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THE ACTION OF ALLYL BROMIDE ON

LEUCO ANTHRAQUINONES




INTRODUCTION

"The anthraquinonoid vat dyes remain the most
important class of all dyes for cotton and other cellulosic
fibers because of their outstanding all-round fastness".’
Because of the sparing solubility of the anthraquinonoid
vat dyes in organic solvents, purification by chromato=-
graphic methods and crystallization are difficult. The
chromatographic separation of vat dyes has been carried
out at high temperatures by Unni and Venkataranan.2 but
this did not solve the problem of making them amenable to
NMR spectroscopy. Further, their volatility is inadequate
for mass spectroscopy.

As long ago as 1928, a German patent3

described

the simultaneous reduction of quinones with zinc and alkali
and methylation of the leuco derivatives with methylfg-
toluenesulphonate or dimethyl sulphate, but the reaction

was not usecd as a method for isolating anthraquinonoid

vat dyes in the pure state and for improving their solubility
and volatility until Monjrekar4 studied the NMR and mass
spectra of the methyl ethers of the leuco compounds of
violanthrone (dibenzanthrone), isoviolanthrone (isodibenzan~
throne) and their derivatives.have The methyl ethers of the
leuco derivatives have greatly increased solubility in

solvents such as benzene and chlorobenzene, and are amenable

to chromatography and crystallisation.



"The general ptoconro €or obtaining the reductive
methylation product was to reduce the vat dyes with aqueous
sodium dithionite and sodium hydroxide at 60=70°, cool to
room temperature and shake the solution vigorously with
dimethyl sulphate (about 6 moles) for 30 minutes when
the product separatod'.‘ An important property of the
ethers of leuco derivatives is their ready conversion to
the parent vat dyes by ad ing the solution in conc.
sulphuric acid at 0° to ice.

The NMR gpectra of the methyl ethers or acetates
of the leuco compounds in tetramethylurea have been
ltudiod.5'6 Although, the reductive methylation products
of anthraquinonoid vat dyes are much more soluble in
organic solvents than the parent quinones, many do not
have adequate solubility for NMR spectroscopy. Manbrokar4
prepared the benzyl and trityl ethers of anthrahydroe
quinone (9,10-dihydroxyanthracene) and found that these
derivatives were much more soluble than the corresponding
methyl ether, but the attempts to prepare benzyl and
trityl ethers of 5,10-dihydroxyviolanthrene were

unsuccessful,



PRESENT

The present work was undertaken with a view to
prepare a few allyl ethers of leuco anthraquinones and
to study their solubility behaviour in various organic
solvents for the determination of their NMR spectra.
Allyl ethers are known to be more soluble in organic
solvents than methyl ethers, and the protective group

can be readily removed by mild ,u"acid treatment.

A suspension of anthraquinone in 10% aqueous
sodium hydroxide was reduced with sodium dithionite,
and the clear solugion was allowed to react with excess
21lyl bromide (about 4 moles) at room tempcrature. The
reaction was exothermic and instantaneous. A colourless
crystalline product was obtained in above 90% yield., It
was freely soluble in benzene, chloroform, carbon tetra-
chloride, methanol and ethanol. The gﬁggggt was also
obtainable by using allyl chloride or/p-toluene sulpho-
nate; but it was not the expected diallyl ether (1) of
anthrahydroquinone. The mass spectral molecular weight
(m¥ 250) and elemental analysis did not agree with
C20H18°2' the molar formula of (1). The IR spectrum in
carbon tetrachloride shows strong absorption bands at
1665 cm~t (anthraquinone carbonyl) and 3400 em™d (OH).
In conjunction with M' at 250 and the IR data, the NMR



spectrum (Fig.l) in CCl‘ indicated structure (2), 9-allyl-
9-hydroxy-10-anthrone. In the NMR spectrum, a methylene
doublet (J=7 Hz) seen at 7.51," assigned to the allylic
methylene. The terminal methylene on a double bond and
the vinyl protons appear as a multiplet in the region
between 4.8 to 5.8l., A one proton singlet at 6.3 exchange-
able with DZO is assigned to the hydroxyl grouping. The
aromatic protons are seen as a complex multiplet in the

region between 2.0 to 2,89,

In the mass spectrum (Chart 1) of (2), the
molecular fon is insignificant (0.1%). The fon (3) formed
by allylic cleavage is the base peak. The base peak
subsequently loses CHO and CO groups respectively to give
radical ions at m/e 180 (2%) and m/e 152 (17%).

7 / "A litersture search for (2) showed that it was
prepared in 1910 by Kondo* in about 22% yield.-~uc roducoﬂ
anthraquinone in aqueous alkali with zinc dust and trcatci
the boiling solution with excess of allyl bromido;]-

The reaction of allyl bromide on the di-anion of
the anthrahydroquinone seems t0 be a Claisen type rearrange-
ment., IE? soon as the monoallyl ether fgi is formed, it
undergoes the same changes as the allyl ether of a 2,6~
dialkylphenol. Claisen migration to an g-position is y
immediately follcwed by a Cope type rearrangement to (6),
which picks up a proton to form the stable exanthrone

v — ———

'Chomical shifts are cited on v scale.

.
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(3)
m/e 209 (100%)
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7/

derivative (2) W" The Claisen change 1; gcf'foctod
thermally at temperatures of the order of 200°, although
rearrangement in tri.f/l,uomcotic acid at room temperature
has been repm‘tod.‘8 " The remarkably rapid C-allylation of
anthrahydroquinone to the oxanthrone (2_) at a temperature
of1m‘$20° must be related to the reactivity of the meso-
positions in anthracene and the stability of oxanthrone

derivatives such as (jﬁ. \

“support for the mechanism Guggested in Chart-2
is found in the action of Y,V ~dimethylallyl bromide
tiseprenyl bromide) on the dianion of anthrahydroquinene,
Because of the double [3,3) sigmatropic shift, there is
no end-group interchange and the product pm&hmbo (7)
and not (?) The colourless compound, ‘19H18°2' showed
in its IR spectrum in le. characteristic absorptions
for C=0 (1665 cm ‘l) and OH (3400 cm "’) groups .

‘The NMR spectrum (_)q*i)‘ of 4:7) shows two
3-proton singlets at 8,66 and 9. 21 auigmd to =<,M02 of
the prenyl side chain. One of the vinyl}c methyls is

nop A Lyeorma 4/ Ceanrt iE Coratld
shifted te a higher - vc ) when compered to the
absorotion position of«the other (8:66). This can-only
be-expleined by assuming that-one-of the vinylic methyl
greups—is-sterically held abeve or below theplane of—the
S eley // /”/l/\.é[:*!LbN? n\f(;uyuc_( (// (=8 /e/’«ig Y 7L2

n~ jl«i A% Lj\} e PR \(1-[(51,\/g - — %
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CHART 3.




10

benzene-xring and thereby.asbnormelly shielded because of
. ¥ Nk 2 z‘LfL 7'5_/ G (,2-))

the-ring-current-effect., The allylic methylene is seen
Cd; J=5Hz)9 7/

as a doubdet (J=8-Hy) at 7.47 Mo—l?—opmrsm

ane A '2'1;4?/6'1} /’N‘/fn Ak f'0/7C,.7' ’ ﬂ .
in{2)—A-=sincle-proton-triplet A_.PB Hx)Jat&éL-ues e
assigned-—to—the vinylic-—preten. The aromatic protons
appear as 2 complex multiplet in the region between 1.74
to 2.78. The hydroxyl proton is seen at 6,92, Thus the
compound undoubtedly is 9«(V,V ~dimethylallyl )=9-hydroxy=
10=anthrone (7) and not the 9«(%,{~dimethylallyl)«9-

hydroxy-lO=anthrone (8). 0 a2, Py

~
)

V. "'—'During the bromination of isoprene a by-product

\

* ) &

mf2.4-d1bromo—2-methyl-l_\_-butane§ formed by the addition
wy

of 7 moles of hydrogen bromide. The reaction of this
dibromide with leuco anthraquinone was slow, and the

colcurless product (Cleao2;(\ﬁh’b@iB); formed by the st e/

mechanism is=Ghest—3, wwaem%wm Konos
l“‘hm}(
heve the structure )3 M&m—hw
(C=0))

carboayl peek—=1667 cm'lf sag no OH absorption; TFhe—iMx

e

spectrum ( Fig. 3) in COCl, shows & 6-proton singlet-et

9.45 assighed-to=a gem=dimethyl
" (g g.os 4!.{

saturated carbon)atom./\two w«tr£91“£ ;{._[-"Z{ Hz/ at
o o /'/2* AV

SvOb-and-575 ssigned-te-a methylene adjeacent te—e—satura-

MWM&CHZ l‘-ﬂ and 5-H,

being adjacent to a3 peri-carbonyl group are deshieldec and

grovp. attached to &
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appear as a multiplet in the region between 1.76 to 2.0;
the remaining aromatic protons are seen as a complex

nultiplet between 2,37 tc 2.75.

!

L r-

57 Zfin the mass spectra of (7) aﬂdﬁi&#; the molecular

ion is not se n 1n~tht-formtf, fhozaéak at m/e 210 is
> f/'l-x\('(

obtained by the loss of t?Oprinyl

,u 2 (;7,;/)14ng /\//
migration of a proton,’ /whereas the initlal loss of C sHg
7)/ )(
from the molecular ion gives fen4{(3)o fﬁhﬂ!‘—‘—*ﬂﬁth.
mass—spectrum—ci—{9), which then undergoes the tuﬂiagiid
fragmentations ow ol Aw mars opeclin o7 [/ Z)- ]
Kondo7 tried unsuccessfully to synthesise benzan-

throne (10), which is a commercially important dye inter-
mediate, by the dohygxphalogonation of the dibromide of 7
allyl oxanthrone (2). Z_po action of sulphuric acid on Sﬁ)
at room temperature or 90° gave a mixture of compounds

from which no pure product was 1solab1e} TLC gave no
evidence of the formation of benzanthrone. The addition of
copper led to a minute yield of benzant¥§pne. Negative
results were 2lso obtained by treating (Z) with sulphuric
end boric acids, an aluminium chloride~sodium chloride melt,

) L0
and aluminium chloridey ~ ¢ /$C /50 7

The action of hydrobromic acid in presence of
benzoyl peroxide gave anthraquinone, also producec by

treatment with neutral permanganate, lead tetraacetate, and

~
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potassium hydroxide in dimethylsulphoxidcqq/Acetylation of

(2) did not proceed with acetic anhydrido 1n pyridine or 1n\\
presence of perchloric acid; but with boiling acetic anhydride
and fused sodium acetafi ;:acetoxy-Q—allyl-lo-anthrong_J\Tho
structure sup orted by its NMR spectrum 1nCD013,a11y11c
methylene doublet at 7.21; terminal methylene and vinylic
protons multiplet in the region between 4.82 to 5.65; 4eCO

at 7.9 and aromatic protons as in (2). The IR spectrum in

CCl, shows the absence of OH and the presence of an ester
carbonyl at 1750 cm~l in addition to the anthrone CO at

1670 cm'l.

K\vé-Toluenesulphonic acid had no action on (;3 at
room température, but dehydration was extremely rapid at
70%, After removing the solvent in presence of hydrogquinone,
two compounds (A) and (B) were isolated. Compound {A), m.p.
109-110°, C,4H) 00, has the structure ( h)i}The IR spectrum
shows strong absorptiogwefvl665 cm =1 and no hydroxyl/)
absorption. Zié‘tﬁ;75ass sp;;;fﬁ;jithgrbasélpéak 15 Nl
(m/e 231), which loses CO and CHO to give m/e 203 (23%)
and m/e 202 (40%). The NMR spectrum‘ifiq7/17/shows a
2-proton multiplet between 4.13 to 4.9 (terminal CH, )
and two vinylic CH protons as & complex multiplet between
2.99 to 3.22. The allylidene-aznthrone a;i) was postulated
as an intermediate in the Bally=Scholl mechanism for the

formation of benzanthrone from anthrone via an aldol



L1,2,3,6,7,8—H
CH

i

]

2:0 3-0 4:-0 5:0 PPM (T)

FIG-4 NMR SPECTRUM OF 9-ALLYLIDENE-IO-ANTHRONE IN

CClg



condensation with acrolein; but it has not been nossible

so far to convert (}4) to benzanthrone.
—‘7 «// /'f-?/”(// )
7/ [uompound (/B/)_.~ M.Pe 210-12°, C34Hz‘ 2&@’{/%59).

1]i/
has the structure (%)7 probably formed by the action of
Lﬂ on the carbonium ion (ﬁ). The N4} gpectrum esf{12)

ug&ﬁia shows the-presence—of a C~allylic group (neth}rleno
A€ -
doublet at 7.0 and 3=proton multiplet between ; 4.8 5.68)71

A one proton multgiplet between 3.3 to 3.72 was assigned to \

3 conjugated CH. The presenCe of the allyl _group was al.so /

/confirmod by the initial loss of 4l from the molecular
m in the mu spectm cf=(2), ] e

AdleciéC (/ i \<

< /ﬂ/’/t A 1t

% [Reduction of (#)/m methanol gaé/e (}‘{ 1‘7”160
(--f 252). The N¥R spectrum sf—<{1#4) shows the expected
sicnals for the allyl graup together with a 2-proton

sinclet at 7.4, exchangeable with 2l san—be—assiened63
9-/and 10-0H., The asromatic protons form an A.ZBz system

of two multiplets at 2.4 and 2,73 integrating for four

protons each (X= and P=protons of the anthrascene ting).7
B B
(/f [ The action of allyl bromide on leuco derivative

of <=hydroxyanthraquinone cave two products (C) and (D)
in the ratio of about 7.5:110, obtained respectively by
extracting the alkaline solution with chloroform and by
acidifying the aqueous solution. The alkali-insoluble
product (C), w.p. 118=20°, C oH, 05 (41 266), shows a



(ke

chelated carbonyl absorption at 1640 cm™t in the IR
spectrum, In the mass spectrum, the base peak is at
m/e 225, corresponding to the loss of the allylic side
chain. Structure '(ﬁ')f::sydgned to (C))m confirmed by
its NMR spectrum in which the bonded

and I-OH al 70+ y
{~hydroxyl appears at =2, 3‘@0:1}“:»:0 quartets at 1.85 ‘/'-
and 3.3 assigned to 5-H and 3-H respectively; 3-H is ) 14
shielded because of the adjacent hydroxyl group.

gf[[l’he alkali-soluble pro‘;uct (D), m.p. 92-93°,
is isomeric with (C) (M2 268)., IR spectrum ef—&2} shows

CH
a broad strong absorption at 3350 em -1 ( hydroxyl—ewoup) and
Re
a free carbonyl at 1662 cm =1, “Nur spectrum oﬁﬁ)%ns@ﬁa

4l

Mthws the non-bonddd phenolic hydroxyl at 0.94, -~ Rl

. 7.0
e (’\,fn,z-t,

in (C)y—is net—seen—in<+B)./ The meth lene doubl nd
y et a/_;u.1 e g /'ZZ)

L -7
3-proton multiplet of the allylic group seen h=£) = (zo/e
/L c7C€ 12

also absent. Instead, m—mm wshows two groupl
)

of multiplets,-eome at 4.76 % 5,76 and o%hexr at 6. 8,.
7@71/7 w? ]

—7.54 integrating for 4 and Zsprotons respectively. IR,

NMR and mass spectral data are in agreement with t¥s
'EI T //\l;l/’% .
structure (}6); e appearance of ene=of the methylone/d

21UNCLE) A 2 AN

0 //attached to the anthrone wnd®s is /anomally low vadue ,(/;.-;aj

and is not clearly understood. However, the data does not

suggest any other alternate structure.

f/z/7 373 /( Z/
DES
]_/\ //?():) C,‘\//“ /U/ /SO (:{‘-_ K 7”&4\_'“,”\

Ddioame <0 16853 2
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Normally }bﬂ'allyl bromide should react with
a phenolic hydroxyl giving the O-allyl ether. However,
it is found in the present investigation that under
the experimental conditions, the phenolic hydroxyls are
_GB;;;;;;;ETZE;hQn the leuco derivative of 2~hydroxy-
anthraquinone was treated with allyl bromide, the product
cave a fluorescent solutio?]in aqueous sodium hydrcxide.

