 nig) was addetl 
to sodiuni ethoxide (68 mg) in ethanol ( 5  ml), followed by 
l-bromo-2-phenylglyoxal l-pheiiylhpdrazone (300 mg) in 
ethanol (10 ml). After stirring for 30 min the mixture was 
left overnight. The precipitate which deposited crystal- 
lised from ethanol t o  give the azo-compoutzd as golden brown 
needles, m.p. 160.5-162 "C (310 mg, 90%) (Found: C, 
73.4; H, 5.0; N, 12.0; S, 9.2. C41H17N3S requires C, 73.6; 
H ,  5.0; N, 12.2; S, 9.3:(,); A,,,,,. 232, 276~11, 315, and 505 
nni (log E 4.21, 4.11, 4.24, and 4.17); S 3.13 ( 3  H, s ,  NNle), 
and 6.8-7.6 (14 H, m, ArH) ;  in/e 343 (AT+, l O O ~ , ) ,  238 
(loo), 236 (18), 226 (B), antl 223 (25). 

1,4-T>iIzydro-3, G-bis-(p-nitrobenzoyZj-l,4-bis-(p-nitro- 

99-101.5 "C (37.3 g ,  91%)) (E'OLIII~: C, 61.4; H, 4.3; N, 
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2-(p-MethoxyphenyZazo)-4-methyl-3-phenyZ-4H-l,4- 

benzothinzine (19; I< = OMe).-The above preparation was 
repeated using l-bromo-2-phenylglyoxal l-(p-metlioxy- 
pheny1)hydrazone (332 nig) . The nzo-compound crystal- 
Iised from ethanol as red-golden needles, n1.p. 152-153 "C 
(350 mg, 940/,) (Found: C, 70.6; H, 5.1; N, 11.3; S, 8.6. 
C,2H,,N,0S requires C, 70.8; H, 5.1; K, 11.3; S, 8.6%); 
Amax. 233, 273, 333, and 506 nin (log E 4.29, 4.14, 4.28, and 
4.25); 6 3.12 (3  H, s, NMe), 3.79 ( 3  H, s, ONIe), and 6.7-7.7 
(13 H, m, ArH); m/e 373 ( iW1,  I O O ~ ) ) ,  238 (loo), 236 (18), 
226 (B), and 223 (28). 

o-h'i tr opheny 1 Phenacy 1 Sulpho Ize .-PI i enac yl broin idc 
(4.0 g) in methanol (10 nil) was added to a solution of 
sodium methoxide (0.86 g) and o-nitrothioplienol (2.6 g) 
in methanol (20 nil). The sulphide separated irnnietliately 
and was crystallised from 80% acetic acid as ycllow plates, 
n1.p. 145-147 "C (1it.,lo 146-147 "C) (3.2 g, 73%); v,y) 

(Nujol) 1675 en-'; 8([,H6]I)MSO) 4.94 (2 H, s, CH,); 
wz/e 273 ( M + ,  0.60/,) and 105 (100). The sulphicle (0.5 g )  
was suspended in acetic acid (5 nil) and acetic anhyclriclc 
(1.5 inl) a t  80 "C, and hydrogen peroxide (1.25 ml, 300/,) was 
added, dropwise, maintaining the temperature a t  70-80 "C. 
The solution was then heated on a steam-bath for 15 min, 
allowed to cool, axid poured into water. The sulphone thus 
obtained was crystallised froin 800/, ethanol as needles, 
m.p. 136-137 "C (1it.,lo 136.5-137.5") (0.47 g, 77%); 
8 5.26 (2 H, s, CH,); nz/e 259.042 8 (Mf - NO, requires 
259.042 9, 0.4%), and 105 (100). 

