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ABSTRACT 

9,9-(Tetrachloro-o-phenylenedioxy) santhene (IIa) and its thio-analogue (IIb) are cleaved 
by hydrazines to give the corresponding hydrazones of xnnthone and thiaxanthone, rcspcc- 
t~vely ,  together with tetrachlorocatechol. The u ~ ~ s a t ~ ~ r a t e c l  nitriles (Va), (Vb), ancl (Vc) are 
produced similarly by the action of n~alononitrile and cyanoacetic ester. Dixanthenyl ether 
itself reacts in a similar manner with active hydrogen co~npounds to give the corresponding 
9-xanthyl derivatives. (IIb) is preparecl by the action of 9-diazothiasanthene on tctrachloro-o- 
benzoquinone ancl is readily cleavecl by lithium alun~inunl hydride to give thiaxanthene and 
tetrachlorocatechol. The reaction mechanisms are discussed. 

9-Substituted xanthenes have found wide application in biology and industry, and 
special attention has been directed recently to the study of the chemistry of this group 
of compounds. I t  has been shown, in this laboratory, that  xanthene ethers of the type (I)  
have unusual chemical reactivity unrelated to that  of previously reported analogous 
compounds. For example, it is li~lown that ethers are ordinarily not reactive enough as 
substrate to  be hydrolyzed easily; however, it has been found (1) that 9,9-(tetrachloro-o- 
phenylenedioxy) xanthene (IIa),  in contrast to other analogous methylenedioxy deriva- 
tives such as  (111), is easily cleaved by dilute mineral acids under very mild conditions 
to give xanthone. Also, i t  has been reported (2) that  xanthene ethers of the type (I)  
exceptionally undergo reductive cleavage by lithium aluminuln hydride yielding xanthene. 
The  unusual reactivity of (I)  has been rationalized by assmning that  a carbonium ion is 
first formed as an interinediate and is stabilized by resonance with the unshared electroil 
pair on the oxygen of the xanthylene residue. 

(1) (Ira):  R = C1, S = 0. 
(IIb): R = CI, X = S. 

(111) 

(IIc): R = Br, X = S. 

In the present investigation, it is found tha t  the thiaxanthene analogues have similar 
reactivity. Thus, when (IIB) is allowed to react with lithium aluminum hydride in boiling 
ether, thiaxanthene and tetrachlorocatechol are produced (3). I t  is assumed that cleavage 
proceeds by the initial attack of a positive ion such as  Lif or AlI-12' on the oxygen of the 
dioxole ring followed by the hcterolytic fission of the C-0 bond to  give a resonance 
stabilized carbonium ion (cl. IV) which readily piclcs up a hydride ion yielding finally 
xanthene. A similar mechanism has been previouslj- proposed for the cleavage of the 
ailalogous cyclic ether (IIa) (2). (I In) is prepared in good yield by the reaction of O-diazo- 
thiaxanthene with tetrachloro-o-benzoq~~inone. The  bromo-analogue (IIc) is similarly 
obtained froin tetrabromo-o-benzoquinone. 
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This remarliable reactivity of xanthene and thiaxanthene ethers stimulated us to extend 
our investigations and study their reactivity towards active hydrogen compounds. I t  is 
found (3, 4, 3) that when (IIa) or (IIb) is allowed to react with phenylhydrazine or 
benzoylhydrazine in boiling ethanol, the corresponding hydrazones of xanthone and 
thiaxanthone, respectivcly, are obtained together with tetrachlorocatechol. I-Iowever, 
with hydrazine hydrate, the corresponding hydrazones and ketazines are produced. 

I t  is found also that inalononitrile reacts readily with (IIa) and (IIb) under similar 
conditions to give the highly colored unsaturated dinitriles (Va) and (Vb), respectively, 
in excellent yields, together with tetracl~lorocatecho1. However, a higher reaction tein- 
perature has been found necessary to cleave the cyclic ether by cyanoacetic ester. For 
example, (Vc) is only produced when the higher boiling n-butyl alcohol is used as a solvent. 
(\'a), (Vb), and (Vc) have been previously obtained by condensing malononitrile or 
ethyl cyalloacetate with the corresponding thione in presence of yellow mercuric oxide (6). 