XV
Two possible structures (;ﬁ) and (18) were considered.

and the NM? spectrum (py:id&aa::ad acetone) favoured g}é)

M2 —spectrum—ef—{18)—inmacetone shews 4 kew=fisld 3-proton
multiplet in the region between 1.66 to 2.02.—Fhese can be
assigned to 4-H, S5-H and G-H} The {-proton adjacent to 2

)
2-hydroxyl is héstiy shielded and appear, a$ a metg-cdupled
doublet (J=2 Hz) at 2.47;7

5?’ Treatment of leuco {-aminoanthraquinone with allyl
)<|
bromide gave a mixture of compounds, from which (I§) was

isolated in 65% yield by chromatographxi] The structure (19)

was based on its IR, N¥R spectra.
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EXPERIMENTAL Lo
r A
/ '9=A11yl=9=hydroxy=10=anthrone (2)
(a) Anthraquinone (10.4 g.} 0.05 mole) was suspended
in 10/ aqueous sodium hydroxide at room temperature. The
vat was prepared by adding sodium dithionite (15 g);
a.lyl bromide (12 g., 0.1 mole) was then added and the
mixture shaken for 30 minutes when a colourless preclpitate
separated. Lxcess alkali and sodium dithionite were tested
for as usual. The cclourless precipitate was filtered,
washed with water and air dried (12 g). Crystallisstion
from petroleum ether (60=-80°) gave colourless rhombic
prisms; m.p. 10£=108° (11t.7 108°) (Found: Cs Bl.9; H, 5.8, 7)
) (/ 4&" ' ,"»‘/\q')x( :)v»éﬁm,xéj‘ﬁ/
Cl.,iilAO.re:uires C, 81.6; H, 5.6i5). /‘7-//9// £l Five
e ,7 e ::/4 v ”“/‘//"._J[
(b) To the alkaline vat of anthraquinone (1 g), allyl
chloride (1 ml) was added. The product was worked un as in

(a), yield of (2) 0.9 g., m.p. 104=108°,

(¢) Hydrogen (0,0025 mole) was absorbed in a suepension
of anthraquinone (0,52 g., 0,002 mole) in 5% aqueous sodium
hydroxide (30 ml4¢ in presence of platinum oxide catalyst
(20 mg). To the red solution at room temperaturc, allyl
bromide (1.2 g., 0.01 mole) was z:dded under vigorous
stirring. After 30 min. the colourless product was
filtered, washed and dried (0.16 g). Crystallisation from
petroleum ether gave (2), m.p. 10a=105°,



(d) The alkaline vat of anthraquinone (1 g) was
treated with allyl p-toluenesulphonate (3 ml) at room
temperature. After 1 hr. the product was extracted with
chloroform. The colourless residue (0.6 g) from the
extract was repeatedly crystallised from pet.ether,

yielding (2), m.p. 104=108°,

//2:;1;1:gLmg&nxl:l1xL:2:nxﬂ:gsxzigznnxnxgnéiigj

An alkaline vat of anthraquinone (0.5 ., 0.02%
mole) was treated with dimethylallyl bromide (1.5 g., 0.1
mole) at room temperature. The product (0.45 g) crystallised
from pet.ether in colourless needles, m.p. 142-43°. ( Found:
C, 82,3; H, 6.8, Cyotyg@p recuires C, 82.0; H, 6.5%),

The yield was sdouwdyx improved by carrying out the reaction
at o—5°.']

I - gf 2w - b b on
| s asten of acppiz sty a0 -

2-Methyle2,4~dibromo-n=-butane (6 g) (prepared by
the addition of 2 moles hydrobromic acid to isoprene)
was added to an alkaline vat of anthraquinone (2 g). The
mixture was shaken at room temperature overnight and
extracted with chloroform. The product crysta!lised
from pet.ether in colourless rhasbic prisms, m.p. 130-32°,

(Found: C, 82,3; H, 6.6. C19H18°2 requires C, 82.0; H'6°5%)f]

23



P

Compound (?) (0.5 g), acetic anhydride (8 ml)
and fused sodium zcetate (1 g) were heated tegesirer under
reflux for 6 hr. Worked up #s usual, the product (C.48 g)
crystallised from pet.ether in colourless needles, m.p.
124~25°, (Found: C, 78.43 H, 5.5, CygH, 0, requires
Cy 78413 Hy 5.5%). J

f' y
The action of p=-toluenesulphonic acid on (: l —7/ YT
—/’n;ggprasion of (JA) and (. ’ M VL
7 .

A solution of (?) (2 g) in cdry benzene (40 ml)

was heated at 70-75° with p-toluenesulphonic acid (2 o)

for 30 min. After cooling to room tempcrature, the benzene
solution was filtered to remove.B-toluenesulphonic acid.
The filtrate showec two major yellow soots on TLC oxes
(;ilica gei}.The two comoounds were then separated on a
column of silica gel using benzene as solvent. The fast
moving comoound (0.2 ¢) was isolated after removal of
solvent under reduced prescure in presence of hydroquinone.
It crystallised from pet.ether in lustrous pale yellow<y7
plates, m.p. 109~-110°%, and was identified 2s thuxdinnt(yﬂ)

——

(Found: C, 88,13 H, %.9. C17:120-requires C, 87.93 H, 5,2%). |

/ The second product (0.2 g) crysta:lised from

e

benzene=pet.ether in shining yellow Prisms. MePe 210-12°
the dimer

ﬁgmj/and was identifiec as/(}2) (Found: C, 88.0; i1, 5.1.
CagHn,0, requires C, 87.9; H, 5. 2X). J

—



r - X
| —iction of sodiun borehydride on (2): oreparation of (jf)
. T
To a solution of (%) (0.5 g) in methsnol (5 ml),
sodium borohydride (0.5 g) wasf added at room temperature
with stirring. The reaction was exothermic. After 2 hr.
the nroduct was worked up as usual, Crystallisation {rom
benzene=pet.ether cave colourless crystals (0,38 o), m.p.
143-45° (Found: G, 81.2; H, 6.5, C)7H) 0, requires C, 81.0;

-1

Hy 6.3%). | .

o ®, I X1l
L9-AQ}'_]_.¢-4L -dihydroxy= ‘ n our:d )

{=~Hydroxyanthraquinone (2 g., 0.009 mole) in
5+ sodium hydroxide (50 ml) was reduced with sodium
dithionite (3 g), and treated with allyl bromide (4.2 g;
0.036 mole) at room temperature for 3 hr. The alkaline
solution was extracted with chloroform. The product (0.75 g).
recovered from chloroform, crystallised from pet.ether in /
pale yellow plates, m.p. 119-120° and it was identified
as (ﬁ) (Found: C, 77.03 H, 5.6, C qH, 04 requires
Cy 7647} Hy 5.3%).j

[:The aqueous solution]after extraction with
chloroform, was acidified with acetic acid and the precipi-
tate was filtered, washed and dried (1 g). Crystallisation
from pet. etheg/g,yo pale yellow needles, m.p. 92-94/,aad
identified as (;6) (Found: C, 77.13 H, 5.6. C,qH, O3 requires

C, 76.7; H, 5.376)1
—
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5 when the alkaline vat of f=hydroxysnthraquinone
(19) was treated with allyl bromide (2.1 g) as in the
prévlous experiment, the entire product remained in the
alkai;:solution and no part was extractable with chloroform.
Acidifica-ion with acetic acid gave a precipitate (1 g)
which crystallised from ethanol=water in pale yellow
crystals, m.p. 189-91%, (Found: C, 76.5; H, 5.5. (,_ ;

Cl7f‘{l403 rer 'Uires C. 76.7: H. 5.3%)0 er
- - '/X\—T
/ 9=Allyl-9=hydzoxy=4~-amino-10=anthrone ()4)

| -

A solution of «=aminoanthraquinone (1 ¢) in
alkaline dithionite waskreated with allyl bromide
(2.2 g) at room temperature for 1 hr. Extraction with
ether/ lacd to a3 gummy residue, which was dissolved in
benzene and chromatoaraphed on a silica gel column. The
major slow-moving grecnish yellow band yieclded a product
(0.6 q) which crystallised from hexane in grecenish yellow
prismsg, a.p. 102-103°, (Found: C, 77.3; H, 5.8; N, 5.1,
)e

Ci7H1sNO, requires C, 77.0; H, 5.7; N, 5.,3%
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INTRODUCTION

A dye is a coloured substance that can be applied
in dispersion to a substrate. The principle characteristics
of a pigment are: (a) it has no affinity for fibres or other
substrates, and (b) it is substantially insoluble in the
medium in which it is used.

Pigment-using industries are interested in
inexpensive bright yellow pigments with good fastness
properties. According to the patent 11teraturo% useful
pigments are obtained by the condensation of X-aminoanthra-
quinone (1) and its nuclear substituted derivatives with
the chlorides of diacids. Thus the condensation of <~amino-
anthraquinone (1) and s-phthaloyl chloride (2) gives a yellow
pigment, "particularly suitable for textile applications"
(Textile Yellow Toner Y 5776, HaR).}

A 1955 patont2 describes the preparation of a novel
yellow pigment which was obtained by condensation of two
moles of (1) and one mole of (2) using nitrobenzene as
solvent. The constitution of yellow pigment, commercially
known as Patrician Yellow 21-2817, has been mentioned in
Colour Index (Additions and Amendments 2, Jan.1972) as (3).
The same yellow pigment was obtained3 as early as 1910 by
heating (1) with phthalic anhycride and phosphorus penta=-
chloride.



29

In 1959, Randall and Taras* reported the
condensation of one mole of (1) and one mole of (2).
They obtained a yellow pigment which fluoresced under
ultraviolet light. According to them, the product
contained a bright greenish yellow component of unknown

constitution.

A British patont5 claims the preparation of
yellow anthraquinone pigments "with improved shade and
strength®” by heating (2) with (1) containing 2-10% of
different aminoanthraquinones. Compounds of the general
formula (4) (R = C,H,, CH=CH, g-phenylene,substituted
o-phenylene, or 2,3-pyridinediyl and RI-H. Cl, NO, or BpNH)

are the subject of another patcnt;6

they were prepared by
heating aminoanthraquinone in anhydrous solvents such as
nitrobenzene or g~dichlorobenzene (ODCB) with 0,5-2 moles
of a dicarboxylic acid anhydride in the presence of 0.5-2
moles of phosphorous oxychloride, an acid binding agent

and an amide as catalyst.

Condensation of derivatives of <~aminoanthraquinone,
and l-am1no—4-benzam1doanthraqu1?one

such as l-amino-a—mothoxyanthraquinone with (2), which gave
orange and red pigments, have been do:cribcd in the patent

11toraturo.7'8



(3)

0




31

PRESENT _WORK

With a view to study the constitution of the
pigment or pigments obtained by the condensation of one
or two moles of (1) with one mole of (2), the present
work was undertaken. Vhen the condensation was carried out,
using one mole each of (1) and (2), as described in USP
2,914,542, the pigment (A) crystsllised from ODCB in
bright greenish yellow microscopic needles which decomposec
at 340-42° with a red sublimate. Elemental analysis does
not distinguish between (3) and (5), although the N content
favours (3). The mass spectfal moleculs r weight (M¥ 353)
is in agreement with (5; CyoH NO, ). The IR spectrum in
nujol mull shows four strong absorption bands in the
carbonyl recion at 1710, 1683, 1668 and 1635 em . In the
IR spectra of phthalimide and Nemethylphthalimide the

carbonyl absorption appears9

regions 1790-1720 cm™*

as two strong bands in the
abd 1710-1670 em L. The non-

appearance of a band above 1710 em™t

and the appearance

of a bonded NH stretching vibration do not favour structure
(%). The amide carbonyl in l-benzamidoanthraquinone absorbs
at 1680 cm~! and the diamilide of phthalic acid at 1626 em™ .
When compared with these values, the carbonyl absoxtion

at 1710 cm"1 in the IR spectrum of (A) cannot be explained

on the basis of the alternate structure (3).



=2
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The prominant peaks in the mass spectrum (Fig.l)
of (A) are at m/e 309 and m/e 223. The peak at m/e 223,
which is the base peak, corresponds to £-aminocanthraquinone.
The ion at we 309 is formed by the loss of Co, from the
parent molecular ion. This type of rearrangement,
involving oxygen transfer and loss of 002 has been
obserVed10'11 in the mass spectra of Nemethyl and Ne
phenylphthalimide. Because of these conflicting results
an attempt was made to record the NMR spectrum of (A), but
it had inadequate solubility,

Reductive methylation of pigment (A) was then
carried out in order to get a more soluble derivative,
because earlier work in this laboratory has shown  that
when polycyclic quinones, such as violanthrone are reduced
with aqueous sodium hydroxide and dithionite and then
methylated, the methyl ethers of the leuco compounds
have considerable solubility in organic solvents such as benzene
and chloroform.}? The product (C), prepared in this manner
by reduction and subsequent methylation of the leuco
compound of pigment (A) with dimethylsulphate, was purified
by passing a chloroform solution through basic alumina
column, Repeated crystallisation from benzene gave
greenish yellow lustrous compound, m.p. 253-54°, The
elemental analysis is more in agreement with(6) than (7).
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However, there was no peak in the mass spectrum (Fig., 2)
above m/e 383 and if this is assumed to be Ms, it is in
agreement with (7). The mass spectral fragmentation

pattern will be discussed later. The IR spectrum(nujol)

shows carbonyl absorption at 1675 emt

and NH stretching
vibration at 3325 cm -, The NMR spectrum (Fig.3) in CICl,
shows an extremely complex pattern in the aromatic region
and is difficult to analyse because of the aromatic protons
appearing in a very narrow range. The methoxyl protons
appear at 5.93 and 6.0. The bonded NH~ proton is seen at
-1.3. Based on the mass spectral molecular weight, a2nd the
MUR and IR spectra, the structure (8), was considered for
the reductive methylation product (C) and consequently

the structure (9), 3,4-phthaloylmorphanthridine-6,ll-diene

for pigment (A).

s In the mass spectrum (Fig. 2) of (C) the ion at
m/e/is not significant (11%). It loses two methyl radicals
successively from two methoxyl groups (peak 2t m/e 368 and
m/c 353). The ion at m/e 353 then loses CO, giving a peak
at m/e 309 (8%), also observed in the parent quinone. The
peak at m/e 223 which forms the 67/% of the base peak (m/e 368),
corresponds to the molecular ion of {~-aminoanthraquinone.

The other preminent ion is at m/e 253 (45%) corresponding

to le-amino=9,10=-dimethoxyanthracene (10). The fragmentation
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pattern below m/e 223 resembles that of {-aminoanthraquinone

which has been reported.13

From the mass spectra, the molecular weights of
the pigment (A) and its reductive methylation product (C)
appear to be 353 and 383 respectively. The IR spectrum of
the pigment shows bands at 1710, 1683, 1668 and 1635 em—t,
These data cannot be reconciled with the suggested structure
(3). The alternate structure (9) seems to be more likely,
but the IR spectrum of (C) shows only one strong carbonyl
band at 167% cd’l and not two bands, normally expected for
the morphanthridine=~6,l1~dione (11) system. It may be
recalled at this stage that morphanthridine 6,lledione (11)
is formed14 from Nephenylphthalimide when it is heated to
290% in a melt of aluminium chloride and sodium chloride.
Another way of synthesising (11) is by the Schmidt reaction
on anthraquinone by treatment in a mixture of conc. sulphuric
acid and methylene chloride with sodium azide at 20—25°.15
Morphanthridine-§gfill-dione (11) was prepared by the latter
method in the present investication in order to study its
behaviour in the mass spectrum and the absorption position

of the carbonyl groups in the IR spectrum.,

The mass spectral fragmentation of (11) is different

from that of pigment (A) and it resembled to that of benza-

16

»epine, The fragmentation occurs by succegsive loss of

37



two molecules of CO from the molecular fon (e 223) to give
m/e 195 and then the carbazole radical cation (m/e 167).
Another prominent peak (m/e 222) is due to the loss of a
hydrogen radical from the molecular ion. The loss of 602
1s not observed, The IR spectrum of (11) in nujol shows

1

stronc carbonyl bands at 1667 cm ~ and 1640 en™L,

It has been reportedr7 that morphanthridine~6,11-
dione and its substituted products undergoe ready a}kaline
hydrolysis to the corresponding amino acids (12) with hot

2N aqueous sodium hydroxide. Under the identical conditions
pioment (A) remained intact. However, by refluxing pigment
(A) with 10% sodium hydroxide in cellosclve, X~amino-
anthraquinone was obtained in quantitative yield and not

the expected amino acid (13) based on the structure (9) to
(A). Hydrolysis of pigment (A) alsc occured in conc.
sulphuric acid at room temperature, {~aminocanthraquinone
being obtained dn pouring the acid solution to ice-cold
water. If the morphanthridine~6,lledione ring system is
present in the pigment, it should give (13) and not <L-amino=-

anthraquinone. From these results, structure (9) for

pigment (A) was ruled out.

