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Abstract -The condensation of cyanuric chloride with o-hydroxybenzanilides takes place on the 
amide nitrogen. Treatment of the condensation products with acetic anhydride and pyridir,: opens 
the triazine ring and yields bentoxazine derivatives, whose structures are discussed. 

DYI..S containing the 1,3.5-triazine nucleus, prepared by suitable condensations with 
cyanuric chloride, have been the subject of  numerous patentsY'- Fierz-David and 
Matte~ were the first to study the preparation of dyes of this type, and there is no 
reference in the literature to any later investigation of  the constitution of cyanurated 
dyes. The main function of the triazine ring was to act as a chromophoric insulator, 
enabling the combination of azo or other dye units to form more complex dyes, and 
for this purpose cyanuric chloride had .several advantages over phosgene. Very 
recently chromogens attached to cyanuric chloride, leaving one or two chlorine atoms 
free for direct chemical combination with cellulose, have been marketed as "reactive 
dyes" (Procions, I.C.I., Cibacrons, Ciba), constituting a landmark in the history of  
synthetic dyes. 

Some years ago one of  us prepared azoic coupling components by condensing 
I, 2 or 3 molecules o f t he  m- or p-aminoanilide (1; R or R t ~ NH2; R 1 or R = H) 
of  2-hydroxy-3-naphthoic acid with one molecule of cyanuric chloride, but the shades 
produced on cotton by coupling with diazonium salts were of no practical interest, 
although some of  the "naphthols" (e.g. II) had excellent affinity for the fibre. 4 

In connection with this work it was sub.~quently observed that 2-hydroxy-3- 
naphthanilide (Naphtol AS) itself condensed with cyanuric chloride in presence of 
ethanolic sodium hydroxide. The reaction takes place on the NH and not the OH 
group, and the product, colourless needles, m.p. 182 ~, has the structure 11I, as shown 
by its alkali solubility and ability to couple with diazonium salts. It can be dissolved 
in ! per cent sodium hydroxide solution at 0 ~' and recovered unchanged after a few 
minutes by aciditication. Salicylanilide similarly yielded IV. Although the products 
111 and IV are soluble in aqueous sodium hydroxide, they do not give a ferric colora- 
tion, unlike 2-hydroxy-3-naphthanilide and salicylanilide. The infra-red spectra of 
111 and IV show a hydroxyl band around 3350 cm ~, a carbonyl band around 1670 
cm ~, and strong absorption bands in the 1505, 1260 and 850 cm ~ regions which 

" ( ' o m m u n i c a h o n  No.  410 f rom the ,National Chemical  l . abora to ry  Poona,  India. 

t K. Venka ta raman .  The Chemistry o f  Synthetic l)yes Vol. I. p. 583 ; Vol. II .  pp. 864,891. Academic  Press, 
New York (19.52). 

= E. M. Smohn.  and 1.. Rapopor t ,  s-Tria:tnes and Deriratires. Interscience, New York (1959). 
i H. F lerz-Dav,d  and M. Matter .  J. Soc. Dyers Colourists 53° 424 (1937). 
4 R. V. Ta lavdckar ,  Ph.D.  Thesis .  Untv.  of  Bombay (19.51). 
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are characteristic of cyanuric chloride .2 2-Hydroxy-3naphthanilide and salicylanilide 
show no hydroxyl band; in the carbonyl region an absorption band at 1612 cm-l 
indicates strong chelation. Benzanilide did not react with cyanuric chloride; and 
in p-hydroxybenzanilide (conveniently prepared by refluxing p-hydroxybenzoic acid 
in toluene with phenyl phosphazoanilide)5 the phenolic hydroxyl reacted to form the 

alkali-insoluble product V. The azoic alkali-insoluble pigment obtained by coupling 
2-hydroxy-3-naphthanilide with diazotized aniline failed to react with cyanuric 
chloride, showing the need for a hydroxyl group capable of ready interaction with a 
base, the mechanism of which is discussed in the following paper. 

pi- Ph 

OH 

CO--v-- Ph 

Boiling acetic anhydride left III and IV unaffected, but in presence of a few drops 
of pyridine they led to crystalline compounds which were free from chlorine and were 
obviously not the simple 0-acetyl derivatives. Two products were obtained in each 
case: one on cooling the acetic anhydride solution and the other on dilution of the 
mother-liquor. The products A, m.p. 288”, and B, m.p. 304”, from III analysed 
respectively for C,,H,,N,O, and C,,H,NO,. Similarly IV gave compounds C, 
m.p. 243”, and D, m.p. 242”, analysing respectively for C,,H,,N20, and &H,NO,. 
The formulae of A and C corresponded to structures VI and VII, but the infra-red 