TWO possible suggestions might be proposed to explain the production of the xanthylene 
and thiaxanthylene derivatives by the action of active hydrogen compounds on xailthenic 
ethers. For example, in the case of the reaction of inalononitrile with (IIa), it is assumed 

(Va):  R = CN, X = 0. 
(Vb): R = CN, X = S. 
(Vc):  R = OCOC2H6, X = S. 

that an intermediate (VI) is first formed which cleaves to give directly A",a-xanthene- 
malononitrile by a p-elimination process as shown in Scheme A. The other alternative 
which immediately suggests itself is that (VI) might react further with another illolecule 
of malononitrile to give a second intermediate (VII) which decomposes under reaction 
conditions yielding the product as shown in Scheine B. I-Iowever, the first possibility 
seems to be inore feasible. In this connection, it is worth mentioning that the yield of (Va) 
is found to be the salne whether using one or two moles of malononitrile in this reaction. 

(X)+ci-l,(c~),- 

SCHEME A CP 

L 
Tm 

S C H E M E  0 

m \ 
CH,(~N),+ ( E) 

The production of the corresponding ketazines in the reaction between (IIa) or (IIb) 
with hydrazine hydrate might be explained by assuming that part of the hydrazone 
first for~ned reacts further with the cyclic ether to give the azine. This view is supported b>r 
the fact that xanthone hydrazone is found to react readily with (IIa) under the salne 
conditions to give xanthone azine in excellent yield. 
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In an  attempt to generalize this reaction, the reactivity of dixanthenyl ether itself has 
been investigated. I t  is found (4, 5) that  the ether reacts readily with active hydrogen 
con~pounds to give the corresponding 9-xanthyl derivatives which have been previously 
obtained by the acid-catalyzed reaction of these co~npouiids wit11 xanthydrol. For example, 
(VIIIa),  (VIIIb), and (VIIIc) are produced, in good yield, by the action of benzoyl- 
hydrazine, ethyl cyanoacetate, and ~nalononitrile, respectively, on dixanthenyl ether in 
boiling ethanol. 

(VIIIa):  R = H S .  I-ISCOCGI-I5 
(VIIIb): R = CH.CS.COOC,HB 
(VIIIc): R = CH(CS)L 

Cleavage of xanthene ethers by active hydrogen compounds provides a new method 
for the direct synthesis of 9-substituted xanthenes ivhich enhances the value of xanthene 
ethers as  synthetic intermediates. 

EXPERIMENTAL 

Renctiou of D,D-(tetrnchloro-o-plze~~ylctzed~ioxy) xn?ttlzen,e (IIn) tuitlz ltydrael?~e 11ydrate.-Thc xanthene ether 
(1) (1 g) and hydrazi~le hydrate (98-10070, 1 ml) in absolute alcohol (25 ml) were rcfluxecl together for 5 
hours. 'The solution \vas filtered while hot, and the orange crystals obtained (0.01 g) \\.ere sho\vn to be 
xanthone azir~e (m.p. and mixed m.p. 395 OC). The filtrate was concentrated and lcft to cool. The  ycllow 
solitl for~necl was filtered off and recrystallized from methanol to give santhone hydrazone (0.1 g) m.p. 126 OC 
(~~ndeprcssed when admixed with a n  authentic sample). Thc main ethanolic mother licl~~or \\.as poured onto 
ice-cold water and acidified \\lit11 hydrochloric acid. The precipitate for~necl nras filtered off, dricd, and re- 
fluxed with acetic anhytlride (10 1n1j for 30 ~ninutes. The  solution was left to  cool, poured onto ice, allti the 
separated solid was filtered otl: and \vashed with water. This \\.as clried and crystallized from methanol to 
give the diacetate of tetrachlorocatechol, m.p. 184" (~indcprcsscd when ad~nixcd with an  a u t h e ~ ~ t i c  sanlple 
preparcd as described by Zinclie ancl I b s t e r  (7)). 