The original structure (3) is more consistant
with the chemical reactions. The condensation of two moles

of (1) with one mole of (2) as described in the patent

2

literature® was carried out and the reddish yellow product(B)
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0 MeO O
(9) (10) (11)




was caystallised from ODCB, It gave a superposable IR
spectrum with pigment {A). The identity of the two

pioments (A) and {B) was further established by carrying

out the reductive methylation of (3) and the mixe? m.p. with
(C) was not depressed. Similarly, the condensstion of (1)
with phthalic anhydride and phosphorous oxychloride in
presence of urea and calcium oxide as reported in a pa¢ent6
also resulted in the formation of the same pigment. These
reactions also favour structure (3). However, it is
difficult to explain the IR and mass spectral data. The
only way to account for the peak at m/e 353 in the mass
spectrum (Fig. 1) is decomposition of the pigment in the
mass spectrometer thermally or by electron impacts, the
molecular ion is not seen, but only the next fragment ion.
To clarify these points, the thermal stability of (A) was

checked,

then the pigment (A) was heated under reduced
pressure at 360°, the sublimate was found to be a mixture
of two compounds: (a) X~-aminoanthraquinone (1), and (b)
l-anthraquinonylphthalimide (5) which was separated from
(1) by extracting with hot ethanol and crystallising from
benzene and characterised by its IR and mass spectra (MT 353).

18

Sloom and Freyermuth™  c¢laimed the synthesis of (5) by

adding (1) to a mixture of pyridine and anhydrous aluminium



chloride, followed by the addition of phthalic anhydride.

However, no details of the preparation of (5) are available.
The IR spectrum (nujol) of (S) shows C=0 bands at 1786,
1762 cm~L and no NH absorption is seen. In the mass
spectrum the molecular ion m/e 353, is the base peak and

no intense peak at m/e 223 observed. In the mass spectrum
(Fig.l) of pigment (A) the base peak is at m/e 223, corres-
popding to the radical ion of -~aminocanthraquinone. Thus
it is clear that in the mass spectromcter, (A) is first
“thermally decomposing to N~{l-anthraquinonyl)phthalimide
and <-aminoanthraquinone; the molecular ion of the former
is seen as the peak of highest mass and the base peak
corresponds to <~aminoanthraquinone (chart 1). Similarly,
when the reductive methylation product of the pigment was
heated above its m.p. under reduced pressure it decomposed
to give two products corresponding to the reductive methy-
lation products of (5) and (1). From these facts it is
;i;;:nthat the structure (3) suggestec earlier for the
pskexta is correct. However, to reconcile the C=0 stretching
vibrations in the IR spectrum, one has to invoke some
stejric factors to keep the anthraquinonyl units in (3) in
different planes. It can be assumed that only one of the
two amide NH groups 1s strongly bonded with the adjacent C=0
group of an anthraquinone unit, while the second amide NH

is in a favourable stegric situation to bond with the CO

41
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CHART 1 MASS SPECTRAL FRAGMENTATION OF PIGMENT (A)

m/e 354 (46 %)

0 @)
m/e 353 (42 %) mse 223(100°%)
/
/
Y, —Aq N-CO
/ +

c=0

m/e 309 (32%) m/e 104 (22 %)

Aq = (1- ANTHRAQUINONYL)



group marked (l] rather than a carbonyl of the second
anthraquinone unit. In such a molecule there will be
four types of carbonyl absorp tions and all are seen in
the IR spectrum of pigment (A). Thus the bands at 1710,

-] €3N be assigned
1683, 1668 and 1635 cm /in the indicated order to the amide
(2], the non-bonded anthraquinonyl carbonyls, the bonded
amide C=0{1] and the bonded anthraquinone C=0. 1In the
reductive methylation product the anthraquinone carbonyls
are absent and only one amide band is seen at 1675 cm™+

as expected.

Condensation of le-aminoanthraquinone with either
one mole or two moles of g~phthaloyl chlcride gave only
pigment (A) and no trace of N~(l-anthraquinonyl )phthalimide

43
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(%) was detected. An attempt to apply the Gabriel synthesis
for the preparation of (5) by condensing l-chloroanthraqui-
none with potassium phthalimide in dimethylformamide was

unsuccessful,

The reaction of g=phthaloyl chloride with l-amino=-
4~methoxyanthraquinone (19) in which the p=methoxyl will
increase the basicity of the amino group, was next studied.
The reaction of two moles of l~amino-4~methoxyanthraquinone
with one mole of s-phthaoyl chloride has been described
in the patent 11teratur‘7 and the bis amide structure (15)
has been assigned to the product. The reaction was repeated
and structure (1%5) was confirmed. In its mass spectrum it
resembled (3) in not showing the molecular ion, but a peak
at /e 383 corresponding to (16) and the base peak at m/e
253, corresponding to le-amino-4-methoxyanthraquinone. The
mass spectral fragmentation data for (1%) and other compounds

studied in the present investigation are given in Table 1.

However, when one mole of (14) was treated with
one mole of S~phthaloyl chloride, the product was not(15),
but (16) as shown by the IR, NMR and mass spectra. The IR
spectrum in nujol shows the absence of NH absorption, and
carbonyls are seen at 1782, 1760, 1714 and 1667 em™t, The
NMR spectrum (Fig. 4) in COCl, shows two distinct o-coupled
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doublets (J=9 Hz) at 2.44 and 2.67 and arec assigned to 2-H
and 3-H respectively. The remaining aromatic protons appear
as a complex multiplet in the region between 1.72 and 2.44.
The OMe singlet is seen at 5.87. The absence of bonded NH
absorption is noteworthy. The mass spectrum of (16) shows
the molecular ion (M? 383) as the yse peak. The peak at
m/e 253, corresnonding to l-amino-4-methoxyanthraguinone

is insignificant (2.0%) whereas it is the base peak in the
mass spectrum of (1%) (Table 1).

The condensation of one mole of leamino=2-methyle
anthraquinone (17) with one mole of (2) ylelded the corruse-
ponding phthalimide compound (18). The assigned structure
was based on IR, NMR and mass spectra. The NMR spectrum of
(18) inDCl; shows a low field g-coupled doublet (J=9 Hz)
at 1.° assigned to 4-H., The corresponding coublet for 3-H
is shielded because of the adjacent methyl group and is
merged in the complex multiplet in the region between 1.63
and 2.33 for the remaining aromatic protons. The 2-Me group
absorbs at 7.63.

When this work on the constitution of pigment (A)
was in progress, a pigment sample, Helio Fast Yellow E-~3R,
was kindly supplied by Farben Fabrikén Bayer. Colour Inded#,
3rd edition, 1971, mentions Helio Fast Yellow E-3R (Picment
Yellow 99) as belonging to anthraquinone class, but the

4b



0 NH,
0O OMe
(14)

(15)
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constitution has not been disclosed. The commercial
sample crystallised from CDCB in yellow microscopic
needles, decomposing at 340-42° with a red sublimate. The
IR spectra of Pigment Yellow 99 and pigment (A) were
identical in all respects. The identity of the two
pigments was further established by the ready hydrolysis
of the commercial sample to X-aminoanthraquinone (1) on
treatment with conc. sulphuric acid at room temperature.
The reductive methylation products of pigment (A) and CI
Pigment Yellow 99 gave superposable IR spectra. Helio
Fast Yellcw &3R (CI Piument Yellow 99) must therefore
have the structure (3). CI Pigment Yellow 123, more
recently marketed by an American firm, Inmont Corporaticn,
under the name Patrician Yellow 21-2817, has alsc baen
assigned the same structure in the Colour Index, «~dditions
and Amendments, 2, Jan. 1972. Since it is unlikely that
two commercial pigments having the same structure have two
different numbers in Colcur Index, a sample of Pigment Yellow
123 was cobtained from Inmont Corporation, New Jersey. It
crystallised from ODCB in reddish yellow microscopic needles
which decomposed at 340-42° with a red sublimate. It gave
an IR spectrum (Fig. 5) superposable with those of Pigment
Yellow 99 and pigment (A). The reductive methylation
products of the two commercial samples also gave super-

posable IR spectra (Fig. 6).

4
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The identity of the four pigments (A), (B),
Pigment Yellow 99, and Pigment Yellow 123, was further
established by the determination of the Xeray powder
diffraction patterns by Dr. A.P.B. Sinha and Dr. H.B.
Mathur of this laboratory. Pigment Yellow 123 is highly
crystalline with 15 diffraction lines., Pigment (B) is the
next in crystallinity with 9 diffraction lines, while
Pigment Yellow 99 and (A) have 6 and 5 diffraction lines
respectively. Plgment (A) with 5 diffraction lines has "d"
values very close to those of the very intense lines of
Pigment Yellow 123, but the observed differences are the
laxrgest for (A) as compared to (B) and Pigment Yellow 99.
Since the observed "d" values coincide for 2ll the samples,
they are chemically identical.

IR data of the compounds investigated in the
present work is given in Table 2.

5!



Mass spectral fragmentation data of Pigment (AJ

356 355 354 353 352 316
2 11 46 42 2 3
314 311 310 309 308 298
4 2 8 32 13 2
296 284 283 282 281 280
1 1 4 1 S 6
270 269 268 267 oo - 254
1 2 | 1 2 1l
252 251 250 241 240 239
3 2 1 1 2 1
227 226 22% 224 223 222
1 2 18 100 8
214 213 207 206 196 195
1 1 b | 1 2 10
193 182 180 179 178 177
1 1 i § 1 2 3
176 169 168 167 16§ 165
1 1 ) 11 7 3
163 152 151 150 148 146
h § 3 13 6 6 9
138 138 137 130 120.5 ll4
13 5 2 S 4 3
111.5 111 1095 104 77 76
4 4 9 22 12 56
Reductive methylat on product of Pigment (A.)

384 383 382 369 368 354
11 38 10 23 100 6
338 309 308 280 267 254
6 8 6 4 4 9
252 224 223 222 221 220
8 11 67 17 8 S
208 195 193 192 191.5 180
9 8 -3 3 6 S

- - -

TABLE =1
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238
221
194
176.5
164
140

113



Jable ) contd.
ne 178
I(%) )
n/e 167
(%) 11
m/e 152
I1(%) 10
n/e 130
(%) 8
m’e 113
1(%) 5
n/e 89
I(%)
n/e 384
I(%) 1l
n/e 324
I(%) 3
n/e 239
I(%) 12
m/e 211
I(%) 6
m/e 183
1(%) 5.5
n/e 164
(%) 9
m/e 138
I(%) 8.5
n/e 113
I(%) 6
m/e 384
I(%) 22.9

177 176.5 176
7 2 6
166 165 164
8 17 10
151 150 141
19 7 2
127 126.5 126
- 4 -
111 105 104
3 19 26
88 87 83.5
4 4 5
Compound (15)
383 366 355
45 6.5 6
309 308 254
4.5 4 19
238 236 235
40,5 10 7
210 208 207
34 7 6
182 181 180
31 S 9
154 153 152
8.9 9 11.9
137 130 128
6.5 9.5 8
105 104 102
13 31 8
Compound (16)
383 367 366
10 3 11

169

163

139

119

[
N

102

178

151
5.5
127
23.5
101
10

365
4.5

168.5

154.5

138

115

91
13
76

337
2
252
10.5
225
12
196
10
167
6.5
140

126

19
100

355

59

168
3

153
133
114

90

75
17

326
240
224
191.5
166
139

13
125

354
22.5



Table 1 contd.
m/e 337
I(%) 2

n/e 282
I(%) 2.5
n/e 227
I(%) 3.5
n/e 151
I(%) 3.5

326

281
2.5

2.5
139

324

280
2.5

2.5
138

310 309
3 S

253 240
2 2.5
191.5 180
6 S

137 130
2 4.5

- ——

239

164
4.5
105

o
,'.}

295
2.5
238
1.5
152
4.5
104
15




TABLE

-2

IR data (cm=1)

&
]}

Amide

Compound Imide Quinone NH
C=0 C=0
Pigment (A) 1710; 1683; 3250(b)
1635 1668
N-(l-anthraquinod 1786(w) - 1667 -
nyl )phthalimide 1762(w)
1724(s)
Reductive methyl=
ation product - 167%(s) - 332%
of (A)
(1%) - 168% 1667; 3150(b)
1640
(16) 1782(w)3
1760(w§f - 1667 -
1714(s
(18) 1784(w);
1759§w;; = 1667 -
1715(s
w - weak; s - strong; b - broad



EXPERIMENTAL

Preparation of pigment (A)

{=Aminoanthraquinone (10.6 g; 0.05 mole), COUCB (90 ml),
thionyl chloride (0.5 g) and g-phthzloyl chloride (10 g; 0.05
mole) were heated together with stirring during 3 hr. to 170°
and the mixture kept for 2 hr. at 175-80°, After cooling to
50°. the bright greenish yellow precipitate was filtered,
washed with ODCB and then with D’SO and dried (12.0 g).
Crystallisation from OOUCB gave bright greenish yellow micro=-
scopic needles, decomposing at 340-42° wigh the formation of
red sublimate. It was identified as (3) (Found: C, 75.03
Hy 3.9; Ny 4.9, CagHaN, 0 requires C, 75.0; H, 3.5; N, 4.9%).

i [e) B

{~Aminoanthraquinone (10.6 ¢g; 0.05 mole) in nitro-
benzene (180 ml) was heated with g-phthaloyl chloride (5.0 g}
0.025 mole) with stirring. The temperature was slowly raised
to 110° during 1 1/2 hr. and kept at 110° for 3 hr. The product
was worked up as in the above experiment., Decomposing at
340-42° with red sublimate. Superposable IR spectrum with f&yz(,?
Pigment (A).

SELZ:AminennxhsnggAnsnn
To a homogeneous solution of <-aminocanthraquinone

(5.6 g) and phthalic anhydride (3.0 g) in nitrobenzene (80 ml),



cakseky calcium oxide (0.5 g), urea (0.5 g) and phosphorous
oxychloride were added at~30°. The mixture was stirred and
heated to 110° during 3 1/2 hr., then maintained at 110°
for 2 hr. After cooling to 60°. the reaction mixturec was
diluted with methanol (50 ml). The reddish yellow precipi-
tate was filtered, washed with successively with methanol,
hot 1% hydrochloric ecid solution and finally with water
and dried at 90° (1.5 g). Crystallisation from ODCB gave
yellow microscopic needles (dec. 340-42%), identical with
Pigment (A).

Reductive methylation of picment (A)

The above product (2 g) was suspended in 10X awueous
sodium hydroxide (30 ml) and treated with sodium dithionite
(3 g). Dimethyl sulphate (6 ml) was added at room temperature
to the clear red vat and the mixture was kept on a shaker
for 30 min, Excess alkali and sodium dithionite were tested
as usual, The greenish yellow precipitate was crystallised
repeatedly from benzene; the greenish yellow lustrous plates
(1 g). had m.p. 2%3-54°% (Found: C, 74.4; H, 5.0; N, 4.3,
C40iaaliyOg Tequires C, 75.5; H, 5.0; H, 4.4%).

Purification of Helio Fast Yellow E-3R

The commercial sample was refluxed with ODCEB,
filtered hot and cooled cradually. The greenish yellow
microscopic crysials were filtered, washed with ODCB and



dried. Like pigment (A) the compound decomposed at 340-42°
with the formation of a red sublimate.

P P,

The commercial sample crystallisecd from QDCB in
_Egggigb_!gllgg'microscopic needles, which decomonosed with
the formation of 2 red sublimate at 340-42°,

i ] -
P i Yell -

Reductive methylation of the pigments (2.0 g) was
carried out as mentioned earlier. The products, after
crystallisation from benzene, had m.p. 253-54°, undepressed
on odmixture with the reductive methylated derivative of
pioment (A),

Alkaline hydrolysis of pioment (A)

The pigment {1 g) was refluxed with 10%¥ sodium
hydroxide in methyl cellosolve (ethylene glyceol monomethyl
ether ) (100 ml) for 30 min, After cooling to room temperature,
the red solution was diluted with an equal amcunt of water,
when a red precipitate separated., It was filtered, washed
with water and dried (0.75 ¢). Crystallisation from ethanol
gave red needles, m.,p., and mixed m.p. with €<=smincanthra~

quinone, 252-532,



Acid hydrolysis of piament (A)

The pigment (0.2 g) was dissolved in conc.sulphuric
acid (1 ml) and left at room temperature for an hour. After-
wards the red solution was poured into ice cold water and
the red precipitate was filtered, washed and dried(0.17 g).
The red needles from ethanol were identified as «<-amino=-

anthraquinone, m.p. 252-53%,

Similarly, Helio Fast Yellow E=«3R and Patrician
Yellow 21-2817 gave X~amincanthraquinone on treatment with

conc, sulphuric acid.

