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I INTRODUCTION

In the proposed work the heterocyclie molecule
thisxanthene will be utilized as a nueleus to prepare a
inggber of eompounds which might reasonably be expected

'§;h§;§g'of some value as chemotherapeutic agents. A corre-
" ;§i uien between strueture andAphysiologieal activity will
»  Qf§9?ﬁttempted in so far as allowed by the rather meager

ihrarmation furnished in the literature.
1 It 1is beyond the scecope of this work to attempt to

;k‘ray@rt and e¢lassify all of the derivatives of thiaxanthene
»  f]§$§ ro1ated ¢ompounds that have been reported.' However,
4"ff§é£§ knowledge of the chemistry of thisxanthens end 1ts

 §§§r0sponding ketone, thlaxanthone, is desirable in order

Q7né @naerstand the neture of the problem and the difficulties

:ﬁeeuntered in its solution. No attempt will be made by
:ga“ﬁuthor to include any ring'substituted compounds, most
V  ?fg¢ iihieh are prepared by ring closure. Only two ease# of
  i§,§st1tut1on on any thiaxanthene type structure have been
i*feécrted. We will, however, attempt to discuss the chemis-
""7f [lgry of thiaxanthene which contains both an oxidizable methy-

' “@g%@ﬁg group and & sulfur atom as bridges between two aromatic

. rings. It will also be necessary to present a partial re-

iew of the 10-substituted thiaxanthenes since these relate

‘Q @ rectly to the problem.
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IT HISTORY OF THIAXANTHONE AND DERIVATIVES

 Th1axanthone¢ (II) Thiaxanthone, the sulfur analogue of

the better known xanthone (I), was first prepared by Ziegler

in 1890 (1).
e C &
e °
«'Illlticy:[:::] ' s
Xanthone -Thiaxanthone
(1) (11)

;EQ‘eaupled dlazotized anthranilie acid with thiophenol in
ikaline solution to obtain 2-carboxyldiphenylsulfide (III).

‘R7#Rﬂagﬁelosure of this compound to thisxanthone was acecomplished

ij§j{hoating with concentrated sulfuric scid for a few minutes.

(111)
The compound may also be prepared in rather poor

i §s‘by prolonged heating of thiosalicylic acid with acetlc

1de or by dry distillation of the phenyl ester of thio-
eylic acid (2). Smiles (3)(4)(5) and his colleagues,

. over a period of years, synthesized thlaxanthone and some
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, - =3-
sﬁhstituted derivatives by direct condensation of either
@—earbexybenzene sulfinic acid, dithilesalicylic acid or
bhiasalieylic acid with benzene or other aromatie compounds

| }in concentrated sulfuric acid. The mechanisms postulated

48miles for these condensations are rather interesting.

reaction of o-carboxybenzene sulfinic acid (IV) with

ene is straightforward enough; thiaxanthone-oxide (V)
”*qjtiiafbrmed as an intermediate by loss of two molecules of
',watar between the acid groups and the benzene molecule. The

;;salfexide is then reduced to (II) by the original sulfinic

id which is in turn oxidized to the corresponding sulfonic

q %
EToH Hi$0 ¢ c
,_"_.9
M S
¢
(V)
(o)
i
| Q Coo #
+ —> +
S‘O»H - S < s a3
(I1D)

H}While this method yielded a satisfactory product it is not
yytqry,efficient since 1t requires the use of two moles of
"ff_éia‘salfinic aclid for every mole of thiaxanthone produced.

| ”Aa 6~carboxybenzene sulfinic acid 1s only prepared with some
 1 é1ff1culty, this synthesls did not prove very practieal from
i;a proparatory standpoint. In the condensationd of dithiossl-
h‘i@ylie acid or thiosalicylic acid with benzene, an unisolatable
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—dw
o-carboxyl sulfenie acid (VI) is formed as an unstable inter-
‘medlate. This intermediste then condenses with the bensene
ring by_loss of two moles of water as shown in the accompany~

C‘yingxéiagram. ‘The thiosalicylic acid may be first oxidized

 '§he dithlosalicyllic acid or converted directly to the un-

Elé‘intermediate. There is no evidence to indicate which

5tion actually occurs.