Reaclio7z of ( I In)  with pl~e~zyl1zyd~~nzin.e.-'The cyclic ether (1 g) and pl~enylhytlrazinc (1 g) in absolute 
ethanol ('20 1111) were refluxetl together for 3 hours. 'The sol~rtion was tiltcrcd while hot, conccntratecl, and 
left to cool. The solid forrned \\,as filtered oil and recrystallized from etha~lol to give goldcn !-cllo\v crystals, 
m.p. 15'2 "C (0.5 g), which proved to be xanthone phenylhydrazone (m.p. and mixed m.p.). 'I'etrachloro- 
catechol was protluced in thc reaction and ide~ltilicd as before. 

Rencliotz of (IIn) with be~zaogllrydrati?~e.-The rcaction \\,as carriccl out as  above ~ising half a gram of the 
cther and onc-fifth of a gram of the liydrazi~le. The  solution was cooled and the ).ello\\. solid fornled \\as 
crystallized from bcnzene to give sa i~thone be~lzoylhydrazone as  yellow crystals, 111.p. 150 "C. Calc. for 
CgoHl.lO&?: C,  76.43; H, 4.46; Y, 8.91. Found: C, 77.00; H, 4.65; A', 8.6GYh. 

Reaclio7z of (IIn)  will^ .z.n?ztlzo?ze lrydra,oo?ze.-,4 suspension of (110) ( I  g) and the hydrazonc (1 g) in absolute 
alcohol (20 ml) \verc rcfli~sed together for 5 hours and the mixture \\,as left to cool. The solid formed \\.as 
crystallized from sylene to gi\,e xanthone azine (0.56 g) as orange yellow crystals, m.p. 295 "C (~~ndeprcssctl 
when atlmixed with an authentic sample). 

Reactiou of ?~~alo~zo~tilri le zuitlz (IIa).-A~Ialono~~itrile (0.3 g) \\-as added to  a suspensio~l of (IIa) (1 g) in 
absolute alcohol (20 ml) and the reaction mixture was refluxccl for 4 hours. During this period the cyclic 
ether went graclually into solutio~l ant1 a yello\v crystalli~le solicl mas formecl. This was filterecl art and 
recrystallizecl from bcnzene to give A " a - x a n t h c n e ~ ~ ~ a l o ~ ~ o ~ ~ i t r i l e  (\;a) as grecn yellow cr).stals (0.35 g),  m.p. 
24-1-245 "C (unclcprcssecl \\.hen admixecl with a sanlple preparecl b]. conde~lsing 9,:)-dichlorosanthe~le \\.it11 
malono~~itrile (6)).  Tetrachlorocatechol \\.as identilied in the ethanolic mother liqlior as before. \\-hen the 
reaction was carried o11t using eq~~imolecular amounts of the reactants, almost the same yield of (\:a) \vas 
obtairlecl. 

Prepnralio,~. of 9,9-(tetracl1loro-o-p11e~~yle1zedio~y) tltiaxa?zllrene (IIb).-Tetrachloro-o-be~lzocluinone (0.8 g) 
was added portionwise, a t  loom temperature (25 "C), to a soltrtion of 9-diazothiaxanthene (8) ( I  g) in dry 
ether (20 1111). A vigoro~is reaction with cvolutiol~ of gas tool; place after each addition ant1 the retl color of 
the quillone tlisappeareci. \\'hen all the quinonc had been aclded, the protluct formed was liltcred off, X~ashed 
with acetone, and recrystallized from the same solvent to  give (IIb) as colorless crystals, m.p. 2'21 "C (un- 
depressed when adn~ixed with an  authentic sa~np le  prepared by the reaction of D,O,clicl~lorothiasa~~tI~c~~e 
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with tetraclilorocatecho1 (9)). Both products have identical infrared spectra. Calc. for CleIIsO~SCll: C, 
51.58; H ,  1.81; S,  7.24; CI, 32.12. Fout~cl: C, 51.75; 13, 1.99; S ,  7.1G; CI, 31.59%. 