Agtion of heat on pigment (A): Preparation of ()

The pigment (1 g) was heated at xm 2 mm. pressure
for 3 hr. in a sublimation apparatus immersed in a2 metal
bath at 360°, The reddish yellow sublimate was collected
(0.8 g), extracted with boiling ethanol and filtered.
Crystallisation of the residue (0.4 g) from benzene cave
reddish yellow shining prisms, m.p. 296-98% identified
as (5). (Found: C, 74.4; H, 3.2; N, 4.5, CooHy | NO,
requires C, 74.8; H, 3.1; N, 4.0%).

Concentration of the ethanol solution gave red
needles (0.3 g), m.p. 252=53° of <=aminoanthracquinone.

-~



6

)

Prepaxation of morphanthridine=-6,ll-dione

To a mixture of conc. sulphuric acid (30 ml) and
methylene chloride (20 ml) was cooled to 18°, anthraquinone
(6 g) was added followed by sodium azide (2.2 g) in small
portions over a 1 hr, period at 20°. The reaction mixture
was stirred at room temperature for 3 hr., allowed to
stand overnight, and then poured over a mixture of ice
and water. The crude product was filtered, washe. and
dried (6.0 g). Crystallisation from acetic acid gave
colourless crystals, m.p. 246-47° (11t.l7 246.5-9%),

A-Nitro-4-methoxyanthraquinone

l=-Nitro-d~hydroxyanthraquinone (30 g) in dry
acetone (200 ml) wes refluxed with dimethyl sulphate(4O ml)
in presence of anhydrous potassium carbonate (120 g) for
24 hr., The solvent was distillecd off. The residuoy2;0ateﬁ
with water and left overnight. The solid was filtered,
washed and dried, extracted with chloroform (1000 ml). The
extract was concentrated and ccoled when yellow needles
separated (6 g), m.p. 266=68°, In the literaturo.lg it
is prepared by nitrating l-methoxyanthraquinone with one
mole of nitric acid, However, no m.p. is mentioned.
(Found: C, 67.4; H, 3.4; N, 5.0. C,5ligNOg requires
C, 67.1; H, 3.25 N, 4.9%).



A-Amino-4-methoxyanthraquinone (14)

1-Nitro-4-methoxyanthraquinone (6 g) was refluxed
with methanol (100 ml) containing sodium hydrogen sulphide
(4 g) for 2 hr. The solvent was distilled off, The residue
was taken in water and acidified. The violet precipitate
was filtered, washed and dried (4 g); violet necdles from
toluene, m.p. 185«86° (11t.20 m.p. 186°).

e & _J 6

1-Amino~-4-methoxyanthraquinone (2.5 g), COCB (40 ml),
thionyl chloride (0.1 ml) and s-phthaloyl chloride (2.2 g)
were heated together as in the preparation of picment (A).
The product was purified by chromatograpfly, and crystalli=-
sation from benzene gave yellow prisms, m.p. 270=71°,
(Found: C, 72.43 H, 3.7 N, 3.6, C23H15N05 requires
Cy 72.13 H, 3.43 N, 3.,73).

N,N'~-Bis(4~methoxy=)-anthraguinonyl Johthalamide (15)

g-Phthaloyl chloride (1.8 o) was added to a solution
of l~amino-demethoxyanthraquinone (2.7 g) in nitrobenzene
(30 ml) at 50° and the mixture was heated to 90-100° during
2 hr. The orange compound was filterei at 50° and %he dried
mixturexwas heatedxkax20x100° (2.0 ¢). Crystallisation

from ODCB gave an orange amorphous powder; m.p. 303-305°.
(Found: C, 71.4; H, 3.9; N, 4.9. C,,H,,0O N2 requires

382478
Cy 71.73 H, 3.8; N, 4,4%).



li={2=methyl=l-anthraguinonyl Johthalinide (18)

l-Amino=2-methylanthraquinone (11,8 g), ODCB(1%0 ml),
thionyl chloride (0.9 g) and g~phthaloyl chloride (10.5 g)
were heated together with stirring to 180° during 2 hr. and
maintained at 180% for 3 hr. After cooling to 50°. the

pale yellow solid was filtered, washed with ODCB and dried
€12.0 g). Crystallisation from benzene gave pale yellow
prisms; m.p. 253-54° (Found: C, 76.3; H, 4.0; N, 4.0,
C23H13N04 requires C, 76.6; H, 3,63 N, 3,3%).



2.
3.

4,

6.
7
8.
9.

10,

11.
12,
13.

14,

15.
16.
17.

13,
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P ART « III

THE ACTION OF THIONYL CHLORIDE ON

HYDROXYANTHRAQUINONES




JANTRODUCTION

In 1924 Grun1 reported the action of thionyl
chlcride on alizarin (1) and obtained thionyl alizarin (2),
which was stable under anhydrous conditions, but reverted
to alizarin in contact with moisture. He further studicdz
the action of boiling thionyl chloride on quinizarin (3).
The product (A), deep red needles, m.p. 225=226%, has the
molecular formula C14H7C103. Cn boiling with acetic
anhydride, alone or in presence of sulphuric acid, it
gave quinizarin diacetate. Quinizarin was obtained by
heating (A) with sulphuric acid or aqueous alkali. Oxidation
of (A) with alkaline potassium permanganate yielded phthalic
acid. The product of methylation with diazomethane was
not uniform and contained varying amounts of chlorine. It
differed in all these properties with l-chloro=4-hydroxy=-
anthraquinone (4), m.p. 193°. which gave quinizarin only
if heatecd with sulphuric acid and boric acid at 140° for
several hours. Chlorine in (A) behaved as in an acid chloride.
The deep red colour was in favour of an g-quinonoid structure.
Based on these findings, CGreen gave structure (5), 1O=chlcro-

l-hydroxy-4,9-anthraquinone to compound (A). Green2

found
that even prolonged reaction time did not give the dichloro-

compound (6).



Raudnit13 in 1929 studied the reaction of thionyl
chloride on quinizarin under pressure. He obtained Green's
compound (A) upto 120° even after 10 hours. Increase of
temperature up to 130° gave a8 red dichloro and a yellow
trichloro compound. Further increase in the temperature,
160% to 180° resulted in the formation of a compound
containing four chlorine atoms. The reaction of thionyl
chloride on quinizarin under pressure at 135-40° for four

dichloro
hours cave exclusively a/compound, ruby-red prisms, m.p.
241°, for which two structures (6) and (7) were considered.
Structure (7) was favoured on the basis of the following
chemical reactions. It was more stable to conc. sulphuric
acid than (%), and gave 2-chloroquinizarin (8) on heating
at 150°% for several hours. It was stable to hot asumm
aqueous potassium hydroxide in which &t did not dissolve.
The reaction with aromatic amines was rather slow when
compared with (A) and the same mcnoarylamino=chloro
product was obtained even on longer heating in presence

of boric acid.

Raudnitz> attributed the red colour of (7) to
its g-quinonoid character, the isomeric l-hydroxy=2,4~
dichloroanthraquinone is bright yellow.

In connection with a study of 1l,4~dihydroxy-
anthrone and lehydroxy=4,9=anthraquinone (9) Zahn4 reported

p)






that therc was perfect analogy between (A) and (9) in
their properties, supporting structure (5) for (A). He
prepared the monoacetyl derivative of (A) by cautious
acetylation in pyridine. Halogens were added in the 2,3~
positions to form dihalides of (A) and (9). Thus (%)
yielded (10), which easily cave off hydrogen halide and
chanced into (7). However, the compound obtained by Zahn
differed in its properties with the product described by
Raudnitz® as having structure (7). He repeated Raudnitz's
preparation and found that ourification via the acetyl
derivative yielded l-hydroxy=2,4-dichloroanthraquinone(ll).

Waldmann and Poppc5

obtained (A) in 12% yield by
heating maleic anhydride and 4=-chloro=le~naphthol in alumi-
nium chloridevsodium chloride melt at 180-220°. Although
this reaction should normally yield (12), Waldmann assumed
that the product had the structure (5) as the result of

"a shift of the hydroxyl hydrogen®™. The formation of
quinizarin from maleic anhydride and l,4-dihydroxye
naphthalene was cited in suprort.

Recently Winkler6 synthesised naphthacenequinones

(14) by the Diels-Alder addition of (A) and 1,3-dienes.
The adducts (13) were dehydrogenated to known and new

hydroxynaphthacenequinones.
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PRESENT _WORK

An attempt is made in the present work to
reinvestigate the reaction between quinizarin and thionyl
chloride and the constitution of the product (A). If (A)
is representec as (5), the NMA spectrum should show an AB
pattern for the 2,3~protons of ring C as the two protons
are nonequivalent, Two distinct o-coupled doublets should
be seen separated by about 1 ppm. On the other hand, if

OH Q
I
SO
cl 0
(12)

(12)
(A) has the structure (XXX), one would expect a singlet

for the 2,3=protons.

Product (A), prepared according to Creen® was et

sparingly soluble in solvents, such as CDCI3 and acetone, 2005
but had adequate solubility in arsenic trichloride for
determining the NMR spectrum. In the NMR spectrum (Fig. 1)

of (A), the 2,3-protons do not appear as two g-coupled
doublets, but as a two proton singlet at 3.03. The

remaining two <=protons and two feprotons of ring A,

which form an A282 system appear as two multiplets centered
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around 1.55 and 2,23 respectively. In quinizarin the
two =protons and two f-orotons of the unsubstituted ring
are seen as two multiplets at 1.81 and 2.15 respectively.
The bonded hydroxyl group in (A) appears at =4.53. On
che basis of the NMR spectrum of (A), structure (%) was

)7
ruled out. ( x@'/f

The complex/%&&&i&n of the reaction of thionyl
chloride with quinizarin was well understood when the
rezction was carried out for several hours. Different
products were obtained dependent upon the time of treatment.
After 24 hours, only 40% of (A) was obtained. Column
chromatography of the methanol extract of the residue gave
yellow needles, m.p. 190-91°, C aHg0Cla, vmax. 1666 e
(quinone C=0). Analysis showed the presence of two chlorine
atoms, The NMR spectrum (Fig. 2) of the dichloro compound B
in CDCl, shows a two proton singlet at 2.37 assigned to d Arliz-
the 2,3-protons. The 2,3-protons of ring C in (A) appear ~
at 3.03 because of the interaction of arsenic trichloride
with l,4~carbonyls. The two 2-proton multiplets are seen
at 1.82 and 2.18 (X« and f=H in ring A). Thus the compound
has structure (6) which Green? did not obtain.

Althouch the NMR evidence supports structure (12),
it is difficult to explain its formation unless one under-
stands the behaviour of quinizarin in various chemical

reactions, particularly its behaviour on reduction and its
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reaction with primary amines.7 in which quinizarin behaves
predominantly as 9,10-dihydroxy-l,4-quinone (15). Quinizarin
did not react with sulphuryl chloride which was unexpected
on the basis of structure (3). It is reported8 that the
prolonced reaction of quinizarin with excess chlorine in
glacial acetic acid gave the dichloro compound (17) in
which the chlorine adds on the double bond at the angular
carbon atom. These are some of the reactions cited for
the)ﬂlual behaviour of quinizarin. The probable reaction
of (15) with thionyl chloride to give (12) is through the
formation of a chloro sulphite (16), a vinylogous ester,
which on further heating decomposes through a cyclic
intermediate as depicted in Chart 1. The chlorosulphite
intermediate(16) breakdown is an "internal return" reaction
which is normally observec in the reaction of alcochols with
thionyl chloride to yield the corresponding alkyl halides.
If excess of hydrogen chloride is formed in the reaction

by the initial condensation of the 9,10=-dihydroxy=l,4-
anthraquinone and thionyl chloride, an ordinary displacement
reaction may also take place. If the reaction is stopped
at an intermediate stage, the product is predominantly (12)
with traces of (6), and if the reaction is carried out for
a prolonged time, the main product is (6). However, the
second mode of reaction, as shown in chart 2, is unlikely

and hydrogen chloride gas when formed in the reaction is

72
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CHART 1
O OH OH ?
0 —— U —
O OH OH O

(3) (15) socl,




CHART 2

CHART 3

-HCI



driven out of the solution and its ionisation in the

reaction medium is not favourable.

Greonz

suggested that the carbonyl oxygen atom

is replaced by two chlorine atoms (chart 3) in the first
step and in the second step, one of these chlorine atoms
combines with the hydrogen atom of the neighbouring hydroxyl
group giving hydrogén chloride and product (A). However,
this was ruled out by him as the 1l,4~diacetoxyanthraquinone,
anthraquinone and l-hydroxyanthraquinone did not reactg'lo
with thionyl chloride. In this connection, the claim of

a recent pat.ntll which describes the preparation of
lehydroxy~2,4=dichloroanthraquinone (11) in 80% yield

by refluxing quinizarin and thionyl chloride in dimethyl
formamide is noteworthy.

Structure (12) also finds powerful support from
two considerations: (a) the obviously higher resonance
energy of (12) in comparison with (%), because the former
contains an additional aromstic ring; and (b) anthra-4,9%-
quinone has not been isolated so far. Even an attomptlz
to prepare the extended quinone system, anthra-l,S5-quinone
(18) by mild dehydrogenation of 1,5-dihydroxy=2,6-dimethoxy~
anthracene resulted in the formation of S5~hydroxy-6-methoxy=-
1l,2-anthraquinone.
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Grecn2

treaotment with ethanol and hydrogen chloride. The prepa- |
ration of this compound (B) was repeated and it was found
that the NMR spectrum (Fig.3) of (B) in CDCl, shows the
following signals: A 3-proton triplet (J=7 Hz) and a
2-proton quortet (J=7 Hz) at 8.5 and 5.78 are assigned to
OEt. The four protons eof ring A appear as an & A282 pattern
at 1.82 and 2.25 and the chelated hydroxyl at «2.87. The
2,3~-protons of ring C are seen as two o-coupled doublets
(J=9 Hz) at 2.6 and 2.8 unexpected on the basis of ;'
structure (19) for (B). This an?m;i& is probably due to
steric effects resulting in slight variation in electron
densitites at 2 and 3 positions. This conclusion is
substantiated by acetylating compound (B) in which both “
9 and 10 positions are substituted:; the 2,3-protons, now /
are secn as a singlet at 2.68 (Fig. 4). The @-acetyl
derivative of (19) was obtained by acetylating with acetic

anhydride in presence of pyridine.

The @~acetyl derivative (21) of (A) which Green?
failed to get has been reported by Zahn.4 and was prepared
in the present work. Its NMR spectrum (Fig. 5) in CDCl; )

shows the 2,3-protons as g-coupled doublets as in the NMR

spectrum of (19).

Incidentally, the NMR spectrum of l,4=anthraquinone
(22) has not been reported so far, its preparation from

was able to replace Cl by OEt in (A) by )

L

¥
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13 In arsenic

quinizarin has been recently described.
trichloride, a singlet appears at 3.0 for the 2,3-protons,
in agreement with the value (3.03) for the corresponding

protons of (A) supporting structure (12).

Similar l,4-quinone system as in (12) was
obtained by a study of the action of thionyl chloride on
6,7-dichloroquinizarin (23). 6,7-Dichloroquinizarin was
preperedl‘ by condensing 4,5-dichlorophthalic anhydride
with hydroquinone in aluminium chloride-sodium chloride
melt at 220°, The product, obtained by refluxing (23)
with thionyl chloride, consisted of red needles, m.p. |
266=67°, C,,HeCl404, had the structure (24); the NuR LH ¢
spectrum in arsenic trichloride shows a 2-proton singlet
at 3.0 for the 2,3«protons.

Cearylation of 1,4-diaminoanthraquinone through
the bis~-sulphimide (25) has been described in a recent
patent.15 Addition of anisole to (25) can be effected by
anhydrous aluminium chloride at about 10°, Repetition of
this reaction on (12) resulted in a Friedol-Cra(ts<é§i}i§§§ﬁ)
with the formation of (26). The NMR spectrum (Fig.6) of (26)
in CDCl, shows two g-coupled doublets (J=9 Hz) for the 2,3 ||
protons at 3 and 3.27. The four protons of the anisole p K
nucleus appear as a singlet at 2.93. The mass spectrum -

(M¥ 330) and elemental analysis agree with structure (26).
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(18)

OAc O

(21)

(24)

Q%
0" N

7~

N
O\soz
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The chemical shifts of the protons of the
compounds studied in the present investigation are
tabulated in Table 1.