/
[/
c—of/// g
#605
H

\SOI‘I( S

(Vi) {11)
* 8o *+ H O

Thbﬁyields In these condensation reactions were reported,
“‘,éﬁrﬁrisingly enough, as excellent. For example thlaxanthone

':5ﬁa§-ebtained in a ninety per cent yield by the condensation

‘afbﬁhiosalieylic acid with benzene. The ylelds using aithio-
a_&kaiiéjiic acld and benzene were sllightly lower, but slnce
kﬁh@@ﬁalicylie acld i1s usually prepared by the reduction of
 &££§108&11@311@ acid, the overall yield of thiaxanthone from
ithe,eondensation using either the mono or dithiosalicylic

aeid is sbout the same. However many side products were
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8w
‘piadnced when phenol was substituted for benzene to form
;2~hydroxythiaxanthone and the yield was therefore very low.
i Fritz Mayer (2) reported the condenaation of two

 §@1eeu1es of thiaxanthone to form dithiaxanthylenme (VII).

resction is ansleégous to one carried out in the xanthone
@byte form dixsnthylene (6); zine and hydrochloric acid

 the reagents used to carry out the reaction.

s

SR A ( II) . K 5

Y (VII)
"'F‘Aa might be predicted of a condensed molecule of this type,

#h@axanthylene was reported as being a high melting (346°)
 §m.éréérysta111ne s011d which was insoluble in most organie
:‘~)§;1€ént$. Dithisxanthylene was later prepared, evideﬁtly in

: purar form, by Ardnt(7). He prepared the sulfur analogue of
f;1 thiaxanthone, thiaxanthione (VIII), by the action of phosphorus

'?pentasulfide on the former compound. He then condensed two

fmnleeules of thiasxanthione by the use of copper bronze.

S
(VII)
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C =6~
_Bithiaxanthylene prepared by this synthesis melted at 365°
to & clear colorless melt. Ardnt found that the condensed
“,eemp@und would not add bromine across the double bond;

‘1nstead six atoms of bromine added to the compound to form

' psrbremide. Dithiaxanthylene was oxidized to dithiaxanth-
ﬁa.dioxida, a eompound whiech 1is described as darkening

‘Qﬁhere between 380°. and 500° and melting to a brown

 1iquid at the glowing point of platinum foil. The double
‘;béndvin~this compound was inactive and thus was unaffected
T?byfkramine. Schoenberg has prepared and studied these con-

”373f¢§ﬁ§9é type compounds for many gears and recently a review

| ‘7fh&sfbaen published containing references to some of his many
'7~;j§apora (8).

Several 1nvestigators (1)(9) tried unsuccessfully

yﬁa”gxeparo an oxlime or a phenylhydrezone of thiaxanthone,

. iver, the ketone is amctive enough to react with the

. ffdéiggara reagent (10)(11).

fﬁggiaxanthene. (X) Around the turn of the sentury, Graebe

,aﬁﬁfSehnlthess (9) econtinued Ziegler's investigation of
éjyﬁkﬁylthiosalieylie aeld and its derivatives. They repeated

ﬂ f' ‘ igglér'a synthesis of thiaxanthone and then reduced the

< é%@geﬂby means of hydriodie acid or red phosphorus and

© lodine to diphenylmethane sulfide or as it is now called,
H fj £h4§§anthane. They also synthesized the compound byipassing

ayl-o-tolyl sulfide (IX) through a red-hot tube.
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K,
LTSN N C
| —2— |
S y +Zae N S
(1X) , (X)

;?éktly Fehnel (12) reduced thiaxanthone to thiaxanthene by

o _Huang-Minlon (13) modification of the Wolf-Kishner reduc
”;tiéﬁ.‘ To this day no synthesis capable of being adapted to

‘    fgiriy large scale prepsration has been reported for this

k‘~‘g§§@§éﬁnd. This fact precludes work on substitution or other

étions of thisxanthene.