Prepamlio7z of U,U-(Iclrubrolito-o.plte~zyle~tedioxy) thiaxalzthe7ze (IIc).-The rcaction was carried out a s  
in the case of the chloro-analogue when (IIc) was obtainecl as colorless crystals, 111.p. 245 OC (~~iiclepressed 
when admixed with an autlientic sample prepared by the reaction of tetrabroriio-o-bcnzo~~~ti~~onc ~vitli 
thiaxanthone hydrazone (9)). 

R~aCli07l of ( I Ib)  'ri)itlz lillziz~ln all~7tzi~zz~nl 1~ydride.-One gram of (116) was added in small portions to a 
suspension of l i thi~lm aluminum hydride (1 g) in dry ether (40 nil). \\'hen all the cyclic ether had been 
added, tlic rcaction mixture was refluxed for 6 hours on the water bath,  and left to cool. I t  \\-as clccon~posecl 
with alcohol the11 with dilute hydrochloric acid, alid extracted sevcral times with ether. 'I'he con~binecl 
ethereal extracts wcre dricd ovcr anhydrous sodi~tm sulphate, and tlie ether n7as then dri\.en olT. 'l'he solicl 
left was clissolved in the least amount of boiling methanol and tlie solution was filtered ~vhile hot and left 
to cool. The separated colorless crystals were shown to be tliiaxa~ithclie (m.p. and lllixed m.p.). The alcoholic 
mother liq~lor \\,as pourecl onto ice-colcl water a~icl acidified with a few drops 01 hydrochloric acid. 'The 
precipitate forrlled was shown to bc tetrachlorocatechol as  before. 

Renclio~~ of Ilydraei~~e IlydI'(1k zilill~ (II6).-Ilyclrazine hydrate (99-100%-0.5 ml) and (116) (0.5 g) in 
absolutc alcohol (20 ml) were refluxecl together for 3 hours. The reaction mixture was liltered I\-liile hot, 
and the solitl obtained (0.002 g) was shown to  be thiaxanthone azine (m.p. and mixecl m.p.). The filtrate 
was concentratetl ancl cooled. The pale yellow solid formed (0.16 g) was filtcred olf, crystallized from ethanol, 
and sho\~11 to be thiaxanthone hydrazone (m.p. and mixed m.p.). Tctrachlorocatechol Jvas itlentilied ill the 
main alcoholic mothcr liq~lor as before. 

Rearliotl of p l~e t~y l l~ydraz i~~e  will1 (II6).-Thc reaction \\.as carried out  as  above  sing half a gram of 
phen)~lhytlrazirle ar~cl half a gram of (116). The  solution was lilterecl ~vhile hot, coliccntratetl, and left to cool. 
?'he crystallil~c solid formed (0.31 g) \\-as filtered olf, and recrystallized from methanol to gi1.c thiaxanthonc 
plicnylhytlrazor~e as l~ellow crystals, m.p. 150-151 "C. I t  gives an  olive green color with cleep grecn fluore- 
scence \\.it11 concentrated sulphuric acitl. Calc. for CleI-I~.iSS2: C, 75.49; I-I, 4.63; S ,  10.59; S, 9.27. Found: 
C ,  75.27; I-I, 4.83; S, 10.55; N ,  9.2570. Tctrachlorocatechol was produccd ill the reaction ancl idelltilictl as  
above. 

Reacliotr of Oe~~zoy!l~)~drueit~e will1 (IIb).-The reaction \\;as carried out as  above. 'l'he solution \\-as filtered 
while hot antl evaporatetl to dryness under reduced pressure, antl a few milliliters of mcthanol \\;as atldetl 
to the oily residue. 'I'he light yellow solid formed (0.24 g) was filtered oll ant1 crystrrllizetl from methanol 
to gi\.e thiaxanthone bcnzoylhytlrazone as straw yellow CI-ystals, m.p. 177 "C. Calc. for C~ .OI - I I~OSS~:  S, 
9.7" S, 8.51. 1:ountl: S ,  10.41; K, 8.36%. Tetrachlorocatechol was itlclitified i l l  tlie alcoholic ~nothcr  liquor 
as  above. 