5 H. W. Grimmel, A. Guenther and J. F. Morgan, J. Amer. Chem. SC. 68, 539 (1946). 
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spectra did not show the characteristic -C =N stretching vibration in the 2220 cm-l 
region. The condensation of acetylsalicyl chloride with phenylcyanamide in pyridine 
solution gave a product with the authentic structure VII, m.p. 141”; the infra-red 
spectrum had a band at 2230 cm-l corresponding to the -C rN stretching vibration. 
Compound C therefore did not have the structure VII. 

as:-$,_,, a:-~_ph . 
CN CN 

m m 

When compound A was heated with 10 per cent sodium hydroxide solution, 
2-hydroxy-3-naphthanilide was recovered, and A was converted to B by heating with 
10 per cent hydrochloric acid or dissolving in cone sulphuric acid and pouring into 
water. Compound C behaved similarly, yielding salicylanilide by alkaline hydrolysis 
and compound D by treatment with sulphuric acid. Both B and D were insoluble in 
sodium hydroxide solution. The infra-red spectrum of B showed bands at 1764 cm-l 
(lactone) and 1686 cm-l (carbonyl absorption of tertiary amide). Compound D 
exhibited similar absorption bands at 1756 cm-l and 1680 cm-l. Neither B nor D 
showed a band due to a phenolic hydroxyl group in the 3350 cm-l region. Structures 
VIII and IX were therefore assigned to B and D, and confirmed by an alternative 
synthesis using a known procedure.6 3,4-Dihydro-1,3,2-benzoxazine-2,4-dione 
(IX; phenyl replaced by hydrogen) was prepared by Einhorn and Mettle? by the 
condensation of salicylamide with ethyl chloroformate; IX was prepared earlier by 
Bogisch’ by the same method, which we have now used for the synthesis of VIII. A 
homologue of IX has been described by Deck and Dainss, who obtained it by heating 
phenyl salicylate with S-methyl-N,N-di-o-tolylisothiourea, followed by acid hydrolysis. 

From the molecular formulae and the ease of hydrolysis to VIII and IX it was 
then deduced that A and C were constituted as X and XI. The infra-red spectrum of 

A showed bands at 1721 and 1241 cm-l (acetate), 1691 cm-l (carbonyl of tertiary 
amide), 1656 cm-l (broad band indicating C=N-); C showed similar .infra-red 
bands at 1722 and 1220, 1708, 1657 cm-l. The ultra-violet absorption spectra 
(in ethanol) of C showed maxima at 238 rnp (log F 4.15) and 293 rnp (log E 3.6); 
and D at 238 rnp (log E 4.21) and 288 rnp (log e 3.54). 

The formation of compounds X and XI during the acetylation of III and IV 

A A. Einhorn and C. Mettler, Ber. Dtsch. Chem. Ges. 35, 3647 (1902). 
’ Bogisch, Dissertation, Restock (1889). Cited in B&rein 27,263. / 
*.I. F. Deck and F. B. Dains, J. Amer. Chem. Sot. 55,4986 (1933). 
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q? qfz 
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provides an unusual example of the fission of the 1,3,5triazine ring system,* apart 
from the parent compound which is very sensitive to hydrolysis. 

The two chlorine atoms in III were readily replaceable by dimethylamino groups, 
yielding XII which may be of some interest as an intermediate for basic dyes. Treat- 
ment of III with 1 per cent alcoholic sodium hydroxide at 50-W for 3 hours resulted 
in smooth hydrolysis to 2-hydroxy-3-naphthoic acid in 87 per cent yield, accom- 
panied by a small amount of III in which chlorine was replaced by hydroxyl. Alkaline 
hydrolysis of the N-acetylg and N-benzoyl derivatives led to the parent Naphtol AS 
(I; R and R1 = H), together with acetic or benzoic acid. The difference in the 

NMe, 

xu xlrr 

hydrolytic behaviour of the N-cyanuryl derivative on the one hand and the N-acetyl 
and N-benzoyl derivatives on the other is to be anticipated in view of the difference 
between cyanuric acid and carboxylic acids; in III therefore the carbonyl group is 

a: a” fi :; m 

h 
“,’ 

’ N Ph 

Cl 

XIY 

more readily attacked by hydroxyl ion than the triazine carbon attached to the amide 
nitrogen. 