. Aecording to Hilditeh end Smiles (14) thiaxanthene

‘ ‘yin en unusual manner toward oxidation. They report
iﬁggailﬁyvadding hydrogen peroxide to a solution of thiaxan-
~~ 239 in cold aeetic»acid, warming to the boilling ppint and
01 #ing the oxidation product they obtained the expected
axgnﬁhnne (II). However, by adding the same strength of
i ‘gsn peroxide to‘a solution of thlaxanthene 1n bolling
- ae tié acid they obtained thiaxanthene-5~dioxide (XI) and

gg;f*};ﬂ5ne ather product. Both of these compounds can be converted

Jte‘thiaxanthene dioxide (XII) by further oxidation.

o

°°? @ (II) |
0 0”
%,

S

07—

(XI)
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Thisxanthene crystallizes as white needles from a

#ixture of alcohol and chloroform; its melting point is

~

. Thiazantheme-5-dioxide. (XI) Thiaxanthene-5-dioxide is

. intermedlate in the oxidation of thiaxanthene to XII or in
‘the reduction of XII to XI. It can actually be isolated

'lpiﬁhar in the oxidation or in the reduction process (9)(14)

s illustrated in the following diagram:

H,, H. 7
c < cC
0= Q0= L
S N S S ;
S, o)

v 8
X (X1) | (XII)
. The material cen also be prepared in rather small ylelds by

e ﬁf@éfment of diphenylmethane with chlorosulfonic acid (15)(18).

Hy

L %‘;~  .a :’ \\\! l - :]::::]

s ‘ m\s/ou ~ s

» I;:grystallizes from alecohol in colorless needles which melt

"~ sharply at 169-170°,

~ Tnlexenthone-5-dloxide. (XII) This substance was first
e

scribed by Beckmenn (17) who obtained it as a by-product in

? ‘
¢ .
? ,
N ‘
0, .

i (X11)
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‘Z:l@gler (1) and later Graebe and Schulthess (9) prepared

| : ,‘the eompound by oxidation of thiaxanthone. All of these
_inveatigatcrs reported the materlal as being yellow erystalse
'Lﬁﬁgrfinvestigatora (18) found that the compound crystallizes

;;ggﬁgalorleaa needles from alcohol or chloroform and melts at

Thisxsnthone-5~dioxide is the end product of the

‘;iiaation of sny of the thiaxenthene intermediates such as
 th1axanthene (9)(15), thisxanthene-5-dioxide (9) or thiaxsn-
“uth@ne (9)(15) etes The oxidation of thiaxanthone to XII

f“{ g;“}ggrticu1ar has been investigated thoroughly and the oxi-

, ,' ;5‘ i@n carried out with numerous oxidizing agents ineluding
o u :shramie acid in ascetic acid, sodium dichromate in sulfurie

  aeid (9)(15), hydrogen peroxide in scetic acid, and potassium

persulfate (18).

: At approximstely the same time, and by independent
“J? i§§§st1gators,‘the compound was prepsared by ring closure of

’ :§;§§§§ylsulfon§-2-earboxy11c acid (19)(20).

0 0
it I
. qud 488
B | _ N
S 5
‘02. o?.
(XII1)

ngf  u1‘ggnn and Lehner (19) closed the ring by the use of con-

rated sulfuric acid at fairly high temperatures, while
and Doughty (20) cyclized the compound by heating
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”'gl‘ﬁ,aeneentrated sulfurie acid for a longer period at lower

”T ff@r&§uras.

- H The color reactions reported by Graebe and Schulthess
fiféthhé partial identification of this eompound were,fully
wﬁv%fied by Weedon and Doughty (20). The compound, upon

'QJEQb ing hested with alcohol and strong potassium hydroxide

}ution, develops a deep blue coloration which disappears
' when the solution is cooled and reappears when heated. By

~h§§ting with aqueous alkali and zine dust the same color is

“ ¢ tg¢p9rari1y developed but is destroyed by continued setion.

o fg#gerding to Ullmann (19) the color is also produceéed by vats;

 ting with sodium hydrosulfite much as the blood-red color

 of vatted anthraquinons is produced. If the solution is

'5f ffi1tered and allowed to stand fine crystals appear.