Iieactiolz of ~r~~zlo~zonilrile zoill~ (IIb).-Malononitrilc (0.5 g) and the cyclic ether (1111) (0.5 g) in i~bsolilte 
alcohol (30 t i l l )  wcre refluxed together for 6 hours. 'The orange yellow crystalline solitl Ior~ncd cluring the 
rcaction was filtered OR, ~ ~ ~ a s h c d  with acetone, and crystallizetl from benzene to give ~e,Lu-tl~iax~~ntllene- 
maloliollitrile (\76) (0.2 g) as  orangc yellon, crystals, m.p. 303-301 OC (~indepressctl ~ v l ~ c ~ l  atllnisctl wit11 ail 
autlieritic sample prepared by the reaction of Y,9-dichlorothiaxanthene with malononitrile (6)). Tetra- 
chlorocatechol \\;as producetl in tlie rcaction and ide~ltilicd as above. 

Reaclio7z ofetl~yl cya~~oacelale 'ruill~ (II6).-.q mixture of (116) (1 g) and ethyl cyanoacctatc (1 ntl) in ,I-butyl 
alcohol (20 ml) \\;as refluxetl for li hours. The solution was filtcrctl ~vhilc hot, evaporated to clr!.ness ~lntlcr 
retluced ptessurc, antl a few milliliters of methanol \\-as acltled to the oily residue. The yellow crystalline 
solid formcd (0.35 g) n7as filtcrecl olF, ~vashetl with methanol, ant1 crystallizetl from the same sol\-cnt to give 
A",c-tliiaxantl~cncacetic acid, a-cyanoetliyl ester (\Jc) as ;.ellow crystals, m.p. 129-130 'C (~~ntlcpressetl 
when atlmixetl with an authentic sample prepared by the reaction of 9,l)-diclilorothiaxantliene [vith ethyl 
cyanoacetate (G)). 'I'etrachlorocatechol Jvas identified in tlic main n~ethanolic mother liqllor as before. 

Reaclio7z of r~~alono~~i l r i le  zuilll dixanll~el~yl el1~er.-To a suspension of tlixanthcnyl ether (1.8 g) it1 al~solute 
alcohol (25 ml), malononitrile (0.6 g) was atlded, and tlie rcaction mixture was rcflusetl for 4 l i o ~ ~ r s .  During 
this period the ether melit gradually into solution and a cr>.stalli~le solid was formetl. 'This \\:as filtered off, 
ant1 the filtrate was concentrated, ant1 left to cool. The solitl separated \vns liltered off, ant1 cr!.stallizcd from 
ethanol to give 0-xanthyl malononitrile (VIIIc) (1.1 g) as  colorless crystals, m.p. 186-188 'C (~~ntleprcssed 
when atlmised with an authentic sample prepared by the reaction of santhydrol \vith malonot~itrile (10)). 

I ieaclio~~ of ethyl cyanoncelate willz di.va~zllze7zyl ether.-Ethyl c!.anoacetate (2.5 g) and tlixanthcnyl ether 
(3.7 g) in absolute alcohol (25 ml) were refluxed together for G hours. The solution \\-as liltcrecl \vliile hot, 
and evaporated to tlryness. Thc oily residuc obtainecl was extracted several times with cold petroleum 
ether (b.p. 40-60'). The  solid obtailled (1.4 g) \\;as filtered off, lvashed with methanol, and cr).stallizetl 
from ethanol to  give (VIIIb) (11) as  colorless crystals, m.p. 125-19 'C. Calc. for C I S H ~ ; O ~ S :  C, 73.72; 
I-I, 5.11; X, 4.77. Found: C, 74.04; I-I, 4.97; N, 4.?27$. 

Reacliol~ of be~7.zoyllrydrusi11e zirill~ dixa72ll~e7lyl elllei.-The reaction was carriecl out as above using 0.8 g of 
benzoylhyclmzine and 1.8 g of the etller. The solution was filtered off, concentrated, ancl left to cool. The solid 
separatetl was filtered OM', and crystallizecl from ethanol to give (\iIIIa) (12) as colorless cr).stals, m.p. 
170-178 OC (yield 1.7 g). Calc. for C20Hle02N?: C, 75.94; H, 5.10; S ,  8.SG. Found: C, 75.52; H,  5.37; N, 
8.9870. 
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