o-Nitrophenyl p-Methoxyphenacyl Su1phone.-The above 
sulphide preparation was repeated using a-bromo-p- 
niethoxyacetophenone (2.29 g). The sulphide precipitated 
and was crystallised from 800/: acetic acid as yellow needles, 
m.p. 107-109 "C (2.0 g, 82%) (Found: C, 59.2; H, 4.3; 
N,  4.5; S ,  10.5. C,,H,,NO,S requires C, 59.4; H, 4.3; 
N,  4.6; S ,  10.60/,); S(1W6]DMSO) 3.84 ( 3  €1, s, OMe), 4.81 
(2 H, s, CH,), 7.05 and 8.02 (each 2 H, cl, J 9 Hz, ArH), 
and 7.9-8.2 (total 4 H, ni, ArH); m/e 303 ( M t J  0.1%), 
135 (loo), 121 (a), and 107 (3) .  The sulphide ( 0 . 5  g) was 
oxidised with hydrogen peroxide (1.25 nil, 30%) as before 
to give the sulphone which crystallised from 80% ethanol 
as pale yellow needles, m.p. 138-140 "C (0 42 g, 740/,) 
(Found: C, 53.6; H, 3.8; N, 4.2; S, 9.3. C,,H,,NO,S 
requires C, 53.7; H, 3.9; N, 4.2; S ,  9.6%); S 3.86 (3  H,  s, 
OMe), 5.18 (2 H, s, CH,), 6.94 (2 H, d,  J 9 IIz, ArH), ant1 
7.6-8.3 (6 H ,  m, ArH); m/e 336 (kf ', I % ) ,  149 ( f i ) ,  135 
(loo), and 121 (18). 

p- Ni t Y oph enacy I o -Ni troph eny 1 Sulbli o ne . -p -N i t rophcn- 
acyl o-nitrophenyl sulpliide was prepared as above 
froni w-bronio-p-nitroacetophenone (2.4 g). It crystallisetl 
from 800/;, acetic acid as yellow needles, m,p. I59-IG2 "C 
(2.2 g, 849/0) (Found: C, 52.6; 13, 2.8; N ,  8.6;  S, 10.2. 
C,,II,,N,O,S requires C, 52.8; €I, 3.1; N, 8 8 ;  S, lO.l(%)); 
v,,,,. 1684 cm l ;  8([2€16]DMSO) 5.00 (2 H, s, CH,) and 7.3- 
8 6 (8 11, ni, ArH); m/e 318 ( M ' ,  3 % ) ,  253 (X), 224 (67), 
168 ( l l ) ,  150 ( l O O ) ,  138 (100), 134 ( O ) ,  122 ( 1 Y ) ,  121 (14), 
120 (14), 108 (13), and 104 (100). The sulphicle (0.5 g )  
was osiclised with hydrogen peroxide a% above to give tile 
sulphone as pale yellow needles, ni.p. 168 --I 70" (from SO(;A 
ethanol) (0.4 g, 71%) (Found: C, 48.2; H, 2.7; N, 7.7; 
S, 8.9. Cl,Hl0N,O,S requires C, 48.0;  1-1, 2 .9;  N, 8 . 0 :  S,  
9.1%); S(C2H6]DMSO) 5.67 (2 H, s, CIE,), arid 7.8 - 8.4 
(8 €-I, ni, ,4rH); nz/e 360 ( M ' ,  O. l?{ ) ) ,  186 (4.6), lG4 (LO), 
150 (100), 136 ( 3 5 ) ,  120 ( J I ) ,  and 104 (05). 
3-Phenyl-4H-l,4-hz~~zotliiaaine 1, I -Dioxide (23) .--0-N itro- 

phrnyl phenacyl sulphone (0 5 g) in methanol ( l o  nil) was 

reduced 28 by addition to a stirred suspension of palladium- 
charcoal (90 iiig, 10%) in phospliinic acid (0.9 ml) and 
methanol (15 nil). The mixture was refluxed for 24- h 
and the benzothinzine dioxide was collected on cooling, and 
crystallised from ethanol as needles, m.p. 27 1-274 "C 
(lit.,22h 27G") (0.36 g, 880/,) (Found: C, 65.2; H, 4.2; N, 
5.4; S, 12.5. C,,H,,NO,S requires C, 65.3; H, 4.2; N, 