The o-toluidide (Naphtol AS-GR; C.I. 37585) of 2-hydroxyanthracene-3- 
carboxylic acid condensed with cyanuric chloride, yielding XIII. Mild alkaline 

* One example in the literature is the degradation and rearrangement of 2,4,6-tri(acetonylthio)-s-triazine 
by the action of cone hydrochloric acid [A. Hantzsch, Ber. Dtsch. Chem. Ges. 61B, 1776 (1928)I. 

,zT,Ac ) 

Y 

*TIN”uMe 

SCH2Ac 

s E. B. Higgins, .I. Sot. Dyers Colourists 43, 213 (1927). 
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hydrolysis of Xiii  gave in about 70 per cent yield 2-hydroxyanthracene-3-carboxyiic 
acid, which is difficult to isolate when the arylamide is submitted to the usual drastic 
methods of hydrolysis with strong sodium hydroxide solution or cone sulphuric 
acid) 

The condensation of 2 moles of 2-hydroxy-3-naphthanilide with one of cyanuric 
chloride yielded XIV. Towards acetic anhydride and pyridine XIV behaved like the 
primary condensation product Ill and gave X. 

E X P E R I M E N T A l .  

('omtetuation product (I 1 ! ) of  2-hydroxy- 3 -naphthanilide with cyanuric chloride 

To a solution of cyanuric chloride (0-76 g) in acetone (10 ml) at 0-5 '  a solution of 2-hydroxy-3- 
naphthanilide (I-1 g) in acetone (20 ml) and 10% NaOH (1.7 ml) was added with stirring. After 
I hr ic¢-zold water (30 ml) was added and the mixture stirred for 15 min. The precipitate was 
filtered, washed, and dried in t~cuo at room temp. It crystallized from benzene (Norit) in coiourlesa 
needles, m.p. 182 (1.3 g). (Found: C, 58.6; II. 2-7; N. 14.0; Cl. 17.7. C~,H~CI~N,Os requires: 
C, 58-5; ii.  2-9; N, 13.7; CI. 17.3~). 

Under similar conditions bcnzamid¢ and ben,,.anilide were recovered unchanged. 

Hydzolysis o/! I ! 
A solution of ( I l l ;  I g) in 1 ?o NaOH (100 ml containing 15 ml ethanol) was heated at 50-55" for 

3 hr. The solution was filtered and saturated with carbon dioxide. The precipitate (0.2 g.) crystallized 
from alcohol in colourless plates, m.p. 208 210. (Found: N. ! 5.7. Ct.H~,N,O, requires: N, 15'0%). 
The filtrate was acidified and the precipitate (0.4 g) crystallized from dilute ethanol in yellow plates, 
m.p. 219 221 , alone or mixed with 2-hydroxy-3-naphthoic acid. 

Condensation product (IV) of .~alicylunilide with cyanuric chloride 

To a solution of cyanuric chloride (I g) in aoctone (5 ml) a solution of salicylanilide (I.I g) in 
acetone (5 ml) and 10"o NaOH (2-2 ml) was added and stirred at 0 5 for I hr. On the addition of 
toe-water a semi-solid mass separated and stuck to the sides of the flask. The aqueous solution 
was decanted off. and the residue dissolved in benzene (100 ml). The solution was dried over an- 
hydrous calcium chloride, filtered and concentrated, and hcxan¢ added till a slight turbidity developed. 
On cooling, the crystalline product (0-8 g) was re.crystallized from bent.one hexane. The colourlesa 
needles had m.p. 152. (Found: C, 53.5; ll,  2.9; CI, 19.0; N. 15.0. C~,H=0CI=N,Os requires: 
C, 53.2; H. 2-8; CI. 19-7; N. 15-5°o). 

Condensation product (V)from p-hydroxy'htn=anilide and cyanuric chloride 

The anilide (0-62 g) and cyanuric chloride ((>55 g) were dissolved in acetone (20 ml) and treated 
with 10~ o NaOH (1"2 ml) at 0 5" fi~r 2 hr. Worked up as above the product (0.96 g) crystallized 
from acetone in broken plates, m.p. 228 . (Found: C, 53-5; 1[, 2.8; N, 15.7. C~,H~,CIsN,O= 
requires: C, 53.2; H, 2.8; N, 15-5%). 