‘Thiaxanthenol-S5-dioxide. (XIII) Recently the peculiar

_“%¢f @r reaet1on of thiaxanthone~dloxide attracted the atten-
? £§§é of several American investigators and thiaxanthenol-
VJQiégido (XIII) and other derivatives were 1solated indepen-
"éeﬁtly; Heymann (21) reduced thiaxanthone-dioxide‘by means

~ of zinc dust and dilute scetic acld. Fehnel (12) obtained

v f§l§ ¢ompound by the same method of reduction and in sddition

'wy'},usad,aodium hydrosulfite as a reducing agent. It seems then

_that thiaxanthenol-dioxide ean be obtained by reduction of

1  hiaxanthone-diox1de in either acid or alkaline medium.

Thiaxanthenol-dioxide or the corresponding acetate
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‘glve the same intense blue color in alkaline solutions which
k‘Giéyﬁé;first noticed with solutions of thiaxanthone-dioxide
 L;gi§; ine dust and alka@i. The color reaction of Graebe»ia due
‘:‘,th;npfore not to the thiaxanthone-dioxide but to 1ts reduction

pnaﬁuat the thiaxanthenol-dioxide. Upon shaking the blue

k ]fﬁikﬁiine solution of thiaxanthenol-dioxide in air the color

| ”:i“aissharged and thiaxanthone-dloxlde precipitetes. This
'f  j?éé§t1én is no doubt due to air oxidation. The investigators
of this phenomenon seem to favor the formation of a free radi-
"fi ?§ﬁ1i(A) intermediate between the thiaxanthenol-diokide and
 7ff gé§;a0mplete1y oxidized form, which 1s converted to a semi-
;fféﬁiééne ion radical structure (B) which is, in turn, easily
"  if°iiéiz°d to thiaxanthone-dioxide. The following scheme 1is

THT
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Pehnel (12) has studied this reaction and has arrived at
'qssantially the same conclusion as to the structure of the
| ::;nférmadiate ion in the oxidation of thiaxanthenol-dioxide
“‘ ~-;ﬁéy@hiaxanthone-dioxide. However Fehnel tends to support

'A.~§5'~vqlent seml-quinone ion similar to the one shown in the

rem (i€) where sulfur has expsnded its valence shell

include ten electrons.

| | Thiszenthene-5-oxide. (XIV) Filditch and Smiles (14)
 f;rst prepared this ihteresting intermediate 5y mild oxida-
‘tiaa af thiaxanthene. They used hydrogen peromide in acetic
iz lgﬁgyaride below 35° or the theoretical amount of potassium
: §§#ﬁggganate with a 1little sulfuric acld in acetone at its
"'fgéiiing point. The mild oxidative conditions were necessary
“  té;pfe#ent formation of the sulfone (XI). Thiaxanthene-5-

 oxlde crystallizes from benzene and melts at 109-111° which

s ?ather close to the melting point of its isomer thiaxanthe-

" (XV) previously prepared by other investigators.

00 QLD

NP
0

T (XIV) (XV)
In order to differentiate between the compounds, Hilditeh
};@ga;smiles first resorted to & mixed melting point (70-80°

L finite); further they showed that the compound melting
n‘{ '“3\ 199~111? did not form a benzoyl or acetll derivative and

‘that further oxidation with the theoreticel smount of
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potassium perﬁanganate in cold glaclal acetic aecid 3191@9&
ﬂ&&é;ebrfésponding sulfone, thiaxanthene-5-dioxide, while
 ‘§£@g§Ompound melting at 103-105° and presumed to be thia~
! §§§£hénol, easily formed a benzoyl derivative and further

 {6'7d§tion of this compound yielded thiaxanthone. Both

*f _ﬁpéunds formed thiaxanthylium salts with mineral acids
t only the thlasxanthenol formed a stable red ferrichloride
ﬁgaﬁplox. Thiaxanthene«~oxide formed the normal yellaw addi-

tion compound with ferric chloride.