7.9 (9 H, m, ArH), ancl 10.75 (1 H, s, N H ) ;  vn/e 257 ( M ' ,  

3-(p-M ethoxyphenyl) -4H- 1,4-benzothinzine 1,l-Dioxide.- 
The above preparation was repeated using 9-methoxy- 
plicnacyl o-nitrophenyl sulphone (0.5 g) .  The benzothi- 
Lt5ne dioxide crystallised froiii methanol as needles, m.p. 
256-- 260 "C (0.26 g, SOYo) (Found: C, 62.4; H, 4.7; N, 
4.75; S, 11.2. C,,H,,NO,S requires C, 62.7; H, 4.5; 
N, 4.9; S, 11.157;); G([2H6]DMSO) 3.82 (3 H, s, OMe), 
6.28 (1 13, s, -CH=), 7.10 and 7.64 (each 2 H, (1, J 9 Hz, 
ArH), 7.2-7.9 (4 H, in, ArH), ancl 10.65 ( 1  H, s, NH);  
m/e 287 ( M i ,  100%), 223 (lOO), 208 ( l O O ) ,  193 ( G ) ,  180 (28), 
152 (8), and 135 (6).  

2 - ( p - A ; i t r o ~ l i e ~ ~ ~ ~ 1 a . o ) - ~ - ~ l ~ e n ~ ~ l - ~ H - l , 4 - b e ~ z z o t ~ ~ i a ~ ~ n e  1,l- 
Dioxide (23 ; I< = NO,) .-To 3-phenyl-4H-1,4-benzothi- 
azine 1, l-dioxide (50 m g )  2nd sodium acetate (160 mg) in 
60% aqueous nietlianol ( 2 0  m1) was added a freshly prepared 
equivalent quantity of aqueous p-nitrobenzenediazonium 
sulphate. After 3 l i  the azo-compound was collected and 
crystallised from ethanol as red needles, m.p. 269-272 "C 
(52 mg, 64%)) (Found: C, 67.5; H, 4.0; N, 14.3; S, 7.6%; 
M i ,  406.073 2. C,,H,,N,O,S requires C, 59.1; H, 3.45; 
N ,  13.8; S, 7.90/,; M I  406.073 4. Satisfactory analyses 
could not be obtained) ; A,,,. 233, 274~11, 308~11, and 412 nni 
(log E 4.36, 4.14, 3.99, and 4.43) ; v , , , ~ ~ .  3 500, 1 520, 1 334, 
and 1 150 cn-l;  m/e 406 (M', 45%), 244 ( Q ) ,  228 (7), 211 
(28),  205 (8), 195 (In),  179 (loo), and 106 ( 6 3 ) ;  too insoluble 
for n.m.r. 

2- (p-i~~etlio,~v:?/cavbonylphenylazo) -3-phenyl-4H- l14-benzo- 
thiazine 1,l-Dioxide (23; R = CO,Me).-The above 
preparation was repeated using p-niet1ioxycarbonylbe11zene- 
diazoniuiii sulpliate. The azo-compound crystallised froni 
ctlianol as red microneedles, n1.p. 226-229 "C (55 nig, 

H,,N,O,S requires C, 63.0; H, 4.05; N, 10.0; S, 7.6%), 
h,,,,,. 228, 2Cj6shJ 301sh, and 397 nm (log E 4.32, 4.19, 4.02, 
and 4.43); vmax. 3 300, 1 684, 1283, and 1 151 cm-l; 6 3.88 
(3 13, s, OMe), 7.0-8.1 (14 H, in, ArH and NH) ; m/e 419 (Af+, 
63y{ ) )J  244 (28), 205 (18), 195 (22), 179 (loo), and 105 (100). 