2- Acetimino- 3-phenyl-4-keto- 3.4-dihydro- 1,3,2-fl-naphthoxazine (X) 

A mixture of ( l i t ;  6g) acetic anhydride (60 ml) and a few drops of pyridine was refluxcd for 
3 hr and cooled. The brown crystalline product (A) was filtered, washed and dried (2.3 g). Dilution 
of the filtrate with water and cooling in a refrigerator gave B (0"2 g). Crystallization of A from 
toluene gave colourl¢~ needles, m.p. 288". (Found: C, 72.8; it, 4.3; N, 8.6. CsoHt,NIOs requires: 
C, 72.7; H, 4-2; N. 8.5%). Crystallization of B from toluene gave colourlesa needles, m.p. 304 ~ 
after shrinking at 268 ~. /Found: C, 74.4; H, Y6, N, 4.6. C~,HnNO s re.quires: C, 74-7; !!, 38;  
N, 48 °,D. 

2-Acetimino- 3-phenyl-4-kelo- 3.4-dihydro- 1,3,2-benzoxazine (XI) 

On refluxing (IV; 2 g) for 2 hr with acetic anhydride (20 ml) and pyridine (0"1 ml) and cooling, 
t h e  n r c~ t t t c t  I C ]  wa~  ¢-olle~c-ted (O.'/S o~ I ~ i h l t i n n  n f  t h~  f l i t t e r . -  w i t h  w in te r  vle|t~a~t lr~ {(~4[llQ o~ I~'r~,ttal_ 

Iwation of C from toluene gave colourless needles, m.p. 243. (Found: C. 69-1 ; H, 4"3; N, 1(>3. 



138 B. S. JOSHI, R. SRINIVASA~‘, R. V. TALAVDEKAR and K. VENKATARAUAK 

C,,H,,K,O, requires: C. 68.6; If, 4.3; N. lO.O>$. Crystalhzation of D from ethanol ga~c colourlcss 
nee&s, m.p. 242’. (Found: C, 704; H, 4.1; N. 6-2. C,,H,tW, requires: <‘, 70.3; H, 3.8; 

N, 5,9:<). 

O- Accryl-N-cyculosulirylunili~~e (VI I) 

A solution of acetylsalicyl chloride (0.5 g) and phenylcyanamidc (0.5 g) in pyrldinr (5 ml) was 
shaken for I hr at 25 ‘. Dilution with water (100 ml) and acidificatton Hith HCI gave a product 
(0.25 g), which crystalltzd from henzcnc-hcxanc in colourlcss cubes, m p. I41 (Vound: C‘. WI ; 
H, 4.0; N, 10.0. C,,H,,N,O* requires: C, 68.6; H, 4.3; N, IO~O”,). 

A mixture of X (0.2 g), ethanol (5 ml) and IO?; NaOH (20 ml) was hcatcd on a water-bath for 
2 hr and filtcrcd. A small amount of undissolved material (0.02 g) was idcntificd as unchanged X. 
Acidifmtion of the filtrate and crystallization of the precipitate from ethanol gave 2-hydroxy-3- 
~phth~nitidc, m.p. 245 ‘. 

Arid hydrulysis o/ X 

(a) A solution of X (0.2 g) m COW sulphuric acid (4 ml) u-as kcpr at 25‘ for 30 mm and then 
poured on ice. The prccipitatc crystalhlcd from tolucnc in colourlcss nc~llcs (0.17 g). m.p. .304 
(after shrinking at 265.). This was identical in its m.p. and infra-red spectrum with the by-product 
(Vtii) obtained in the acetylation of III. 

(b) On heating X (0.1 g) at 98. for I hr uith loo., tiC1 (20 ml) and ethanol (5 ml), the product 
(047 g) crystallitcd from benzene in colourkss ncedlcs, m.p. 300 (after shrinking at 265 ). 

Acid h.vdrolysis o/ X1 

Treatment of XI (0.4 g) with cone sulphuric acid (10 ml) and dilution as above gave IX. crystallir- 
ing from ethanol in colourkss nadks (&2 g), m.p. 242’. identical with IX. 

3-Phenyl-3.4-dihydro-~,3,2-~nzoxurine-2.~iune (IX) 

A solution of salicylanilidc (2.4 g) in pyridinc (I 5 ml) and ethyl chioroiormatc (I mi) was shrred 
at 85” for 2 hr. The pak brown precipitate (I.01 g) obtained by pouring into ice-water crystalli7rd 
from ethanol in colourlcss nccdks. m.p. 242’ (Rogisch.’ m.p. 246 corr). 

