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Introduction

The xenthylium selts «re ionic subsicnces, the skeletsl stiructure
of which is well estublished. ''he positive charge is now beliesved to
be centered on the 9-carbon atom. As such they behave in meny re-
spects ¢s cerbonium ions.

The object of this resesrch wus o determine the behavior oi the
unsubstitutec salt, the perchlorate in particular (I), with dimethyl-

sniline and to determine the structure of the resulting compounds
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HISTOXICAL

ranthylium salts mey be prepared from the xanthydrols by the
ection of mimersl «ecids with the eliminction of witer. Hofms=nn,
Roth, Hobold, and Metzler (1) regortud the prepar:tion of xanthyl-
ium perchlorste from an etheral solution of xaathydrol ana 70%
perchloric acid. Other xunthylium sslis heave been prejcred by
Gombarg «nd west (2), Gomberg and Cone (3) cnd meny others.

Few investigstions have been made concerning the rezciion of
cerbonium ions with wmaonic or emines. Uecker wnu Becker (4) re-
ported the recctions of 1l0-methyl-9-phenyl-acridiun chloride (II),
9-phenyl zenti;lium chloride (III), and 10-phenyl-thioxanthy lium
chloride (IV) with cmmonia, to give the corresponding cmines, (V,

VI, and VII).
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Dilthey, Berres, Holterhoff and Wubken (5) oprepsred spiro-
diénapthopyran (VIII) and observed thoet vhen he-tec <lone this com-
pound- g-veé & blue colorec compounc (I} &nd when hested with piper-
idine remsined colorless. They expleined this by the following

tronsformetions;

Colorea (Ix)

Colorless (VIII)

/CR.L =y, <)
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Colorless



Sehonver, ~nd Sina (6) explained the losg - ¢ L.r when the per-
nungante ¢ loveo diphenyl ketene dimer wegs heutec with piporidine by
s mewhat the oome meth ¢ ss that of Dilthey for the silr —di-napthopyrans.

They srop: oo the following transf ruati ns.

Colorles C lored

yolis T Gehi Colls UT gl

5 o ~ .|‘ o - ¥
Coity =9 = © = G = G ="Cglly  Z(CHp) Bl Cglls = C - 2 = & - C = Cglis

+ivii o +iH 2 #
(CHz)s (CH,)e

Fal

Uolovles: C lored

Shott n (7) reporte. the isolati n -f three pr ducts frow the ree
aetion o 1L vyliuw perchlorite anc =mmonia, the  nalys:s of which in-
dicate: th T Ilovylium perchlorste rescted with amenia in the ratics
of 3 ¢ 1, “ 4+ &znd 1 to 1. The rezction of fl.vylium perchlorute
snd pipsri ine gave one substituti n product. The products frem ozonoly-
sis inuic 4 the compounc to be <= hsnyl=4~ ioericinc—l,bi-benzopyran.
He re ors. ihot flavylium perchlorate and dimethyl:-niline react to
form 7= v l=i=(4' aimstuylamin.phenyl)-l,4-benz pyran, Flavyliuw per-
chloray i .niline yielaed three osroducte tw of which were tentstive-
iy szl oo stractures Z-phenyle4=(4' aminophenyl)-1,4~benzooyrancl
and 8, 4,..-,{ = lienylbenz yrunol) aniiins,

ULl ¢ o ingl (B) prejared 4'-asino=Y9=digslonyl xunthens by cone

gensing = Looyi xenthencl with aniline in acetic wcid enlution. They



also prepured &'-dimethylemino-9-diphenyl senthens by conuensing
9-chenyl xanthenol and cimethylenmiiine in zcetic acic solution.

Neiderl and Hort (9) conaenseu o number of shenols with xen-
thydrol, using gloeciul scetic weid, sulfuric ecic, or unhydrous «luminua
chloride es « concensing «gent, to produce the corres onding p-hydroxy
xsnivhenes,

Gomberg cnd Kemm (1C) reported thet trighenylmethylearbinol and
triphenylmethyl chloride condense with phenol in the presence of very
gmsull cqusentities of =eild to glve wlmost uantitetively p-nydroxytetrae=-
nhenyl melhene,

Idules and Hussey (1l1) reportec the condensstion of =niline hyaro-
chiloride with m-tolyici henyl carbinol in glieisl acetic seld, to produce
m~-tolyl-4~smino- henyldichenylmethine in 6% yiela.