tl/ircxine-5,1O-quinones.-(a) (25; I< = H). 2-Amino-3- 
cl~loro-I ,4-naphthoquinone ( I  g )  in aqueous sodium hydro- 
gcn sulpliicle (%%, 3 g)  and methanol (25 inl) were lieatccl 
u r i c l t ~ r  refliis for 20 niin. The solution became intense 
blue. After cooling, a solution of o-broiiioacetophenone 
(1.5 g) in uietlianol (15 nil) wits added, a dark red precipitate 
foriiiing iiiinwdiately. T t crystallised from methanol to 
give. tlic ?in~/it l fothi~zinequinone as purple needles, 111.p. 
~';.300 "C (1.45 g, 94%)) (€;o~ilid: C, G6.6; H, 4.0; N, 4.1; 
S, 9.7. C,,H,,NO,S requires C, 66.85; H, 4.0; N, 4.35; 
S, !j.9yo) ; hn,,l,. (CHCI,) 287, RCiOsli, ancl 500 nni (log E 4.33, 
3.19, arid 3.32); vIllaq, 3 470, 3 330, 1 645, ancl 1 630 cni-l; 
8 2.93 (2  H, dd, J 12 H z ,  CH,), 3.42 (1 H, s, exchangeable, 
OTI or N I ) ,  6.69br ( 1  H, s, excliangeable, OH or N H ) ,  and 
7.3 -8.1 (9 H ,  ni,  hrFI) (tlitl CH,signrtl was ;t singlet (6 2.98) 
in [2H,]I)MSO); m / e  323 ( i l Z 1 ,  (j";), 305 (W),  273 (4), 
218 (5Ci), and 105 (100). 

5.4; S, 12.5%); iS(['H,JT)MSO) 6.25 (1 H ,  S, -CH=), 7.1- 

MYo), 193 (loo), 155 (6) and 105 (7) .  

GG%,) (Foulid: C, 62.7; H, 4.3; N, 10.3; S, 7.5. C2z- 

3,4-~ihydvo-3-~iyd~o,~y-3-ar~~l-2H-~znpJi t~zo[2,3-b]-  1,4- 
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( h )  ( 2 5 ;  I< - OMe) obtained similarIy, p v c  purple 

needles, m.p. >300 "C (1.61 g, 95%) (1;onntl: C, 64.5; H, 
4.5; N, 4.1; S ,  9.0. C1,Hl,hT04S rcquircs C, 64.6; €1, 
4.25; N, 4.0; S, 9.1%); A,,,,,. (CHCI,) 285, 358~11, and ,500 
nni (log E 4.46, 3.31, arid 3.44); vmnu. 3 440, 3 305, I 670, 
and 1 633 cm-l; 6 2.J)O (2 H ,  dcl, J 14 Hz, CHJ, 3 .38  ( 1  I € ,  
s, exchangeable, OH or N H ) ,  3.82 ( 3  H, s, OMe), 6.65 (1 11, 
s, exchangeable, OH or NH) ,  6.94 (2  €I, d,  J 9 H z ,  ArII), 
7.51 (2 H, d ,  J 9 Hz,  ArH), arid 7.6-8.1 (4 11, m, ArH) 
{the CH, signal is a singlet (6 2.95) in [~H,]I~MSO); U L / C  

353 (M',  2.5%), 335 (13 ) ,  303 (6), 218 (4), 205 (3) ,  200 ( 3 ) ,  
and 135 (100). 

(c) (25; 13 = NO,) obtaiiied siniilarly, gave purple 
needlas, m.p. >300 "C (1.72 g, 97y4) (1;ountl: C, 58.9; TI, 
3.1; N ,  7.3; S, 8 .8%)  ; A,,;,,. (CHC1,) 283, :303sli, and 492 
nm (log E 4.52, 3.31, and 3.34) ; w,,,,,,, 3 35Obr arid 1 66.5 
cm-'; 6([2H6]11MSO) 3.04 (2 H, dd, J 12 H L ,  Cll,) ,  6.97 
(1 €3, s, exchangeablc, OF1 or NH), 7.58 (1 H, s, exchange- 
able, OH or N H ) .  7.86 (4 M, m, ArII), aiirl 7.75 mid 8 . 2 2  
(each 2 H, cl, J 8 Hz, ArH) ; ln /e  368 (n/l +, 5 .5 ' ) ; , ) ,  350 ( I  8),  
318 (25), 304 ( 3 ) ,  388 (7) ,  272 (4), 218 (loo), 205 (II), 178 (9), 
160 (5.51, 150 (13),  and 104 (13). 