~Phrnyl-3,~ihy~~ I .3.2-;3--n~hrhuxazine-2,4-dmnr (VIII) 

t-Hydroxy-3-naphthanilide (1.4 g) was suspended in pyrldinc (25 ml) and heated Hith ethyl 
chloroformate (I ml) for 3 hr at 80-85” with agitation. The prccipltatc obtaincul by pourmg on ioc 
was collcctcd, shaken with ethanol (20 ml). IO”,; NaOH (5 ml) and diluted with water (SO ml). This 
gave a precipitate (0.56 g). which crystallized from toluenc in colourless nadks, m.p. 304’ after 
shrinking at 265”. From the akoholic alkaline filtrate unchanged 2-hydroxy-?-naphthanilidc (0.8 g) 
was recovered. 

Benzoylation of 2-hydroxy-3-naphthanilide was effected in alcoholic NaOH by bcnzoyl chloride at 
O-5’. molar proportions being used and the mixture stirred until it was neutral to Brilliant Yellow. 
The product crystallized from bexruenc (in which 2-hydroxy-3-naphthanilidc is insoluble) in colourleJs 
ncedlcs, m.p. 189-190”. (Found: N, 4-2. C,,H,,O,N requires: N, 3.87:). 

Hydrolysis of N-~~zoyf-2-hydro.~yy-3-~ph~hanili& 

The compound (0.5 g) was heated with IO% NaOH (5 ml), water (40 ml) and alcohol (5 ml) for 
3 hr at SO”. The solution was saturdtcd with CO* and the precipitate (0.35 g) wiu idcntifed as 2- 
hydroxy_J-naphthanilidc. 
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Primary con&Nurion producf (XIII) f ram the o-roluidicl of 2-h~~frox~onrhrocene-3-car~.r,-lir acid , 
und cyonuric chloride 

Prepared ;1s in the case of 111, the product crystallticd from ben7rnc in pale yellow necdlcs, 
m.p. 210.. (Found: Cl, 14.7; N, 11.6. C,,H,,O,CI,N, requires: Cl, 15.0; N, I l.ST/;). 

Treatment of XIII (I.5 g) in alcohol (SO ml) and Hater (100 ml) with 107,: NaOH (IS ml) at 
50 55’ for 3 hr. cooling, and saturating with CO, gave a minute amount of a precipitate which was 
rcjcctcd. Aciditication of the filtrate gave il yellow precipitate, which crystallirrd from glacial acetic 
acid in orange-yellow plates (0.55 g). m.p. 293 294. (dcc). (Found: C. 75.1; II, 39. Calc for 
C,,iI,,O,: C. 75.6; II. 4.2’,;). 

2,4-Ris~imerhylumino~~~-2’-h~~fru~~-3’-nuphfhoy~u~~i~i~-l ,3.5-trio:ine (XII) 

To a stirred solution of III (0.5 g) in dimcthylformamidc (50 ml) 30”. aqueous dimcthylaminc 
(0.4 ml) and sodium carbonate (0.08 g) in water (IO ml) wcrc added. After heating on a uatcr-bath 
for 3 hr. the solution wils poured Into water (I 50 ml) and extracted with ether. Ether was removed 
and ~hc miduc cystallizrd from ethanol in colourlr%s needles (0.21 g). m.p. 183”. (Found: C. 67.5; 
H. S.8; N, 19.5. C,,II&,S, requires: C, 67.3: H. 5.6: N. 19.6’;). 

Serondury condensotiun product (XIV) from 2-hy~lro.~y-3-nophf~n:li~k and cyonuric chloride 

To a stirred solution of cyanuric chloride (0.38 g) in acetone (IO ml) at O-5’. a solution of 2- 
hydroxy-3-naphthanilidc (I.1 g) in cthilnol(20 ml) and 10% KaOH (I.7 ml) was added. The solution 
u-as stirred at &5 for I hr and then at 45 -50‘ for I hr. Water (40 ml) was added and the prccipitatc 
(I.22 g) cryslilllircd from chlorobcnzcne. The colourlcss plalcs had m.p. 206’. (Found: C. 69.8: 
H. 4.1: Cl. 5.8; N, 10.6. C,,H,,O,CIN, requires: C. 69.6; H, 3.8; Cl. 5.6; N. ll.O”,). This 
compound on trcatmcnt with acetic anhydride and pyridmc under the conditions described in the 
cilsc of 111 yielded X. 
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