daxanthenol or 10-Hydroxythiaxenthenei (XV) Thiaxan-

jei is & rather unstable compound which was first prepared
 fb,}Wbrner in 1901 (22) by reduction of thiaxanthone with al&b-
,‘*f§§iib sodium hydroxide and zinc dust. He found that the

 material dissolved in mineral scid solution with the form-

 ation of an intense orange-red color. This intense color -

presumed to be due to the formation of thiaxanthylium

ts. Werner also prepared a crystalline perbrcmide of the

| fgc@ggé&nd by passing bromine vapors into a solution of the
  £&%¥ébrom1de of thiaxenthenol. The resulting compound had
43#§§ £crmu1a 0153933”5 and might have several conceivable

e Mayer (2) later prepared XV by substituting potassium

719£5x1ate for the corresponding sodium derivative and he

‘rted a smoother reduction by adding the zine dust por-

nwise. Hilditch snd Smiles (14) using Mayer's method
"L[gﬁﬁggartgd erratie results and low ylelds. The yiold‘wag

‘y;@yreved somewhat by excluding air from thefvesséltahd
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 maintaining eareful temperature control. In addition to
;dgfferenxiating between the isomers (XV) and (XIV),
"‘«fﬁilditch and Smiles (14) extended Werner's work on the
"jl@tien of acids on thiaxanthenol. They obtained a brick-.

':krad arystalline precipitate when they saturated an etheresl
,_~selution of thiaxanthenol with dry hydrogen chloride gas.

o material was not stable enough to analyze (hydrolyzed -
 almost immediately back to XV) but did form a stable red

‘ ;*f§rr1eh1or1de complex compound of formula C;3HgCl-FeCls
f‘~ﬁhiéh.melted at 192-193°. The ferrichloride salt also was

':Vf é'ii1y econverted to thiaxanthenol by an alkaline medium or

by water.. Upon allowing the thlaxanthylium chloride

f'f(xﬁi)'to stand in a desiccator the material was converted
~ f  in$e an isomeric colorless compound shown to be the stable

laxanthyl chloride (XVII) melting at 112-113°. The re-

“;anship between these compounds c¢an be shown more easily

k b _(;:*yt;h‘e' following dlagram:

1O R _ALKAL)

Ckrl

D%QDMKAU @D

cl Cowf:fiiﬂd//,,////’
REe N\\\\‘“-J&EﬁLﬁﬂL

bRy or Aqueods

o (v (XVII) R (XV)
. In view of later evidence introduced by Gomberg(ll) and

__others in their work on 10-pheny1thiaxanthenol\agd‘ré@aaning
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bi;analogy it seems likely that the compound postulated
as thiaxanthylium chloride might in reality be a chloride—

; ‘;,hyLraahlcride such ag 1s formed by the 10-phenylthiaxanthenol.

hloride to yleld the corresponding colorless 10-phenyl-
thiaxanthenyl chloride. Further it also forms a ferrichlo-
,kﬁvsalt whose analysls corresponds to that of the sulfo-
',ﬁ;agvrerrichlorido'salt. The thisxanthylium chloride was

 not analyzed by Hilditch and Smiles but the formula was in-

4v:3fﬁf§f#ad‘from the analysis of the ferrichloride addition ecom~
I 1. As can be seen from the work on 10-phenylthiaxanthenol

-&hié}might easily lead to erroneous conclusions as to the

jr&gposition of the compound. Only an analysis of the red
;‘axanthylium chloride compound will revesl 1its true nature.
~ Like thiaxanthenol (XV), the isomeric thiaxanthene-
 b (XIV) 1s converted into the same highly colored thia-
“ x§a,ky11um salt (XVI) by the action of mineral acid, although
'~ ‘, 1£§§‘react1on is somewhat slower than in the case of thisxan-

. iﬁhﬁﬁol. Thiasxanthene-oxide can thus be converted into thia-

i?;anthenol by the alternative treatment with acid, then water
{ﬁar alkali. Hilditch and Smiles postulsted the following

 mechanism.
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'Thiaxnnthenol when heated alone or in acetic acid, acotic
7 _ anhydride or other solvents (acetyl chloride and pyridine)
”' *1ntrame1ecu1ar1y dehydrated to form the thiaxanthenyl ether,