3,4- Di hydro - 3-19zet J~oxy - 3 -pfhen!l- 21 F- nab11 I / I  o [ 2,:) -111 - 1 ,4- 
tl~inzine-5,10-quinone.--?'hc quinone (28 ; li. = H) (100 nig) 
in methanol (25 nil) was stirred with 12M-liyclrocltloric acid 
( I  drop) at rooni tcniperaturc for 1 11. 'l'lic sol\wit WIS 

reniovecl and the resitluc, in chloroi'orm, WLS w;islic~l with 
aqueous sodium iiydroffencar~onate, ;tntl watvr, and C h c i i  

dried and evaporated. Crystallisa tion from mct1i;inol 
gave the nzetlioxyquinonc as purple nectlles, ni .p. 324-- 
226 "C ( 8 0  mg, 79");)) (Fonnd: C ,  67.3; I i ,  4.4; N, 3 .9 ;  
S, 9.6. C1,H,,NO,S requires C, 07.6; 1-1, 4.45; N ,  4.15; 
S, 9.5%); A,,,. (CHCI,) 290, 355~11, arid 520 m i  (log E 
4.39, 3.08, and 3.33): vrI,,,. (KRr) 3 340, 1 645, ant1 
1635 cm-l; 6 2.75 and 3.14 (cach 1 11, d, .J 12 132, CFT,), 
3.19 (3 H, s, OMe), 6.65 ( 1  H, s, excliangcs, N H ) ,  antl 7.4--- 
8.1 (9 H, m, ArH); m/e 337 ( A T k ,  137;), 305 (loo), 292 (4.5), 
277 (8) ,  273 (25), and 105 ( 1 3 ) .  

2-AryZbenzo[f]indole-4,O-q.uinol.lcs.-(a) (27 ; Zi = H). 
2,3-~~ihydro-3-hydroxy-3-phcnylriaplitlio[2,:3-~j- 1,4-tIii- 
azine-5,10-quinone (35 mg) was heated a t  280 "C and 0.05 
mmHg for 1 h. The benzoindolequinone sublimed as rctl 
needles, m.p. >300 "C (lit.,24 304-305 "C) (18 mg, 60%) 
(Found: C, 79.1 ; H, 4.1; N, 4.9. Calc. for Cl,HllNO,: 
C, 79.1; H, 4.0; N, 5.lyh); A,,,, (CHC1,) 293, 345~11, and 
440 nm (log e 4.58, 3.41, and 3.66); v,,,. 3 270, 1 655, and 
1630 cm-l; 8([2H,]DMSO) 7.19 ( 1  H, d,  J 2 Hz, collapscs 
to  s on addition of CD,OD, H-3) and 7.3-8.2 (10 H, in, 
ArH and N H ) ;  m/e 273 ( M + ,  loo?,), 245 (6),  226 (4.5), 
189 (6), and 114 (10). 

(b) (87; R = OMe), obtained similarly, sublimed as red 
needles, 1,i.p. > 300 "C (23 mg, 54%) ( I ~ o u n t l  : .A2 ' , 303.089 3. 
C1,H1,NO, requires M ,  303.089 5) ; hlllilX, (CHCI,) 28:lsli, :N7, 
349sh, and 462 nm (log E 4.20, 4.25, 3.38, and 3.68) ; S([W,]- 
DMSO) 3.89 (3 H, s, OMe), and 6.9--7.3 arid 7.7-8.2 
(total 11 H, ni, ArH antl N H ) ;  m/e 3 0 3  (;I1 I ,  IO00(,), 
288 (71), and 260 (16). 

(c) (27; R = NO,), obtained similarly by lieating with 
copper bronze a t  300 "C and 0.05 minHg for 1 11, sublimed 
as red needles, 1n.p. >300 "C (1.5 mg, 6(%) (2'ound: Jf k, 

318.064 4. C,,Hl,N,O4 requires A/, 318.064 0); ~ n / c  318 
(ill', l O O . / b ) ,  288 (32), 272 (32), 260 ( 5 . 5 ) ,  214 (8),  and 189 

2,2' - B i - ( 3  -pk e ~ y 2 -  4H -nap  Ji t / L O  [ 2,3 -b] - 1 ,4-1 / I  ia zi ne) - 5,5', - 
10, lO'-diquinone (28) .--3,4-L)iliydro-3-liydroxy-3-phcnyl- 

(10). 