JABLE 1
Compound Solvent %(R?t;“ gﬂ:ity r;or; t::. Assignments
(6) CCl, 2,37 < 2 2,3~H
2.18 m 2 6,7-H
1.82 m 2 5y8«H
(12) AsClq 3.03 5 2 2y 3-H
2.22 m 2 6,7=H
1.55 @ 2 5,8«H
-4,53 S 1 9«0OH
(19) CDCl, 8.5 t 3 i 10-0Et
5.78 q 2
2.8 d(J=9 Hz) 1 ‘ 2,3-H
2.6 d(J=9 Mz) 1
2.25 m 2 6,7-H
1.82 m 2 5,8=H
-2.87 3 1 9=-UH
(20) CCl, 8.5 t 3 ; 10=0E¢
5.77 q 2
7.57 s 3 9=COCH4
- 2,68 s 2 2,3~H
2. 27 m 2 6,7«H
1.83 m 2 5,8=H



Iable 1 contd.
(21) CDCl

(24) Assla

(26)  cxcl,

7.4

3.08
3.0
2,0-2,33
1.83
1.33

3.0

2.53

2.42
-4.47

6.1

3.27

3.0

2.93

2,23-2,7%
-4,1

d(J=9 Hz)
d(J=9 Hz)

o B o a o o
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9-COCH
2,3=~H
6 ’7.‘H

8-H
S=H

2,3=H
SeH
8-H
9-0H

4'-QMe
243~H
2"3' ’5' .6"“

$,6,7,8=H
9-0H




EXPERIMENTAL

10-Chloro=-9~hydroxy=1,4=anthraquinone (12)

Quinizarin (1 g) was refluxed with thionyl
‘chloride (15 ml) for 8 hr., solution occurred after a
few minutes. The deep red liquid was concentrated to
half bulk. On cooling it deposited fine, dark red
needles (0.8 g), m.p. 225.226° tlit.z MePoe 225-226°),

Qhinizarin (30 g) was refluxed with thionyl
chloride (120 ml) for 24 hr. The deep red liquid was
concentrated to half bulk. On cooling, dark red micro=
scopic needles separated, which were filtered, washed with
dry benzene and dry ether; yield 13.0 g., m.p. 275267,
identifie” as (12).

The mother liquor and washings were mixed and
distilled under reduced pressurd. The residue was tritu-
rated with a small amount of dry ether, and the brown
amorphous product (17 g) collected. When 1 g. of the
product was extracted with boiling methanol (200 ml) and
the extract concentrated (50 ml), a yellowish red compound
(0.6 ¢g) separated on cooling. Chromatography on a silica

gel column and benzene-hexane (60:40) gave 9,10-dichloro=



l,4=anthraquinone (0.3% g), yellow needles from methanol,
m.p. 190=91° (Found: C, 60.8; H, 2,1; Cl, 25.2. C, 4165120
recuires C, 60,43 H, 2.2; Cl, 25.6%),

10-Ethoxy=-9=-hydroxy=1,4~anthraquinone (19)

10=Chloro=l~hydroxy-4,9-anthraquinone (2.5 g)
was refluxec with ethanol (200 ml) containing 3% dry
hydrogen chloride for 4 hr. The red solution became dark
green and flourescent., The hot solution was filtered,
concentrated and cooled. The product, purified by column
chromatography on silica gel and benzene. Crysta}llsed
from ethanol in orange-red needles, m.p. 144~45° (11t.2 135°)
(Found: C, 72.0; H, 4.6, C1eH}20,4 requires C, 71.6; H, 4.5%) .

10~Ethoxy=9=acetoxy-1,4~anthraquinone (20)

Treatment of (19) with pyridine and acetic anhydride
at room temperature and crystallisation from methanol gave
yellow needles, m.p. 150=-51° (Found: Cy, 69.5; H, 4.4.

C, gt} 40 Tequires C, 69.8; H, 4.5%).

9-Agcetoxy=10~chloro=1,4=anthracuinone (21)

A mixture of acetic anhydride (% ml), pyridine
(5 ml) and (12) (0.5 g) was heated at 60-70° until a clear
solution was obtained. It was cooled immediately to room

temperature and poured into ice water. The yellow precipitate



crystallised from benzene~hexane in yellow microscopic
needles, m.p. 196-97° (1it.4 196-97°).

L -'Jam -

Anhydrous aluminium chloride (1 g) was dissolved
in anisole (3 ml) at 50°. The solution was cooled to 10°
and treated with (12) (1.0 g). A violet solution was
formed. The reaction mixture was kept on a shaker for
an hour at room temperature, treated with hydrochloric acid
(40ml), aend heated on a water-bath for an hour. The product
was taken up in ether (100ml), and crystallis ation from
benzene gave reddish brown lustrous prisms (0.5 g), m.p.
212-13% (Found: C, 76.7; H, 4.5. C, H, 0, requires C, 76.4;
Hy 4.2%).

6.7,40=-Trichloxo-9=hydroxy~1,4-anthraquinone (24)

6,7=Dichloroquinizarin (2 g) was refluxec with

R7

thionyl chloride (25 ml} for 24 hr. The product crystallised

from benzene in red needles (1 g), m.p. 266=67° (Found:
C, 51.6; H, 1.8; Cl, 32,0, C14H503(:13 requires C, 51.5;3
He 193 Cl, 32.2%).
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INTRODUCTION

The g~triazine ring provides a useful chromophore
insulating group in the synthesis of dyn.l Cyanuric
chloride (1) which has been known for over eightyyears,
is a remarkable substance with tremendous potentialities
as an intermediate for the synthesis, because the three
nitrogen atoms in the aromatic ring system render the
three chlorine atoms highly labile and readily susceptible
to nucleophilic substitution. Thus it can be condensed
successively with three amines, alcohols or phenols in
presence of a base. The reactivity of the three chlorine
atoms in cyanuric chloride, which has been used in recent
years with spectacular success for the production of dyes
("reactive dyes") which enter into covalent combination
with cellulose, enables a wide variety of dyes of the
general typifgo be built up.2 '

As early as 1901, Pellizari and Roncaglilo3
reported the condensation of dicyandiamide (3) with
guanazole (4). The assigned structure (%) to the
condensation product was subsequently revised by Kaiser
j&_‘l.‘ and structure (6) was assigned to it. This was
the first representative of 1,2,4~triazolo(4,3-a3)-g~triazine
(7) ring system. The synthesis of eight compounds of this
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bicyclic ring system (7) have been described in the
chemistry of "g-triazine and dcrivativ“".5 In general,
these compounds were synthesised by mixing and heating
dicyandiamide (3) and 1,2,4=triazole derivative (8) where

R is an aliphatic or aromatic radical. The structures
assigned ¢o these compounds were only tentative as the
products are either 1,2,4~triazolo=-g-triazines or 1,3,4~
triazolo=g-triazines. Recently, the synthesis of
derivatives of (7) by treating dicyandiamide with hydrazine
hydrate has been reported.7

The synthesis of g-triazolof4,3-al-g-triazine,
starting from g-triazines on which the g-triazole ring
was built, dates from 1966. In that year, Tisler and

co-'orkeroa

reported the preparation of 3ephenyle5,7=-
bismorpholino=-g-triazolo[4,3-al-g~-triazine (10) by
subjecting the corresponding benzylidene derivative (11)
of 2«hydrazino=-g-triazine to oxidative cyclisation with
lead tetraacetate or bromine. However, the oxidative
cyclisation of the corresponding ethylidene derivatives
resulted in the formation of a mixture of compounds from
which an analytically pure compound could not be obtained.
Employing the above method, the oxidative cyclisation of
benzylidene derivatives of unsymmetrically substituted

2-hydrazino=-g~triazire s were also stud10d9 by the same
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workers. They also observed that the oxidative cyclisation
of 2«benzylidenchydrazino-g-triazines afforded mainly the
3-phenyl-g-triazolol 4,3~a]-g-triazines and under the
experimental conditions there was no eventual isomerisation
to the g~triazolo[2,3-a)-g-triazine (12) (nomenclature
according to Ring Index).

The known representatives of g-triazolo[l,5-a)«g-
triazinesystem (12) (nomencdature according to Chemical
Abstracts) were synthesised in 1970 by Bokaldere and
Grinshteins.lo They synthesised 2-substituted 7-amino=-
1,2,4~triazolo[1l,5~a)=g-triazines (12; RZ-H. R:":Nl»'lz;

Ra-Mo. Et, Pr, Ph, anQOC6H‘) by the reaction of 3-substi-
tuted-5-amino=l-guanyl=l,2,4~triazoles (13) with ortho-
formic ester or 100% formic acid. Few g~triazolo[l,3-al-
S~triazines were preparodu starting from 3-amino-g-
triazole (14) by the route mentioned in Scheme 1, using
diethoxymethyl acetate (DEMA) as condensing agent. However,
the addition of either isocyanate or isothiocyanate to (14)
is a complicated reaction as theoritically four mono
substitutéd products are possible depending upon whether
the addition taken place at the amino group or at one of
the three different ring nitrogens.
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PRESENT __WORK

Preliminary work in this laboratory has shoun12
that intermediates such as (17) can be used for the
preparation of (a) azo dyes such as (21); and (b) inter-
mediates with an additional ring system (e.g. pyrazolone)
for constructing more complex dyes or more effective

colour insulators than the parent triazine.

When this work was iniated, the few known Z{V/
s-triazolc[4,3-al~g-triazines were prepared from
substituted triazoles and dicyandiamide as reviewed in

the introduction. Failure to obtain the 3=-alkyl-s-
triazolol4,3-a)-g~triazines by Tisler et 31.8 by the
oxidative cyclisation of ethylidene derivatives of
2-hydrazino-g=triazine led us to investigate this problem.
In the present work, 3~alkyl and 3-phenyl-g-triazolot4,3-al-
S~triazines were synthesised and their isomerisation to
s-triazololl,5~a)-g~triazines (Chemical Abstract nomen-
clature is being followecd in the present work) was

studied. The present work dealt with symmetrically
substituted 2-hydrazino-g-triazines (17). The 2-hydrazino-
g~triazines (17) were readily prepared by the reaction of
4,6-disubstituted-2-chloro=g~triazine with alcoholic

hydrazine hydrate in excess. The first 2-hydrazino-g-



triazine prepared in the present investigation was
2-hydrazino-4,6-bis(dimethylamino)=g-triazine (17a),
which was obtained by refluxing the 2-chloro-4,6~bis
(dimethylamino)=g~triazine with hydrazine hydrate in
ethanol, 2-Chloro-4,6~bis(dimethylamino)-g~triazine

was prepared from cyanuric chloride by the replacement

of two chlorine atoms by dimethylamino groups.

An attempt to prepare the 5,7-bis(dimethylamino)
s~triazolo[4,3-a)-s-triazine using ethyl ortho-formate
as a condensing agent was unsuccessful. The analogous
s~triazolo[4,3-a) pyrimidines (22) have been proparodm’14
by cyclisation of 2«hydrazino pyrimidines (23) with ortho=-
esters. It has been observed in the literature that
2-hydrazinopyr1din¢sls and 2-hydrazinopyrimidines undergo
ring closure with extreme ease in presence of carboxylic

acids, acid anhydrides or esters.

Treatment of (17a) with acetic anhydride in
presence of pyridine gave the iris-acetamido derivative
(24) and not the expected 3~-methyle5,7-bis(dimethylamino)
g-triezolo(4,3-a3)=g-triszine (19a). The assigned structure
(24) was based on the NMR spectrum in CDCl3 which shows
three singlets at 6.86, 7.16 and 7.6% integrating for
12, 3 and 6-protons respectively. The singlets at
7.16 and 7.65 can be assigned to three acetyl groups



attached to the nitrogen atoms of the hydrazine moiety.
Elemental analysis and molecular weight (M: 323) confirmed
the structure (24). The hydrazine (17a) when boiled with
acetic acid gave a compound, m.p. 175=76° and analysed

for C9H17N70. IR spectrum in nujol mull shows a

characteristic peak at 168% et

assigned to C=0 band.
Thus the compound was identified as the hydrazide (18a)
and not the bicyclic product (19a). The isolation of the
uncyclise : hydrazide (18a) indicates that a dimethylamino
group at 4- and 6-position of the g~triazine nucleus is
bulky enough to provide some steric hindrance to the

ring closure reaction. The formation of uncyclised
intermediate like (18a) was also observed in the

pyrtmidinelg'zo series.

An attempt to cyclise (18a) by refluxing in
anhydrous benzene with p-toluene sulphonic acid resulted
in the quantitative recovery of the starting material.
Upon refluxing (18a) in dimethyl sulfoxide (DMSO), a
compound, decomposing at 315-16°. was obtained. IR
spectrum of the DMSO reaction product in CHCl, shows a
peak at 1682 cn'l. which revealed the presence of a
carbonyl group, unexpected on the basis of the bicyclic

product (19a).
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Cyclodehydration of (183) was effected by
refluxing with phosphorous pentoxide in anhydrous
xylene for 20 hrs. After removal of the solvent, the
residue was dissolved in water and the acidic solution
was made alkaline with 40% aqueous potassium hydroxide.
The compound (A), obtained, was crystallised from
petroleum ether (60-80°) in colourless needles, m.p.165°,
Molecular weight (M7 221) and elemental analysis agreed
to the molecular formula CyH, N,. IR spectrum of (A) in
CHCl3 shows the absence of carbonyl group. NMR spectrum
(Fig.1) of (A) in CDCl, shows three singlets at 6.52 (6H),
6.81(6H) and 7.6(3H) assigned to big-(dimethylamino~) and
C-Me groups respectively. Thus compound (A) is a bicyclic
product, but two structures (19a) and (20a) were considered
for it, because under the experimental conditions there was
every possibilisy of isomerisation of (1@a) to (20a).
Similar isomerisation in dilute acid, base or merely by
the application of heat have been reported in the g-triazolo
{4,3~a) P‘Iridim21 (25) and_g-triazolo[4.3-c]22-pyrimidinos
(26) and [4,3-a) pyrimidinesle'lg'za'z‘ (22) series.

An attempt was made to syngthesise (19a) under
the condit ions where the eventual isomerisation to (20a)
does not take place. The oxidative cyclisation of the
ethylidene derivative (27) of 2-hydrazino=-g-triazine (19a)

98
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usinog lead tetraacetate in benzene at 20-30° gave a
mixture of products, a reaction which has been reported

earuer.8

The authentic representatives of (20) were
preparodlo'll by utilising the g~triazole nucleus and
bailding up the g~triazine portion of the fused ring
system. However, these methods involved the formation
of & mixture of compounds. 30 it was thought that any
variation of the reaction conditions in the cyclodehydration
of (18a) with phosphorous pentoxide might lead to the
isolation of two compounds. Thus instead of making the
reaction mixture strongly alkaline with potassium
nydroxide, the acidic solution was brought to nearly
neutral (pH 6«7) by adding a saturated solution of
aquew us sodium carbonate. The product wa thus resulted
showed to be 3 mixture of two compounds on thin layer
chromatography (TLC) (silica gel = CHCl,, MeOH; 95:5).
They were separated on a silica gel column using the
samne solvent system. The fast moving compound was found
to be identical with product (A) and the slow moving
product (B), m.p. 186-87° (Mt 221) is an isomer of (A).
The NMR spectrum (Fig.2) of (B) shows also three singlets
for the methyl groups as in (A), but their chemical shifts
have shown slight variations. The singlets in the NW¥R
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spectrum of (A) are seen at 6.52 (6H), 6.81(6H) and
7.6(3H), corresponding to both bis(dimethylamino) and
C~Me groups respectively. The corresponding signals in
(B) (Fig.2) 2re at 6.81, 6.96 and 7.28. While the
chemical shift of one of the big-(dimethylamino) groups
remained same, the oth:r has shif¢ed significantly townards
higher field in (B) compared to (A), but the CeMe group
suffered a down-field shift in (B) (0.3 ppm) compared
with (A)., However, on the basis of NWMR spectra, it was
difficult to assign the correct structure either to (A)

or to {(B). The only available 11terature25

on the proton
megnetic resonance data for g-triazolofbd,3-a) pyridine
(2%) and g-triazololl,5-3) pyridine (28) did not help

much in assigning the correct structure to (A) or (B).