Witten and reid (1z) revorted the pregeration of p-aminoteiraphenyl
methene in 70 to 80% ylelas by reiluxing triphenyl esrbinol for ‘hree
hours, in twice its weight of glucizl scetic weid, with two e uivelents
of aniline hyarochloride.

It is vossitle to consider thet the above reuctions might proceed
vie curbonium ions formed from elther the tri henyimethylcerbinols or

the zunthiydrols by the wction of the scetic wcid or the minersl «cids.



THEORLTICAL AND DISCUSSION

Wolf (13) has shown by the following reaction that the main

part of the charge in the xanthylium ion is in the 9 position.

wn



Shotton (7) found thst when flavylium perchlorate (XII)

reacted with dimethyleniline the following resctions took pluce;




The problem was to study the reaction of xanthylium perchlorate (X)

with dimethylaniline. The following reactions were postulated;

N (CH
N(C H3)2 8 3)2_

When xanthylium perchlorate was treated

with dimethylaniline the author obtained

HX as the major product 9-(p-dimethylamino-
W phenyl) xanthene (XV) and a small amount
& "— of blue solid postulated to be the per-
. chlorate of the oxidized form (XVII).
n(C Ha)?_

XVII



wolf (7) also prepared (AXI) by the reaction of xanthydrol
with aniline snd then reszrranged it according to the following re-

action to give comcound (XI).

L




The reszction of xanthydrol with dimethylsniline in gluclal acetic
acid snd in the presence of concentrated hydrochloric acid should give
compound (XV). Tois resction might vell proceed via the formation of

a carbonium ion and may be formulated as follows;

HCI

p
Mety),
XV

The above reaction proceeced smoothly with the formation of (XV) in

gOOC: yi*‘ld -
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Shotton (7) proved the structure of compound (XIII) by the re-
action of flavylium perchlorate (XII) with p-dimethyleminophenyl lithium

and the subsequent oxidation to the carbinol (XIV).

-

io; + (CHQLA/QM —1

] |©
é— 5
H
+ L0,

N(C Hj);z,

XIv XIII




When xanthylium perchlorate (X) was rezcted with p-dimethylsmino-

phenyl lithium the following reaction took place.

cig; +e e —




1z

Shotton (7) proved the structure of compound (XIV) by the follow=

ing synthesis;

IV
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When xanthone was reacted with p-dimethylaminophenyl lithium

the following reactions took place;

XVI



The sroduct (AVI) when treated with eacess 707 perchloric scic in
acetic znhydrice formed « yellow smlids This solid enulyzed for two ver-

chlorate ions. The revction is positulated to bej

@
Ii!lllllllllll F*(;|()1
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P
N (CH3),

. HTCIn, sl



15

Wolf (13) reduced 9-p-methoxyphenyl xanthenol to 9-p-methoxy=-

phenyl xanthene by using a 907 formic acid solution containing sedium

carbonate
Q
HCOOH
OH —VeaCOs oy +4
Octs OCH;

The carbinol (XVI) when refluxed with 907 formic acid containing

a little sodium carbonate ylelded (XV).

HCOOH
N‘ 2.C0; N\
OH 4
N CHz)a
XvVIi XV

This reduction, coupled with analyses of (XV) and (XVI), served as

proofs of structure of these compounds.
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The carbinol (XVI) contains the triphenylmethane grouping and is

analagous to malachite green (XVIII).

N(CH 2

C NCHY2
OH
XVIII
The carbinol (X¥I) undergoes many of the characteristic color changes
of the triphenylmethane dyes. When dissolved in acetone and treated with
a small amount of dilute hydrochloric acid 2 blue solution is formed.
More acid renders the solution a deep green. When strongly acid the
solution becomcs yellow in color. Treatment with dilute base will re-
verse these color changes until a colorless solution is obtained. The

color changes noted with increasing acidity probably involve elimination

of resonance forms due to salt formation.