2ff-1iaplillio~~,:~-6]-1,4-thiazi1ie-5,10-quinoiie (250 mg) in 
acciic acid (15 ml) was heated under reflux for 10 min. 
' l l v  dii izev crystallised on cooling and formed green needles, 
1ii.p. 285-286 "C (from acetic acid) (220 mg, 94%) (Found: 
C, 71.1; H, 3.4; hT, 4.5; S, 10.7. C,,H,,N204S, requires 
C, 71.3; H, 3 . 3 ;  N, 4.6; S ,  10.5%); A,,,,. (CHCI,) 257, 
298, 372, and 570 nm (log E 4.55, 4.53, 4.26, and 3.04); 

( ArH) ; ni/c 576.114 2 (C,,,H,,N,04S requires 576.114 4 ;  
Al' - S, 9%), 562.098 5 (C,,H,,N,O,S requires 562.098 7; 
5), 544.142 1 (C36H20N2O4 requires 544.142 3; loo), 467 
(25), 305 (22),  373 (8), and 105 (100). 

A3F-B i-( :2-plien)lZ-2H-napht~~o[ 2,3-b] - 1,4-thiazine) -5,5', - 
10, IO'-riiquinone) (29).--Silver oxide (153 mg) was 
atldctl to a solution of the above quiiione (32) (200 mg) in 
dry tctraliyclrofuran (50 ml), ant1 the mixture was stirred 
for 2 11 at rooni temperature. The intensely violet solution 
\\'as filtered and evaporated, and tlie residue was chromato- 
gmphecl 011 a column o f  clry silica in chloroform to  give the 
AzJ'-dimer which crystallisecl from 2-ethoxyethanol as 
dark violet needles, m.p. 287-290 "C (150 ing, 75"/) 
(l?o~iiitl: C, 71.3; H, 3.0; N,  4.9; S, 10.65. C,,H,,N,O,S, 
requires C, 72.3; H, 3.0;  N,  4.6; S, 10.6%); Amax. (dioxan) 
275, 353~11, antl 562 nni (log E 4.53, 4.10, and 3.59); A,,,;tX. 
(~liosaii-l2i~-HC~l) 280, 353sh, and 518 rim (log E 4.55, 
4.25, and 3.66) ; wl,l~Lx. 1 670 and 1 640 cn1-l; 6 ArH signals 
only; wile 606 ( A 4 ' ,  IOOX), 574 (loo), 544.142 1 (71; 
C361-T,,N,0,, rcquires 544.142 2),  542.126 4 ( I  8 ;  C,,H1,N,O, 
requires 542.126 7), 467 (22), 429 (22) ,  121 ( 8 ) ,  105 (l3),  and 
104 ( 13). 

[2,3-1,]- I ,4-t/~inzine-5,10-quinone (35) .-3,4-Ililiydro-3- 
hydroxy-3-plienyl-2~~-naplitlio[2,3-b]-1,4-thiazine-5,lO- 
quinone ( 1 00 mg) was stirred with iodosobenzcne diacetate 
(I00 mg) in acetic acid for 1 k  h, a t  room temperature. 
Evaporation and chromatography on a column of dry 
silica in chloroform gave the new quinone which crystallised 
from methanol as lustrous red needles, m.p. 160-152 "C 
(55 mg, 45%) (Found: C, 64.8; H, 4.6; K, 3.1; S, 7.9; 
&I+, 409.098 6.  C,,H,,NO,S requires C, 64.55; H, 4.65; 
N, 3.4; S, 7.8%; M ,  409.098 4); A,,,. (CHC1,) 295, 353sh, 
and 494 nm (log E 4.31, 3.22, and 3.36); wmxx. 3 310, 1 735, 
and 1 662 cm-l; 6 1.15 (3 H, t ,  J 7 Hz, CH,CH,), 1.72 (3 H, 
s, O,CMe), 3.31 (2  H, q,  J 7 Hz, CH,CH,), 6.16 (1 H, s,) 
,CH-), 6.68br (1 H, s, exchangeable, NH), and 7.3-8.2 
(9 H, m, ArH); ln/e 409 ( M + ,  ll),  364.064 0 (C,,H14N0,S 
requires 364.064 3; 18), 322 ( 5 . 5 ) ,  304 (6), 293.050 7 
(C,,HllNO,S requires 293.051 0; loo), 164 (5 .5 ) ,  and 105 