It has been observadla'19’22.24'26 in the related
g~triazolo azines, the isomerisation of [4,3-a) derivatives
to [1,%-a) derivatives can be effected by dilute acid, base
or by heat. This fact was utilisec in assiqgning the correct
structures to (A) and (B). The compound (B) readily
underwent a thermal rearrangement above its m.p. and the
product obtained was identical in all respects with (A).
Compound (B) also isomerised to (A) in 2% aqueous sodium
hydroxide at room temperature. This type of isomerisation
in g~triazolol4,3-al-g~triazine derivatives was predicted
by Guerret 31‘11.27 and observed by Tisler.? The isomeri-
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sation of (20a) to (19a) is not favoured indicating

that compounds of type (20a) are most stable to acids,
alkali and heat. Thus the compounds (B) and (A) were
assigned the structures (19a) and (20a) respectively.
The big (dimethylamino) group at position 5 can only
show different chemical shifts in both the isomers and
not at position 7. However, it is difficult to draw any
conclusions regarding their structures from the NMR data,
but one can suggest that the C-Me in structure such as
(19a) should appear at downfield compared with structure
(20a), and is the case in these products.

With the object of examining the utility of NMR
spectroscopy in assigning the correct structures to isomeric
compounds in the s~trigzolo-g-triazine series, two more
2-hydrazino-g-triazines (17b) and (17c) were prepared in
the present investigation. Neacetyl-2-hydrazino-4,6-
bismorpholino-g~triazine(18b) was prepared by refluxing
(17b) with acetic acid. Cyclodehydration of (18b) gave
a mixture of two compounds (19b) and (20b). The assigned
structures (19b) and (20b) were further confirmed by
thermal rearrangement of (19b) to (20b) at 300° in 60% yieldi.

=3
In the NMR spectra of (19b) and (20b) in CiCl,
the 3-Me group absorbs at 7.31 whereas the 2-Me im the

N
o
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isomeric compound (20b) is seen at 7.6, a shift of about
0.3 ppm high-field. Similar phenomenon was also observed
in (19a) and (20a). Out of the eight methylenes present
in the bis-morpholine groups, six methylene groups appear
as a multiplet around 6.18 in (19b) and 6.18 in (20b).
The remaining two methylenes are seen at 6.5 in (19b)

and 5.72 in the corresponding isomer (20b) and can be
assigned to two methylene groups attached to the nitrogen
of the morpholine group at 5 position.

The -NMe, substituents in (190) appear at a higher
field comparec with its isomer (20a) and this shift can be
attributed to the steric interaction between the two
substituents at 3= and 5~ positions resulting the
substituent at 5= going out of plame, while in (20a)

‘there is no methyl group at 3-position, and no significant
steric interaction is anticipated. Such steric interaction
between the substituents at 3= and S5-positions have been

observed in other heterocyclic systems?5'27'28

Similarly the cyclodehydration of Neacetyl-2-
hydrazino-4,6-big~piperidino=g~triazine (18¢) afforded
(19¢) and (20c). NMR spectra of the both the isomers
were determined in CDCl, and the chemical shift of the
protons are in agreement with the earlier observation
(Table 3).
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The mechanism of cyclisation of Neacyl derivatives
(18) of 2-hydrazino-g-triazines (17) involves the initial
formation of the tautomeric compound (30) which undeérgoes
cyclodehydration as shown in Scheme 2. The ease of ring
closure may be related to the bbsic strength of the
S-triazine nitrogen atom since the ring closure should
involve the attack of an intermediate carbonium ion (31).
Because of the presence of three electronegative nitrogen
atoms in the arcmatic ring system, the triazine ring is
readily susceptible to nucleophilic substitution. Since
the formation of the bicyclic nucleus involves an electro=-
philic attack upon the triazine ring, stronger dehydrating
agent like phosphorous pentoxide is requirec for cyclisation.

Generally, the rearrangement of g-triazolol4,3-al-
g~triazines into g-triazolo-[l,5~a)-g-triazines by acid,
alkali or heat is termed into Dimroth type rearrangement.
"The term Dimroth rearrangement was coined in 1963 as a
convenient way of referring to an isomerisation proceeding
by ring fission and subsequent recyclisaticn, whereby a
ring nitrogen and its attached substituent exchanged

places with an imino group in the X-position to 1t."29

In a recent review on Dimroth-type rearrangements

in polyazaindolizine systems, Gurn;g&.31.27 have predicted
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that g-triazolol4,3-a)~g-triazine should rearrange to
g-triazolo[l,5=al-getriazine. In the present work,
Dimroth-type rearrangement in g-triazolo=-g-triazines

has been proved experimentally. The thermal rearrange-
ment of [4,3=a3) derivatives into [1,5~a) derivatives can

be explained by assuming the formation of a zwitterionic
intermediate (3%) (Scheme 3) by the rupture of the 4,5
bond in the limiting stage (38), followed by ring closure
to give isomer (20) analogous to the triazolopyrimidines.z‘

The facile Dimroth-type rearrangement in 2% alkali
even at room temperature is not unexpected on the basis of
the structure of bicyclic nucleus (19), It is generally
accepted that the[l,5-a]derivatives were obtained by the
fission of the azine nucleus at the junction with position
4 of the triazole ring and subsequent ring closure at
position 2. In the bas_e catalysed rearraggement, the
initial step involves nucleophilic attack at position 5
by hydroxide ion (scheme §). Thus the initial step im
dependent on the v electron density at position 5.
Electron densitites of 2 number of polyazaindolizine
systems at position 5 have been calculated27 using HMO
method and it was found that an extra nitrogen atom at
position 6 or 8 renders $-position more electrophilic;
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moreover an extra nitrogen atom at position 2 decreases
the 77 electron density at position 5. In the g-triaszolo
[4,3-3)~s-triazine (19), the nitrogen atoms at position
2,6 and 8 de€rease the 77 =electron density considerably
when compared to other similar heterocyclic systems
(Table 1). The decreased 77 -electron density at
position 5 in the triazolo triazine series enhcnaces the
nucleophilic attack by hydroxide ion. Following hydra-
tion, the six membered ring undergoes tautomeric ring

10%

opening; the intermediate (36) then recyclises to give(20).

There is another factor, steric in nature, which plays an
equal role in the isomerisation of [4,3-a) derivatives
into [1,5-a) derivatives. We have already seen from the
NMR study, that there exists a steric interaction between
the two peri groups at 3- and 5-position of the bicyclic
nucleus (19). The formation of the hydrated compound (35)
with a subsequent change in hybridization of carbon $
diminishes the steric interaction between the 3 and 5
substituents, thus stabjlising (3%) and (37), when
compared to (19) and (20) respectively. Then, the ring-
chain tautomeric fission of the 4,5-bond is more likely
to occur in (3%) than in (37) because of the residual
interaction between the 3= and S-substituents (scheme 4).
The initial hydroxide ion attack at position 5 finds some



T AB -

Electron Density Calgulations

Polyazaindolizines

calculation.

TT=Electron density at
position 5 by HMO

Iimidazo[l,2-alpyrazine
Imidazoll,2-alpyridine
Imidazoll,2-al)pyrimidine
s-Triazolo[l,5~alpyrimidine
8~Triazolol4,3-alpyrimidine
Imidazoll,2=clpyrimidine
s-Triazololl,5¢)pyrimidine
s-Triazolol 4,3=clpyrimidine
Imidazoll,2=a)=g-triazine
s-Triazololl,5~a)-g~triazine
s~Triazolo[4,3«a]-g~triazine

- o - -

0,826
0.819
0.711
0.68%
0.667
0.626
0.631
0.597
0.528
0.520
0.484

.- e

109



] ARAl

support from the fact that the Dimroth-type rearrangement
was not observed in ge-triazolof4,3-a) quinoxaline ser10126
(38) which was expected since the S-position of the pyrazine
nucleus is part of the fused benzene ring. It is observcd29
that the adiition of electronedonating substituents
diminishes the rate of Dimroth rearrangement, However, in
the g-triazolo[4,3-al-s~triazines (19), although the
substituents at 3= and S=position are powerful electron
donating groups, the rate of rearrangement is not

diminished.

The same procecdure of cyclodehydration was
extended further to other Neacyl derivatives of (17).
The formyl derivatives (39) of appropriately substituted
2-hydrazino=g~triazines were prepared by boiling the
hydrazine with 854 formic acid. The action of formic
acid with the analogous 2-hydrazinopyrimidines has been
otudied‘la'ao'32 and the bicyclic products of type (29)
are obtained. However, in the presdnt work, the uncyclised
hydrazides are obtained in quantitative yield even after
boiling for 2 hr. with formic acid. S5imilar observation
was made earlier by Tislerf* The hydrazine (17a) gave
the corresponding N-formyl derivative (39a) at room
temperature with evolution of heat on treatment with

85% formic acid.
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However, the cyclodehydration of (3%9a), (39b)
and (29¢) afforded mainly to the corresponding g~triazolo
[4,3«2) derivatives (40a), (40b) and (40c) in 6%, 37 and
58% yleld respectively, and the corresponding isomeric
products (4la), 41b) and (4lc) formed in very minute
amount as detectec by TLC of the mother liquors. Thermal
isomerisation of (40a) and (40b) involved the decomposition
of the product. However, they can be isomerised by trcatment
with 2% methanolic sodium hydroxide solution at room
temperature. Isomerisation of (40a) to (4la) was effected
in 2% methanolic sodium hydroxide. Refluxing in 2¥ methanolic
sodium hydroxide resulted in the fission of (4la).

In the NMR spectra of (40a) and (4la) in CDCl,,
the 3-~proton appears as a broad singlet at 1.47 and the
corresponding proton in the 2-position of (4la) is seam
at 2.1, The methyl groups corresponding to the big-
(dimethylamino) group at 7-position are seen almost at the
same place in both the isomers. The methyls of the NM02
group at Se-position in the two isomers appear at 6.62
apd 6.47 respectively for (40a) and (4la) indicating that
the shift is not very much compared with the corresponding
methyl compounds substantiating the earlier observation.

The reaction of 2=-hydrazino-g-triazines (17) with
an equimolar amount of benzoyl chloride in dry benzene at



No N/

Y Y

4 R H
(40)

(40b) R= ~N b
A ¢

/~ \
(40c) R = ~N\J
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(17a) R =NMe,

(176) R=-N_ D
-

I

(17¢) R

(39a) R = NMe,

/N
(39b) R = —NJ

(39c¢) R=~?\O

2% NaOH R N

>YN/>_

R
{(41)

(410) R = NMGZ

(41b) R= =N
-/
(41c) R= —N:>
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room temperature gave the normal benzoylation product
along with dibenzoyl derivative. The monobenzoyl
derivetives were purified by column chromatography.
However, yields were better when Schotten-Baumann

procedure for benzoylation was used.

Cyclodehydration of benzoyl derivatives with
phosphorous oxychloride has been carried out in the

15 26

pyridine,™ pyrazine snd quinoxaline

serles. We have
cyclised the benzoyl derivetives with phosphorous pentoxide.
Cyclodehydration of (42a) afforded the mixture of two
compounds (433) and (44a) in & ratio of sbout 7:l.

Similarly the cyclisation of (42c) gave (43¢c) and (44c)

in about 12:1 ratio. However, the cyclisation of (42b)
resultec mainly in the formation of (43b) and the

isomeric product (44b), obtained in an insignificant

amount, but enough to determine its m.p. and analysis.

The structures of the 3-phenyleg~triazolol4,3-al)-g~triazines,
(43a) and (43b) were further confirmed by the unambiguous
synthesis of these compounds by subjecting the corresponding
2-benzylidene-hydrazine~g-triazines, (45az) and (45b),

to oxidative cyclisation with lead tetraacetate, a method
already rcportodﬂs in the literature.

The NMR spectrum (Fig.3) of (43a) in ccl,
shows the following signals. The 7-N methyls appear at
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6.78. The 5-Nemethyls absorb at 7.3. In the absence of
3-phenyl group the chemical shift of the S-Nve, are 6.62
in (40a) and 6.96 in (19a) (see Table 2).

JABLE 2

Chemical shift of the Nie, groups in
5,7-bis(dimethylamino)=g-triazolo(4,3~al)~
and [1,%~a)=g~triazines

Compound ;0! 19a 43a 4la 20a

44a
Me Ph H Me Ph
S-Nike., 6.62 6.96 7.3  6.47 6.52 6.48
7-NMQ2 6.83 6.81 6.78 6.8 6.81 6.8

The effect of the phenyl group on Nemethyl protons
at 7-position is insignificant. The anomalously high~field
shift of the S-NM.2 may be explained in terms of non-planar
conformation forced on the 3=phenyl group with the result
the 5-NM¢2 group would be shielded by the 3-phenyl group.
The protons of the 3=phenyl group are seen as multiplet
in the region between 2.2 to 2.7. In the NM2 spectrum
(Fig.4) of its isomer (44a), the protons of the 2-phenyl
group resolved into two multiplets, the grtho-protons
are centered atd 1.7% and other three protons at 2,65,
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R\(N\ NHNH2

_ N __N
f I
| v

CgHeCOC!
!CGHSCHO

)

v

(17a) R = NMe,

/ N\
(17b) R = =N 0]

«_/
(17¢c) R = —N

0O
Il

NH-N=CHPh R N NH-NH-C—Ph

Y,
—/

N\fN
R R
(45) (42)
450 R = NMe2 P> 0g
Xylene

(42a) R = NMe,

(42b) R=—-N O

(42c) R = — >

e
]
|
)
Ke)
e

!

R N

(44)

(44a) R = NMe,

(44b) R= —N O
L

(44c) R= —N )
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This g-shift phenomenon must therefore be attribujed to
the magnetic anisotropy of the neighbouring triaszole ring.
When multiplet resonances occur, the g-phenyl protons
reside preferentially near the plane of the triazole ring
and are shifted downfield by the magnetic field of the
triazole ring. The absorption pattern of the 2-phenyl
protons in (44a) further confirms that the 3-phenyl group
in (43a) exists in nonplanar conformation. A planar
conformation of the 2-phenyl would place b—NMoz in the
plane of the bicyclic nucleus and consequently are
deshiélded and appear at 6.48. The chemical shift of the
7-NM02 group remains the same for both the compounds.
Similar effects have been observed?>*33 in other hetero-

cyclic ring systems with substituent phenyl groups.

Similar observation (Table 3) was made in the
NMR ppectra of (43b) and (44c).

Mass spectral fragmentations of triazolo-g=-
triazines have not been studied to this date, although
a number of similar nitrogen heterocyclic systems have
been repcrted.'“'B5 The members of this bicyclic system
gave a strong molecular ion substantiated by the appearance
of a doubly charged ion. In all the compounds studied
(see Table 4), the molecular ion itself is the base peak.



119

All the getriazololl,5=a)-g-triazine underwent fragmentation
by a common pathway. Fragmentation patterniof (4la) is

n
similar to (40a) (Fig.5) with & difference af the inten-

sities of the fragment ions.

All the g-triazolo[4,3-a)-g-triazine showed three
fragmentation pathways (Scheme 5). The molecular ion (a)
of (40a) lost Me to give ion (b), m/e 192 (25.%%). The
second pathway involved the elimination of a neutral
fragment from the dimethylamino substituent as formimine
(CH2=NH) with a simultaneous migration of a methyl group
to a ring nitrogen atom Qion c). The observed M=27 peak
was accompanied by a corresponding peta-stable peak.
Similar rearrangement reactions have been reported to
occur in other heterocyclic systems containing a dimethyl-
amino substituent. The ion (d), we 164, was formed by
the loss of a neutral radical -CH2=N~CH3 from the molecular
ion which is confirmecd by the presence of a corresponding
meta~stable peak. Rahamim 33‘11.40 have predicted the
loss of CH3—N=CH2 in the fragmentation of 2-dimethylamino-
S-benzenesulphonamidopyrimidine. The further breakdown
of ion (d) by loss of HCN from S~membered ring to ion (9),
m/e 137, is also confirmed by the presence of a corres-
ponding meta-stable peak. The probable further fragmen-
tation of ion (9) is shown in Scheme 5, but needs
confirmation by high resolution data and deuteration studies.
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Me NN /N\ .
-CH
T \N( N - > m/e 192
N " (255 %)

(a)
m/e 207 (100%)

Me N N /N\ ‘]* MGZNYN\rN\
N | R N
Nao N/ | Me/N\yN
R R
(d) N ’ (c)
m/e 164 (8 %) \ m/e 178 (4-5%)
—CN |
m*| —RCN N ;
(R=H) AN l—CH2CN
Me, N \
2 =
\|/ +oN m/e 138 (5%)
N N
(g) SSCHp =RiH (e)
m/e 137 (10%)
&

—CH5CN

m/e 96 (10 % )
(h)

|

l—HCN

m/e 69 (8°/o)
(i)

m/e 108 (9%)

m/e 82 (15%)
(j)
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In the other pathway, after elimination of

2CN

to form ion (e), m/e 138 (5%). However, no meta-stable

formimine, the resultant radical cation (c) loses CH

transition was detected to support this fragmentation.
The ion (e) probably formed by the loss of CN radical
from ion (d).