The transformation of the carbinol form of melachite green (XVIII)
to the colored compound (XIX) is similar to the change taking nlace when

(XVI) is treated with acid to give the colored compound (XX).

i \
~ : . } -~ c
14 2
- 11 \\'H ‘K
. : "‘\:"\
N " Y
PR s, 5 v B
fe it : ."'-{L’f‘,;l
a {
S e
XvVI XX

There are sevcn possible resonance forms of the carbonium ion in malachite
green, seven major forms and one minor form in (XIV) prepared by Shotton
(7) and six major forms and two minor forms in (XVI). Since resonance
forms are closely tied in with color it was interesting to note that

(XVI) was at least quelitatively intermediate in color as predicted by

the number of resonance forms.



These reactions may be summarized as follows;

|
N (CH), |
— Aoy — -
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EXPERIMENTAL

Reduction of Xanthone to Xan ol (14

An amalgam of 9.0 g. of metallic sodium (0.39 gram atoms) and 750
g. (55 ml.) of mercury was prepared by placing the sodium in a 500 ml.
round bottom flask and covering the sodium with 25-30 ml. of dry
toluene. The sodium was melted by careful heating with a free flame,
the flame extinguished and 2-3 ml. of mercury added dropwise with shaking.
The reaction was very vigorous at first, but soon subsided and the re-
mainder of the mercury added at such a rate that the toluene boiled
and finally was completely volatilized.

The amalgam was cooled to fifty degrees and 25 g. (0,13 moles) of
recrystallized xanthone suspended in 175 ml. of 95% ethanol were
added, The flask was stoppered, held in a towel and shaken vigorously,
releasing the pressure from time to time. The temperature rose to
sixty or seventy degrees and the xanthone dissolved forming a pale gray
solution.

The mixture was vigorously shaken for fifteen minutes and then
poured into 2 liters of cold distllled water. The white precipitate
was recovered by filtration, washed with water until free of alkali,
and dried at 50° to constant weight. The crystalline product melted

at 121-122°, The yield was 20.5 g. or 84% of theory.



Preparation of Xanthylium Perchlorate

Forty grams of xanthydrol (0.20 moles) were dissolved in 1000 ml.
of anhydrous ether in a 2 liter round bottom flagk surrounded by an ice
bath. Dry hydrogen chloride was passed in for 30 minutes. A solution
of 20 ml. of 704 nerchloric acid in 60 ml. of acetic anhydride was then
added slowly in small portions. Addition of the perchloric acid-acetic
anhydride mixture caused the formation of a bright yellow precipitate.
Hydrogen chloride was again passed in until the solution was saturated,
about two hours.

The yellow precipitate was collected on a sintered glass funnel,
washed twice with absolute ether, and dried by suetion. The yield of
crude perchlorate was 50 g. or 89% of theory. Recrystallization was
attempted using boiling glacial acetic acid but decomposition resulted
and no xanthylium perchlorate was recovered. This method also failed
on anoth-r sample of crude xanthylium perchlorate although other experi-
menters (15, 16) have used it successfully on similar perchlorates.

Another portion of xanthylium perchlorate was prepared by suspending
25 g. of xanthydrol (0.127 moles) in 750 ml. of anhydrorous ether in a
flask surrounded by an ice bath. Fifteen ml. of perchloric acid was
dissolved in 45 ml. of acetic anhydride using extreme care and cooling
with an ice bath. This mixture was added slowly to the etheral solu~
tion, sheking vigorously after each addition. The yellow precipitate
which formed was recovered by filtration, washed several times with
anhydrous ether and dried in an oven at 105°. Further purification was
affected by washing with warm glacial acetic acid followed by washing
with anhydrous ether. The yield was 33.8 g. or 93% of theory. Since

the melting point given by Hofmann, Roth, Hobold, and Metzler (1) was



only wpproxim.te the compound wus wnulynea for chlorioe, using Perr

bomb procsdure, and the melting point of the cneiyzed xenthylium per-
: : o g RGO g0

chlor.te wus found to be =234 -«<35 .

snelysis: Celeculeted 613H900104 Cl, 12.67 Found Ci, 177

Lesction of Dimethyleniline znd Awnthiylium Perculo.cie

Twelve und one tenth grams of dimethyluniline (J.10 moles) were
dissolved in <00 ml. of enhydrous ether and 14.0 g. of xenthylium per-
chlorate added in smell portions. The flesk wus sitopuered and shiken
vigorously after each sddition. The xenthylium perchlorate dic not cdie-
solve but reactea slowly, the yellow color chenging to light green. After
a short time snowlfleke crystuls formed in the solution. After <11 of the
xenthylium perchlorute hed reccted & blue precipitate wes notea in the neck
of the flesks The precipitete was recovered by filtrstion znd the ether
solution eveporstec. 4 white solid vemuined. lhe precivitete rea.ining
after the {iltretion wus extructed seversl times with ether zng «1i of the
white product aissolved lesving a smell smount of the blue precipiteate.
The ether washings were evuporuted obtaining more of the white solid.