2-Anilino-3-phenacylthio- 1,4-naphthoquinone (32) .--A sus- 
pension of 2-anilino-3-chloro- 1,4-naphthoquinone (0.5 g) 
in aqueous sodium hydrogen sulphide (25yo, 0.8 g) and 
methanol (20 mi) was stirred for 30 niin at room temperature 
until an  intense blue solution was obtained. I'henacyl 
bromide (0.59 g) in methanol (15 ml) was addccl, the mixture 
was stirred for 1 h, during which time i t  became red. The 
mixtnre was diluted with water, extracted with ether, and 
worked up by chromatography on dry silica in chloroform. 
The ~~ieizncz,Zt~Lioquinona crystallised from carbon tetra- 
chloride as red needles, m.p. 129-131 "C (0.2 g, ZS;:,) 
(1;ountl: C, 72.1; H, 4.3; N, 3.45; S, 8.0.  C,4H1,N0,S 
requires C, 72.2; H, 4.3; N, 3.5; S, 8 . 0 % ) ;  Amax. (CHCI,) 
253, 285, 351, and 506 nm (log E 4.24, 4.33, 3.55, and 3.48); 
vlnnX. 3 250, 1 682, and 1 665 cm-l; 6 4.06 (2 13, s, CH,), 
and 6.7-8.2 (15 H, m, ArH and NH);  inle 399 ( M k ,  

V,,,:,x. s :m, I 655, arid 1 633 ~111-1; G(CF,CO,D) 7.4-8.8 

T.1.c. sliowed the presence of two isomers. 
2-A c e t o x ~ ~ - 3 - e t h o ~ ~ ~ - ~ , 4 - d i f ~ ~ y ~ ~ r o - 3 - p l ~ e n y l - 2 H - n a p / t t l ~ o -  

\ 

(63). 
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8%,) ,  381 (40), 365 (22), 336 (18), 294 (loo), 281 (20), 260 
(25 ) ,  249 (40), 204 (45), 121 (S), and 105 (100). 

oxat/~iin-5,10-quinoule (33) .--2-Anilino-S-phenacylthio-1,4- 
riaphthoquinonc (100 mg) in methanol (10 ml) was heated 
under reflux with 12M-hydrochloric acid ( 1  drop) for 6 h, 
taken to dryness, and the  residue chromatographed on 
dry silica in chloroform. The new quinone crystallised 
from methanol as yellow needles, 1n.p. 215-217 ‘C (45 mg, 
53%) (Found: C, 67.3;  H, 4.0; S ,  9.6%. Cl,Hl,SO, 
requires C, 67.5;  11, 4.1; S, 9.50b); A,t,. (CHCI,) 275, 
850sh, and 446 nni (log E 4.31, 3.30, and 3.32); vmar. 1 658 
c1n-l; 6 3.14 (2 H, dd, .J 13 H z ,  CH,), 3.18 ( 3  H, s ,  OMe), 
a n d  7.2-8 2 (9 11, m, ArI-I); nz/e 338 (A1 I ,  757/ , ) ,  306 (20),  
290 (18), 278 (8), 206 (45), 175 (20), 133 ( I O O ) ,  131 (8) .  and 
104 (84). 

2,3-~i/~ydro-2-nzetlaoxy-2-phenylna~I~tho[2,3-b] - 1,4- 

We thank the S.K.C. for a CASE award (to N .  E. M.).  
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