Introduction of methyl substituent into the
3-position (compound 192) had little effect on the above
fraoogmentation pattern except that the fragment eliminated
from ion (d) was CHyCN. Loss of Me 3t either from 2- or
3-position, although, expected is not observed in these
compounds. The loss of Me from the molecular ions come
exclusively from the NMo2 groups. The fracmentation
pattern for 3-phenyl-g-triazolo(4,3-al-s-triazine (43a)
was similar and p PhCN fragment eliminated from ion (d).
The loss of RCN (R=H, Me or Ph) from the S~membered ring
of the bicyclic sywtem is observed not directly from the
molecular ion, but through the intermediaty of an [M-43)7
ion. The ion (9), m/e 137, obtained by the loss of RCN
was common to the decomposition of both isomeric ring
systems. However, with the triazolooyridinof?'tho major
fragmentation pathway involves the loss of RCN from the
molecular ion and the (Ubl]? peak is zls0o quite intense.
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The method of synthesis of g-triazolo-g~triazines
by cyclodehydration of the Neagyl derivatives of 2-hydra=-
zino=g=triazines is better compared to other methods. The
easily accessible starting materials and reagents makes
the method of cholce and ylelds are comparatively better.
- Besides, the availability of several symmetrical and
unsymmetrical substituted g~triazines makes the method
of wide applicability and variation of the reaction
conditions result in the formaetion of cne product
exclusively. The preparation of 2-methyl-5,7-big~
(dimethylamineo )=g~triazolo=[4,3=a)-g~triazine may be
cited in support.

Finally, an unsucces:z=ful attempt was made to
synthesise the parent ring system, g~triazolo-[4,3-al-
s-triazine by employing the above method of preparation.

After this work was completed, DeMilo gt 31.41
have reported the isomerisation of 5,7-bis(dimethylamino)-
3-(methyl thio)eg-triazolold4,3-al-g-triaszine (4%) to
2-(methylthio)=g-triazolol1,5=al~g~triazine (46) with
excess anhydrous dimcthylamine in absolute ethanol at 85°,
Based on the NMR study of similar compounds, the assignments
for the dimethylamino groups of (45) and (46) were made
unambiguously (see Table 3). Synthesis of (4lb) starting
from 2-amino-g-triazine has been x-epor‘too:l‘2 very recently.
Another recent pupor43 describes the preparation of g-triazolo-
{1,9=a)=g-triazine derivatives starting from substituted

triazole.



NMA data for g-triazolo-g-triazines
(Sclvent: CDCl,)

TABLE =3

- —————— - - — -~ -~ - -

19b

20b

19¢

Chemical No. .

ehift Multiplicity protons Assionment

7.28 s 3 3-@

6.96 s 6 S-hie,,

7.6 s 3 2=Me

6.81 6 7°NM92

6.52 s 6 5-NMe2

7.31 s 3 3-le

6.5 m 4 Ne=methylenes of 5=
morpholine group.

6+ 19 m 12 N and C-methylenes
of 7-morpholino group
+ C-methylenes of
Se-morpholino group

6.18 m 12 N and _-methylenes
of 7-morpholino
group + (-methylenes
of S-morpholino group.

3.72 m 4 Nemethylenes of
S-morpholino group.

7.29 s 3 3-Ne

6.67 4 N-methylenes of
S-piperidyl group.

6.2 m 4 Nemethylenes of
7-piperidyl group.

8.33 m 12 Remaining methylenes

of 5,7-piperidyl
groups



Lable 3 contd.

40a

4la

40

43a

44a

7.62
6.2

5.86

8.33

6.83
6.62
1.47

6.80
6.47
2.1

6.?

8.23

1.63

7.3
6.78
2.2-2.7

6.8

6.48
2.65
1.7

6.18
6.92
8.58

2.27-2.97

[+

8 8 o @« 3

3

12

- O O

X = O

N WO o [+ U~ R

S

12

2-Me

Nemethylenes of 7-piperidyl
group

N-methylenes of S5-piperidyl
group.

Remaining methylenes of
5,7=-piperidyl groups
3«H

5-NM02

2«H

Nemethylenes of 5,7«
piperidyl groups

Remaininc methylenes of
$,7-piperidyl groups

3=H

5~NM02
7-Nm2
3~-Phenyl

o>-hie,

2~Phenyl

Ne~metnylenes of 7=-piperi=-
dyl group.

Nemethylenes of $-piperidyl
group

Remaining methylemes of
5,7-piperidyl groups

3-Phenyl



45*

46*

6.2
5.8
8.32

2.47-2.93
1.8

7.28
6.96
6.78

7.39
6.83
6.53

® o o 3 3

oW

Nemethylenesof 7-piperidyl
group.

Nemethylenes of S-piperidyl
group

Remaining methylenes of
5,7-piperidyl groups.

2-Phenyl group

3-SMe
S-Nve,
T-Niie,

2-Siie

5—?&“@2

- . . - -

* Nir values of these compounds have already been roport.ed."‘l



TABLE -~ 4

Mass spectral data for 5,7-big(dimethylamino)~-
$~triazolo-g-triazines.

Compound (19a)

n/e 222
1% 12
/e 163
I% 2
/e 109
I% 4
m/e 78
1 5
m/e a3
b § 4
Compound (20a)
n/e 222
I% 18
n/e 180
1% 2
n/e 137
I% 16
m/e 96
1% 16
m/e a4
I% 18
Compound (40a)
m/e 208
Ix 3o
mn/e 164
1% 8
n/e 109
1% 3

————

221
100
152
5

108

71
2.9
a2

179
2.9
110,95

82
8.5

43
6.5

207
149

103.5

207
2.9
147
2
107
3
70
3

193

138

96
10

25
138

97

69
6.5

o

163
3.5
108
2
70

192
25.5
137
10
82
15

192

137
13
96

67
25

S7
152
12
107

69
11.5

178
4.5
136

71

178

110.5

82
24.5

5.9

192

138
6.5
97
3.5
67
23

165

123

70
6.9

127
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Table 4 contd,

m/e 69 67 5% 44 43 42
1% 8 23 83 6.5 5.9 10
Compound (41a 2

m/e 208 207 198 192 178 165
1% 11 100 5 54 1198 2
n/e 164 149 138 137 136 123
1 115 5 13.5 14 3 3
m/e 109 103.5 96 82 71 70
I 7 1.% 11.5 3 8 3
/e 69 67 59 44 43 42
1% 7.% 8 3 6 45 6
Compound (43a)

ne 284 283 269 268 254 240
1% 186 100 48.5 42 10 12
/e 214 200 199 180 144 141.%
1% 14 8 5 6 7.% 4
m/e 138 137 109 104 103 97
I 7 26 12 16.% 2 5
w/e 96 82 77 76 71 70
1% 27 14 26 11.% 22 11.%
n/e 69 é8 67 56 ) 51
IX 24 8 70 5.5 8.5 10
m/e 50 44 a3 42 4l

1% 5 32 15 33 5.9
Compound (4<a)

m/e 284 283 269 268 254 240
I% 18 100 4 22.% 4.5 8
n/e 214 213 200 184 170 141.5
I% 5 6.9 3 2 7 1
n/e 137 109 103 26 82 77
I% 10.5 2.5 10 11.5 36 4.5
/e 76 71 70 69 68 67
1% 4 4 4 10 4 51
n/e 5% a4 a3 a2

1% 4 7 5 8
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Melting points are uncorrected. NMR spectra were
determined on Varian A-60 and T=-60 spectrometers in CDC13.
Chemical shifts are quoted in v values using TMS as
internal reference. For TLC and column chromatography,
silica gel was used as adsorbent,and chloroform-methanol
(95:5) was used as the solvent system. The spots on
TLC plate were observed either by exposing the plates
to iodine vapours or by spraying with Draggendorff's

reagent.

2«Hydrazino=g~triazines (17a) and (17b) were
prepared12'44 from the corresponding 2-chloro-gs-triazines
which in turn were obtained from cyanuric chloride by

the method already known in the 11teratur¢.4°

S——

- - b O 1

To a fine suspension of cyanuric chloride (18.4 g
0.1 mole), obtained by dropping a hot solution of cyanuric
chloride in acetone (%0 ml) on crushed ice (100 g),
piperidine (39.4 m) was added with stirring at 0-5°
and the mixture stirred for half an hour. The temperature

was then slowly raised to room tempersture. The precipigate



170

<«
b

was filtered, washed with water and dried. Crystallisation
from hexsne gave cclourless crystals (20 g), m.p. 117-18°
(11t.4° 117-199).

2=tydrazino-4,6-bispiperidino-s-triazine (17¢)

A mixture of 2-chloro-4,6-bispiperidino-s-
triazine (19 ¢g) and hydrazine hydrate (10 ml; 98%) in
ethanol was refluxed for 6 hr., concentrated to 50 ml
and cooled. The resulting colourless plates were
filtered, washe- with water and dried (17 g), m.p.
137-39° (11t.46 137-39°),

Ne= - - -

A solution of (17a) (2 g) was refluxed with glacial
acetic acid (20 ml) for an hour. The solvent was distilled
under refluced pressure on steam bath (2.3 g). Crystalli-
sation from benzene gave colourless prisms, m.p. 175-76°
(Found: C, 4%.1: H, 7.2; N, 41.5. CoH4N,0 requires
C, 45.2; H, 7.1; N, aL.o%); Y PuJol jeas en™d (20);

3226 em™t (NH).,

The following compounds were prepared employing

the above procoduro;

l-acetyl=2-hydrazino=4,6=bismorphol ino=s=triazine, ( |8b)
MePe 233+34° (ethanol) (Found:C, 48,%; H, 6.8; N, 30.0.

C)3Ha)Ny05 requires C, 48.3; H, 6.3; N, 30.3%).\/::101

1681 emd (CO,)3226 (NH).



Ne - 6~

Crystallisation from benzene gave colourless shining
plates, m.p. 199-96° (Found: C, 56.8; H, 8,13 N, 31.0.
315H25N70 requires C, 36,4; 4, 7.9; N, 30.7%) Vh"5°1

1685 cm ' (CO); 3200 em™t (NH).
Neformyle2=hydrazino=a,6~bis(dimethylamino )=s-
triazine (39a).

A solution of (17a) (2.7 g) in 8%% formic acid

(15 ml) was left at room temperatures overnight. Excess

acid was distilled under reduced pressure, The residue

was tritulated with ether and the colourless precipitate

was filtered, washed with ether and dried (3 g¢). Colourless

plates from benzene, Mm.p. 189-90° (Founds C, 43.0; H, 6.83

N, 43,5, vgt) gly0 requires C, 42,73 H, 6.7} N, 43.%%).

N-formyl=2=hydrazino=4,6=-bisnoroholino~s~triazine (39b)

A solution of (17b) (2 g) in 85% formic acid (10 ml)
was refluxed for an hour. It was worked up as in the avove

experiment. Colourless needles from ethanol, m.p. 238..39°
(11‘09 MePo 239-400).

Nefopnyl=2-hydrazino=4,6~bispiperidino-s=triazine (39¢c)

It was prepared employing the above procedure.
Colourless plates (benzene), m.p. 167-68° (Found: C, 55.4;
Hy 7.2, C) Hygh,0 Tequires C, 55.1; H, 7.5%). | MUl 1700
(CO), 3179 (Nu),
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/. solution of (17a) (29) in dry benzene (100 ml)
was treated with benzoyl chloride (1.2 ml; 0.0l mole)
cautiously with constant stirring at room temperature,
and left at room temperature for 3 hr., The crystalline
product was filtered, washed with benzene and dried(2 g),
and purified by chromatography. Crystallised from ethanol
in colourless shining plates, m.p. 228-23°(Found: C, 55.8;
Hy 5.9; N, 32,0. C, H oNo0 requires C, 55.8; H, 6.3; N,32.5%).

The same procedure was adopted for preparing the

followino compounds:
2w 3

Colourless shining plates (EtCH), m.p. 214-15°;
vield 77% (Found: C, 56.4; H, 6.3; N, 25,5, CaHopalyOq
requires C, 56.1; H, 6.0; N, 25.5%). g:,"?‘ 1684 cm™t (Co);
3224 em~t (NH).

N=-benzoyl=-2-hydrazino-4,6=-bispiperidino-s=triazine (42c)

Colourless plates from benzene, m.p. 187-88°;
yield 85% (Found: C, 63.3; H, 7.1; N, 25.4. Coptipyin0
requires C, 63.0; H, 7.1; N, 25.7%). Y:‘;i“ 1660 (CO)
3200 (NH).
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Lthylidene derivative of 2-nydrazino-4,6-bis
(dimethylamino)=gs~triazine (27)

To a solution of (173) (20 g) in ethanol (20 ml),
acetaldehyde was added at room temperature. The reaction
mixture was heated to boiling and cooled. The resulting
crystalline compound was filtered, washed with ethanol
and dried (1.6 g). Colourless needles from ethanol, m.p.
185-86° (Found: C, 49.0; i, 7.3; N, 43.6. CyH N,
requires C, 48.5; I, 7.6; N, 43.9%).

3 deriv: f 4 b
{dimethylamino)-s~triazine (4Sa)

A solution of (17a) (2.5 g) in ethanol (50 ml)
wase treated with benzaldehyde (0.95 ¢) and refluxed for
S min. On cooling colourless neecles wer: separated, m.p.
153-54°2 (ethanol) (Found: C, 59.4; H, 7.0; N, 34.3.
C14H19N7 requires C, 59,03 H, 6.7; N, 34,4%).

Similarly benzylidene derivative of 2-hydrazino-

4,6-bismorpholino-g~triazine (4%b) was prepared; m.p.
221-22° (11t.% 222-239),

2-dethyl=9,7-bis(dimethylaming)=s=triagololl,5=al s-
iriazine (20a)

To a refluxing solution of (18a) (1.2 g) in dry
xylene (100 ml) was addec phosphorus pentoxide (® ¢) in
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two porf%ns over an 8 hr. intermal with stirring. Further,
the mixture was refluxed for 12 hr. The solvent was
distilled under reduced nressure on steam bath and the
solid residue was dissolvecd4d in icd-cold water (100 ml).
The aqueous solution was made basic with 40% potassium
hydroxide solution, extracted with chloroform. The
extroct was washed with water, dried over anhydrous
sodium sulphate and solvent removed. The solid was
crystallised from pet.ether (60-80° )in colourless
needles (0.9 g), yleld 81%; m.p. 165° (Found: C, 48.6;
Hy 6.6, Cyi, gl requires C, 48.9; H, 6.8%).

3-dethyl=5,7~bis( dimethylamino)-s~txiazolol 4,3=al=s-
triazine (19a) and 2-methyl-5,7-bis(dimethylaming)-s=
triazolo[l,5~al-s~triazine (20a)

Ceneral procecure: To a refluxing solution of (18a)
(2 g) in dry xylene (250 ml) was added phosphorous pentoxide
(30 g) in three portions (each 10 ¢) with stirring over a
45 min, interval. Then, the mixture was refluxed for 10 hr.
with stirring.The solvent was distilled under reduced
pressure and the aqueous solution (50 ml) of the solid
mixture was neutralised by the addition of saturated
solution of sodium carbonate (pH 6+7). The neutral
solution was extracted thrice with chloroform (each 50 ml

portion). The combined extracts (150 ml) were washed with
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a slight amount of water, dried over anhydrous sodium
sulphate. /lemoval of the solvent and chromatographic

separation of the solid gave the compounds:

(2) 3=Methyl=5,7=bis(dimethylaminec)=s~triazolol4,3~al)~
s~triazine (19a) (0.56 g). Crystallised from benzene~
pet.ether in colourless plates, m.p. 186-87° (Found:

Cy 49.0; H, 6.9. CgHy N, requires C, 48.9; H, 6.8%) .

(b) 2-Methyle5,7=bis(dimethylamino)-s-triazolol[l,5~al-
g~triazine (1,2 g) (20a), colourless needles from pet.
ether, m.p. and mixed m.p. with the product obtained in
earlier experiment did not depress. Total yield 95%,

R ent of le5,7=bis(dimethylamino =g«
{dimethylaming)ws=triazolo[l,S=al-s-triazine (20a)

(19a)
Compound/(0.05 g) was heated to 200° in a metal bath

and «ept kx at 200° for 5 min. and cooled; colourless neecles
from pet.ether (0.04 g), m.p. 1658%, mixed m.p. with the
authentic compound did not depress.