The blue compouna was dissolved in methanol e¢nd the solution mede busic
by the sddition of dilute hydroxide. Uion the addition of weter &« white
solid formed which wes recovered by filtraticn. f%hs three whilte solias
were combined ancd reerystallized from ether. The reculting solic melted
at 158° end enclyzed for 9-(p-dimethylemino henyl) xunthene, The blue
precipitate was probubly the above compouna contaminated with the per-
chilorate of ‘ts oxlidized fora, 9-(o~dimethylaminophenyl) xanthenol.
sOelysis:  CplHyjgON  Celeulated O, 8307  H, 6,21 N, 4465

Founa:  C, 83.6 H, 6.40 N, 4.80



The reaction between dimethylaniline and zanthylium perchlorate
was repeated using 10.1 g. of xanthylium perchlorate (0.036%4 moles)
and 14 g. of dimethylaniline (0.11 moles). This time the reaction was
carried out in a 3 necked creased flask, which was fitted with a stirrer.
The yield of white product analyzing for 9-(p-dimethylaminophenyl)

xanthene vas 6.1 g. or 56% of theory and the melting point was 15.89.

Reaction of Dime line and [0

Five grams of xanthydrol (0.025 moles) were dissolved in 30 ml,
of glacial acetic acid and 1.5 ml. of concentrated hydroechlorie acid
added to form an orange red solution. Four and four tenths grams of
dimethylaniline were added to this solution and the mixture refluxed
for four hours. The addition of the dimethylaniline caused the solu~
tion to become green in color, but this faded to a pale yellow-green
at reflux temperature. The solution was voured into 500 ml. of water
containing 5 g. of sodium carbonate. The light green solid which
formed was recovered by filtration and washed with water. The light
green solid was recrystallized from e£her and melted =t 1580. the melt-

ing point of the 9-(p-dimethylaminovhenyl) xanthene. The yleld was

5.9 g. or 79% of theory.

P tion of p-Bromodimethylanili

One hundred grams of dimethylaniline were dissolved in 200 ml. of
glacial acetic acid and cooled in an ice bath. Seventy grams of bromine
were added slowly from a dropping funnel. After the addition was com-
pleted, the flask was nearly filled with ice water and shaken vigorously.

This resulted in the formation of a white precipitate. The precipitate



T
L)

was collected and washed several times with water. Recrystallization

from 957 ethanol gave a white compound melting at 55°. The yield wes

105 g. or 63% of theory.

The method deseribed by Austin (17) and Gilman, Zoelner, and

Selby (18) was used. Tighteen hmndredths of a gram of lithium (0.028
gran atoms) was cut into small pleces, covered with ether and placed in
a three necked flask which was equipped with a drovning funnel, doudble
surface condenser, and & stirring motor. One and five tenths grams of
n-bromedimethylaniline were dissolved in 25 ml. of ether and onc third
of this solution was added to the mixture. The mixture was refluxed to
start the reaction and the remsinder of the p-bromodimethylaniline solum
tion added at such a rate as to keep the ether refluxing. After the
addition of the p=bromodimethiylaniline the refluxing was continued for

cne halfl hour by heating on & steanm bath. DBy this time mearly 211 of the

jithium had reacted.

To a solution of pedimethylaminophenyl lithium, prepered as describ-
ed above, 2.8 g. of xanthyliun perchlorate (0.01 moles) were added in
snall portiona. A dark precinitate immediately separated out which was
recovered by Ciltration. The precinitate on the filter wes washed with
ether and the combined ether sclutions evsmporated to drymess. Recrys-
tallization of the residue from the ether solution yielded 2.0 g. or
667 of the theoretical yield of 9-(p-dimethylaminovhenyl) xanthene. The

melting voint was 1580.
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Resction of p-Dimethylaminovhenyl Idthium with Xenthone

A solution of p-dimethylaminophenyl lithium was prepared as de-

seribed above using 0.95 g. of lithium (0.137 gram atoms) and 13.1 g.
of p-bromglimethyleniline (0.066 moles). To this solution was added
1%.6 g. of xanthome suspended in 150 ml. of dry ether. The solution
was refluxed for ome hour, with stirring. The lithium compound wes
decom osed by pouring the contents of the ilask inte 200 ml. ef ice
water. The excess lithium decomposed gently. The insoluble white pre-
cipitate which formed was removed by filtration. The ether layer was
separated, dried with anhydrous sodium carbonate and then evaporated to
dryness.

The light yellow solid remaining after the evaporation of the ether
was recrystallized. It melted (decomposed) from 1#5—1500. When
dissolved in acetone and treated with dilute hydrochloric acid a blue
solution was formed indicating the presence of 9-{(p-dimethylaminophenyl)
xanthenol. However, the znalysis for nitrogen was significantly low and
this solid was probably a mixture of the unreacted xanthone and the a=
bove compound, such a mixture would be colored in acid solution.

The white insoluble solid was recrystallized from ethanol-acetone
and water. It melted (decomposed) at 191-192°. This compound also
produced a blue solution when dissolved in acetone and acidified with
dilute hydrochloric acid. The addition of dilute base to this solution
rendered the solution colorless again. This golid analyzed to be 9=
(p-dimethylaminophenyl) xanthencl. The yield was 10.8 g. or 51% of
theory.

Analysis: Calculated for OpHyg0,N €, 79.2 H, 6.3k N, b.bo

Found: €, 79.7 H, 6.35 XN, L.59
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Reduction of 9-(p-Dimethyleminophenyl) Xanthenol to 9=(p-Dimethylamino-

he thene

One gram of 9=(p-dimethylaminorhenyl) xanthenol (0.0031 moles) was
dissolved in 25 ml. of 90% formic acid, which conteined 0.5 g. of sodium
carbonate. This solution was refluxed for one hour. The original solu-
tion was a very dark green which turned tc blue on heating. The blue
color faded on refluxing and after standing for twelve hours a very light
green solution was obtained. The solution was poured into water and a
white preecinitate formed. The white solid was recovered by filtration,
washed with water, and recrystallized from ether. White snow-like
crystals were obtained melting at 158°. The yield of 9-(p-dimethylamino-

phenyl) xanthene was 0.77 g. or 63% of theory.

Preparation of the di-Pe orate of Dime aminophe Xanthe

Threc and two tenths grams of 9-{p-dimethylaminophenyl) xanthenol
were dissolved in the minimum amount of dry ether and 2 ml. of 70%
perchloric acid dissolved in 8 ml. of acetic anhydride added slowly and
with vigorous shaking. The solution turned blue with the first addition
of the perchloric acid-acetic anhydride mixture. Further addition caused
the formation of a blue or green precipitate and finally a light yellow
precinitate was formed, Thig was filtered, washed with glacial acetie
acid, and finally washed with dry ether. The yellow solid which was
somewhat hygroseopic was dried to constant weight at 105° in an oven.
The melting point (decomposition) was 247°., Analysis indicated that the
perchlorate of the carbinol and the perchlorate of the dimethylamino
group had both formed.

Analysis: Calculated for 02131909012N C1, 14.18 TFound Cl, 14.46



SUMMARY

Three new compounds were prepared and a fourth, whose melting
point as given in the literature was only approximate, was prepared,
analyzed and its melting point redetermined.

9-(p-Dimethylaminophenyl) xanthene was prepared by three different
methods. It was prepared from xenthylium perchlorate and dimethylaniline,
from xanthylium perchlorate and p-dimethylaminophenyl lithium and by
the reduction of 9-(p-dimethylaminophenyl) xanthenol.

9-(p-Dimethylaminovhenyl) xanthenol was prepared by reacting
xanthone with p-dimethylaminophenyl lithium. VWhen dissolved in acetone
and then treated with dilute acid this compound yielded a blue solution
which turned a deep green and finally yellow as more acid was added.

Xanthylium perchlorate was prepared from xanthydrol and 70% per-
ehloric acid., Since Hofmann, Roth, Hobold, and Metzler (1) listed the
melting point (decomposition) as asbout 235° this compound was analyzed
and the melting point redetermined. The melting point (decomposition)
obtained by this author was 234-235° which substantiated the value given

above.
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