Similarly compound (19b) was isomerised to (20b)
in 60% yield at 300°.
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R 3 o % e
sodium hydroxide

When compound (19a) was treated with 2% aqueous
sodium hydroxide (5 ml) for 2 hr., it isomerised to (20a).
Reaxrancement of $,7-bis(dimethylamino)-s-triszolol4,3~al~-
s=triazine (40a) to 9,7-bis(dimethylaminoes-triazolo[l,5=al-
s=triazine (4la) |

When compound (40a) (0.1 g) was treatec with 2%
methanolic solution of sodium hydroxide (5 ml) at room
temperature for 2 hr., it rearranged to (4la). The methanolic
solution was passed through a column of silica gel using
CHCIS-McOH (95:5) as eluant. The fast moving fraction
collected and solvent removed (0,095 ¢). Colourless needles
from benzene-pet.ether, m.n. 157-58° (Found: C, 46.6; H,6.,5,
CgHygN, recuires C, 46.4; H, 6.3%).

Attempted oxidative cyclisation of ethylaedino-2-hydrazino-
4,6=bis(dimethylamino)-s-txiazine (27)

Compound (27¥) (0.% g), lead tetraacetate (1 g) and
benzene (30 ml) wers stirred at room temperature for 15 min.
The mixture was then heated to boil and filtered hot. The
residue obtained after removal of solvent was found to be
a mixture from which analytically pure sample could not
be obtained.

Similar result was obtained with bromine,



Oxidative cyclisation of 2-benzylidenehydrazino-4,6-
bismorpholino-s-triazine (45b); preparation of (43b)

A solution of (45b) (1.1 g) in glecial acetic
acid was treated with lead tetra:cetate (1.4 g) at room
temperature with stirring. The rcactlion mixture was
left at room temperature, for 30 min. It was diluted
with water (40 ml) and neutralised with sodium carbonate.
The precipitated product was filtered, washed and dried
(0.3 g). Colourless plates from ethylacetate; m.p.238-39°
(lit.8 238~40°); mixed m.p. with (43b) prepared earlier

did not depress (superposable IR spectrum).

Oxidative cyclisation of 2-benzylidene-hydrazino
4,6-bisdimethylaminors-triazine (45a) (0.5 g)

. The reaction was carried out according to the
above procedure (0.25 g). Crystallised from benzene-
pet.ether mixture in colourless needles, m.p. 172-73°.
identical with (43a).

N > ) -
S-triszine (24)

A solution-of (17a) (2 g) in acetic anhydride
(10 m1) and pyridine (1 ml) was refluxed for 30 min. It

was poured into ice~cold water. The cclourless precipitate

138

was filtered, washed and dried (2.8 g). Crystalliisation from

benzene gave colourless prisms; m.p. 154~55° (Found:
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C, 48,53 H, 6.,9; ., 30.6w 013H21N703 requires
C. 48.3; H‘ 6.5; N‘ 300#)0
Action of DMSO op Neacetyl-2-hydrazino-4,6-bis
(dimethylaming)=s=triszine (189

A solution of (184 (0.5 g) in DMSO (10 ml) was
refluxed for 20 hr., cocled, diluted with water and
extracted with chloroform. The extract was dried over
anhydrous sodium sulphate. The residue (0.17% g), after
removal of solvent, crystallised from benzene in colourless

plates, decomposing at 330-31°2 (Found: N, 36.2%).
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PART = I: The action of allyl bromide on leuco
anthraguinones

Because of the sparing solubility of the
anthraquinonoid vat dyes in common organic solvents,
purification by chromatographic mcthods and crysta-~
llisation are difficult. These dyes are also not
amenable to NMR gpectroscopy and mass spectrometry.
Methyl ethers of leuco anthraquinonoid vat dyes have
greatly increased solubility and some have adequate
solubility for NMR spectroscopy. A few have also

been submitted to mass spectrometry.

Extending the work on the preparation of
more soluble derivatives of anthraquinonoid vat dyes,
the action of allyl bromide on leuco anthraquinones
was studied, because allyl ethers of phenols are
known to be much more soluble than methyl ethers.
Treatment of leuco anthraquinone with excess allyl
bromide cave 9-allyl=9-hydroxy-10-anthrone (1) in
quantitative yield and not the expected diallyl ether
(2). Its NMR spectrum in CCl, shows the allylic
methylene at 7.51 and a three-proton multiplet in the
region between 4.8 to 5.81 (terminal methylene and



vinyl protons of the allyl group). The tertiary
hydroxyl is seen at 6.3.

The reaction of allyl bromide on the dianion
of anthrahydroquinone seems to be a para-Claisen type
rearrangement. As soon as the mono-allyl ether is
formed, it undergoes the Claisen migration to an
o-position which is immediately followed by a Cope~
type rearrangement. The remarkably rapid C~allylation
of anthrahydroquinone to the oxanthrone (2) at 15-20°
must be related to the reactivity of the mgso-position
in anthracene and the stability of the oxanthrone

derivative.

Support for the para-Claisen rearrangement is
found in the action of Y, | -dimethylallyl bromide on
the dianion of anthrahydroquinone. Because of the
double 3,3 sigmatropic shift, there is no end group
interchange and the product proved to be (3) and not (&)
on the basig of its NMR spectrum. One of the g:T-dimethyl
groups of the prenyl side chain appears at 9.21, a shift
of about 0.6 ppm highfield when compared to the second
methyl group. This can be expleined by assuming that
one of the gem~dimethyl groups is sterically held above



or below the plane of the benzene ring and thereby
abnormally shielded because of the ring current effect.

H. Kondo in 1910 tried unsuccessfully to
synthesise benzanthrone from allyl oxanthrone (2).
Our attempts to convert allyl oxanthrone (2) to
benzanthrone by using various cyclising reagents,
such as sulphuric acid, aluminium chloride~sodium
chloride melt and aluminium chloride in pyridine were
also unsuccessful. The reaction of p-toluenesulphonic
acid in dry benzene on allyl oxanthrone (2) was
interesting. There was no reaction at room tempera~
ture, whereas dehydration was extremely rapid at 70°.
Two products were obtained and were assigned the
structures (5) and (6) based on the spectroscopic
data. The allylidene-anthrone (5) was postulated as
an intermediate in the Bally-Scholl mechanism for the
formation of benzanthrone via an aldol condensation
with acrolein. However, it has not been possible so

far to convert () to benzanthrone.

Treatment of the leuco derivative of <=
hydroxyanthraquinone with allyl bromide gave two
products, one alkali-soluble and the other alkali-
insoluble., The latter was the expected allyl
oxanthrone (7). The alkali-soluble isomeric product

146
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has been assigned structure (8). Leuco derivative
of f«hydroxyanthraquinone and X-aminoanthraquinone

gave the corresponding 9-allyled«hydroxy=10O=anthrones.

PART 11:  Constitution of yellow pioments from
L=aminoanthraquinones and s-phthaloyl
chloride.

Pigment-using industries are interested in
inexpensive bright yellow pigments with good fastness
properties. The condensation of <-aminoanthraquinoné
and its nuclear substituted derivatives with the
chlorides of diacids which give useful pigments are

the subject of many patents.

According to the patent literature, the
condensation of one mole of <-aminoanthraquinone
with one mole of g=phthaloyl chloride gives a bright
greenish yellow pigment of unknown constitution. shen
the condensation was carried out using one mole each
of «~aminoanthraquinone and g=phthaloyl chloride eas
described in USP 2,914,542, the pigment (A) crysta-
llised from ortho-dichlorobenzene in bright greenish
yellow microscopic needles which decomposed at 340-42°,
The IR spectrum of (A) shows four strong absorption

bands in the carbonyl region at 1710, 1683, 1668 and



0
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1635 em~t. The non-appearance of a band above 1710 cm™

1
and the appearance of a bonded NH at 3250 cm"‘l do not
favour the phthalimido structure (9). However, the

mass spectral molecular weight (M* 353) is in agreement
with (9) (C22H11N04). Because pigment (A) had inadequate
solubility in solvents suitable for NMR spectroscopy,
reductive methylation was carried out. The IR spectrum
of the product shows carbonyl absorption at 1675 cm'l.
and NH absorption at 332% em~l., The NMR spectrum shows
a complex pattern in the aromatic region., Based on IR,
NMR and mass spectra, the structure (10) was considered
for the reductive methylation product and consequently
structure (11) for pigment (A). The mass spectral
fragmentation pattern of (A) was not in conformity with
that of morphanthridine-6,ll=dione (12). Hydrolysis of
(A) with 10% sodium hydroxide in cellusolve or conc.
sulphuric acid yielded <-aminoanthraquinone and not

the expected amino acid. These resubdts ruled out the
structure (11)., The other possible structure (13) was
then considered. The condensation of two moles of
{=aminoanthraquinocne with one mole of s-phthaloyl
chloride also gave the same pigment. Thus structure

(13) was confirmed for pigment (A). However, it is
difficult to explain the IR and mass spectral data.
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The cnly way to account for the pesk at m/e 353
is decomposition of the pigment thermally or by
electron impact; the molecular ion is not seen,

but only the next fragment ion.

Pigment (A) underwent thermal decomposition
and two products were obtained: (a) <waminoanthra~
quinone and (b) N~{l~anthraquinonyl) phthalimide(9).
In the mass spectrum of (A) the base peak is at
®/e 223 which corresponds to the radical ion of
{-aminocanthraquinone, whereas the peak at n/¢ 223
in the mass spéctrum of (9) is insignificant, These
results also favour structure (13) for pigment (A).
To reconcile the C=0 stretching vibrations in the
IR spectrum, one has to invoke a steric factor,
keeping the anthraquinonyl units in (13) in different

planes.

The condensation of two moles of l-amino~4-
methoxyanthraquinone with one mole of g~phthaloyl
chloride gave the expected hig~amide which resembled
{13) 4in not showing the molecular ion in its mass
spectrum. However, condensation of one mole of l-
sminow-d=methoxyanthraquinone with one mole of
s-phthaloyl chloride gave N~(4~methoxyeleanthra-
quinonyl) phthalimide.



#hen this work on the constitution of
plcment (A) was in progress, a pigment sample,
Helio Fast Yellow £=3R was kindly supplied by
Farbenfabriken Bayer. Colcour Index, 3rd ed., 1971,
mentions Helio Fast Yellow E«3R {Pigment Yellow 99)
ae belonging to the anthraquinone class, but the
constitution haes not been disclosed. Hellio Fast
Yellow E«3R was identical in all respectis with
pigment (A) and must therefore have the structure
(13). C.I, Pigment Yellow 123 (Patrician Yellow
21-2817) has also been assigned the 'same structure
in a recent issue of the Colour Index (Additions
and Amendments,2Jan. 1972). Since it is unlikely
that two commercial pioments having the s:ome
structure have two different numbers in Coleur
index, a sample of Pigment Yellow 123 was obtained,
but it was found that the two commercisl pignents
were identical. The identity of the three pioments
(Pigment A, CI Pigment Yellow 99 and CI Pigment
Yellow 123) was further established by the deter-
mination of the X-rsy powder diffraction pattern.

=
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PART I1II: The action of thionyl chloride on
hydroxyanthraquinones

Green in 1926 showed that the action of
thionyl chloride on quinizarin gave a red compound
to which he assigned structure (14), based on its
chemical properties. However, the alternate structure
(1) cannot be ruled out merely on the basis of
chemical properties. The preparation of (A) has
been repeated and the structure (1%) confirmed by
its NVR spectrum in arsenic trichloride. The 2,3~
hydrogens appear as a singlet at 3.03 and not two
o-coupled doublets expected from structure (14) in

which they are nonequivalent.

The prolonged reaction of thionyl chloride
on quinizarin gave a mixture of compounds, from
which the dichloro compound (16) has been isolated.
Replacement of Cl by OEt gave 9«hydroxy-l1O-ethoxy-
l,4~anthraquinone which shows two g-coupled doublets
for the 2,3-protons in its NMR spectrum. This amomaly
is probably due to steric effects resulting in slight
variation in electron densities at the 2~ and 3-positions.
In the NMR spectrum of the acetyl derivative, the 2,3~
hydrogens are seen as a singlet. Structure (15)also
finds powerful support from two considerations: (a)
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the obviously higher resonance enerqy of (15) in
comparison with (14), because the former contains an
additional aromatic ring; and (b) anthra-4,9-quinone

has not been isolated so far.

A product with a similar l,4-quinone system
as in (1%) was obtained by the action of thionyl
chloride on 6,7=dichloroquinizarin.

PART IV: Synthesis of s-triazolo-s-triazines:

derivatives of 2-hydrazino-s-triazines

The g-triazine ring provides a useful chromo=-
phore-~insulating group in the synthesis of dyes.
Cyanuric chloride is an important intermediate for
the synthesis of reactive dyes, because the three
nitrogen atoms render the three chlorine atoms highly
labile and readily susceptible to nucleophilic substi-
tution. Preliminary work in this laboratory has bxen
shown that 2-hydrazino-g-triazines (17) can be used
for the preparation of (a) azo dyes, and (b) inter-
mediates with an additional ring system (e.g. pyrazolone)
for constructing more complex dyes or more effective

colour insulators than the parent triazine.

When this work was initiated, the known

s-triazolo( 4,3~al~g~triazines were prepared from
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s-triszoles, building up the triazine portion from
aliphatic precursors. M. Tisler gt gl. in 1966 have
synthesised a few 3-phenyl-g-triazolo [4,3-a)-g~
triazines by the oxidative ring closure of benzyli-
dene~2-hydrazino-g~triazine with lead tetraacetate.
The known representatives of g~triazololl,5~a)-g~
triazine were prepared in 1970 by Bokaldere and

CGrinshteins from g~triazole derivatives.

Treatment of 2-hydrazino-g-triazines (17;
R=NM¢2, —@ ,—@ ) with formic acid or acetic
acid resulted in the formation of uncyclised acyl
hydrazides (18; RL = H; Me) and not the bicyclic
products (193 Rl = H; Me), although the analogous
2«hydrazinopyrimidines undergo ring closure with
extreme ease on treatment with carboxylic acids,
anhydrides or esters. The exclusive formation of the
uncyclised acyl intermediates (18) may be connected
with the presence of the NR2 substituents in the 4~
and 6-positions of g-triazine, The reaction of
2-hydrazino-g-triazines (17) with an equimolar
amount of benzoyl chloride also gave the benzoyl
hydrazide (18; RY = ph).

‘hen the N-acetyl derivative (18; R=NMe,;
R = Me) was refluxed in xylene with phosphorous
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pentoxide and the product worked up under alkaline
conditions (pH above 10), cyclisation to (19) is
followed by isomerisation to 2-methyl=5,7-big(dimethyl=-
amino)=g~triazololl,5~al=g-triazine (20; R=NMe,; rt=me)
took place. When the pH is 6=7 during isolation a
mixture of (19) and (20) is obtained. Using a modified
procedure for cyclodehydration, it was possible to
convert (18) into (19) or (20) exclusively. Products
from (18), wheneRl=H. are mostly of type (19), However,
where R18Me or Ph, two products have been isolated and
characterised as derivatives of (19) and (20). Isomeri-
sation of type (19) to type (20) can be effected by
acid, slkali or heat. P. Guerret gt gl. in 1971
reviewed similar isomerisations in other heterocyclic

systems and termed these as Dimroth-type rearrancements.

Decause of steric interaction between 3- and
S-substituents, the 3-methyl group in 3-methyl-g~-
triszolol4,3-3)-s-triazine (19; R=Niie,} Rlee) is
deshielded by about 0.3 ppm in the NMR spectrum in
comparison with the 2-methyl derivative (20; R=Nie,;
rl=Me); the chemical shifts are 7.28 and 7.6 respectively.
The chemicsl shift of the protons of ‘7-NM02 group was
mainly constant in both the bicyclic systems (19) and
(220) irrespective of the substituent in the 3- or
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the 2=position. The protons of the 5-NM02 group

are slightly deshielded in both (19) and (20) where
al = H; but when Rlﬂae or Ph, they are deshielded

in (20), but shifted upfield in (19). The considerao=
bly highfield shift of the protons of the 5-NM92
group in (19) when Rl=pn may be explained in terms

of the nonplanar conformation into which the 3-phenyl
group is forced by the neighbouring NMe2 agroup., The
protons of the 3=phenyl group (19; R1=Ph) appear as

a complex multiplet, whereas the protons of the

2-phenyl group in (20; !

=Ph) are resolved into two
multiplets; the g-protons are deshielded compared to
the m= and p-protons. This can be explained by
assuming that the 2-phenyl group exists in planar
conformation with the bicyclic nucious. The mass
spectral fragmentation of the two systems (19) and

(£0) was also studied.

Mechanisms for the cyclodehydration of (18)
to (19) and the thermal and base-catalysed rearrange-

ment of (19) to (20) have been sugcested.
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