V,'_a pale yellow ecrystalline compound which melted at 314—5150

s
ot
& 0
-—ﬂo 3 0
o
S
(XV) : s

: - Later work by Finzi (23) confliets with some of the
J~?pg§ulta of Hilditch and Smiles. Finzl claimed that thiaxan-

?;ﬁh@@él upon heating, or by refiuxing with acetic acid, yielded
@ mixture of thiaxanthone and thiaxanthene rather than the
#@ﬁthenyl ether as reported by Hilditch and Smiles. He
freported the production of thiaxanthone and thiaxhnthane

refluxing thiaxanthenol with very dilute (.01N) hydrochlam
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HCL Z Y
+
/-Mc . S
’ (11)

(X)

N

(XV)
’ :?§é§t1y Schoenberg (24) reported that by heating thiaxan-
é@@1~to 120-130° for ené hour he obtained thiaxanthene,

B ';}thiaxanthone, and dithiaxanthylene. In sddition Finzi found
‘~ { thgt ‘thiaxanthenol 1s easlly oxldized to thiaxanthone by
sl aric acid or atmospheric oxygen. Thilaxanthenol or the
aafl68ponding thiaxanthyl chloride are converted by an excess

 of ammonia to dithiaxanthylamine, melting point 168°. (XVIII)

/ c\m
SN l SN
.10=-A1kyl or aryl derivatives of thiaxanthenol. It has

(XVIII)

ﬁ;fiéiéa previously mentioned that the Grignard reagent reacts
( :w1§ﬁ thiaxanthone to produce 10-alkyl or aryl thlaxanthenols.
_gafﬁral of these compounds have been prepared and,ﬁéé'ane of
* §¥ 13 of special interest as an intermediate, a study of

ese compounds is indieated.
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~ Phenylthiaxanthenol. (XIX) This compound was first
Lﬁérépared by Earnzly and Decker (10) who introduced a benzene
‘ ,§§;ut1on of thiaxanthone into an ethereal solution of phenyl-

 ";‘§§ghasium bromide. They isolated the product as white

. compact crystals of melting point 105-106°. They also

| éﬁﬁd that the compound was similar to thiaxanthenol in

ta;ehemical action since it forms dark red sulfonlum selts

;;ﬁineral acid solutions and a stable red ferrichloride
~¢amplex which erystallizes from acetic acid saturated with
*    ﬁydr¢gen chloride gas. The latter crystals are tiny dark

'! *7f}r§d‘need1es melting sharply at 169°. ILike thiaxanthenol,

ﬁ iﬂ£;reacts with the requisite inorganic salts to form the
"?féé?rQSPOHding mercuric chloride salt or the cadmium bromide

'ffsélt, both of which are stable red compounds. A tribromide

“éf 10-phenylthlaxanthenol was also prepared by these inves-
kﬁlggtors; it wass reported to melt at approximatelyilsoo.f
éérding to Barnzly and Decker (10), when the material was
rystallized from-absolute alcohol it was converted to the
 ethyl ether which they reported as melting at 76-77°. Mo
 ~;§ng1ys1s of the compound was advanced to substantliate their

  5§?Op0sed structure.

1 Seversl years later Gomberg and Cone (Il) repeated
| !?héfwork of Barnzly and Decker and improved the ylelds of
*loéphenylthiaxanthenol by adding dry pulverized solid thia-
£ ﬁgnthﬁe to phenylmagnesium bromide in the Grignard addition

'”7 anction. They prepared a stable chloride~hydrochleoride of
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‘the material by saturating a chloroform solution of 10-

| bhnnylthiaxanthenol,'aontaining a few drops of acetyl
'ehlaride, with dry hydrogen chloride gas. The solution

'?vas intensely colored snd deposited dark red erystals upon

‘f‘t;fatment with dry ligroin. Gomberg and Cone (11) sasigned

~ ;;a;quino1d type structure to this compound and called 1t

‘-5  §#gy1quInnthiaxantheno1 chloride~hydrochloride (XX). A

 more logical structure might be & simple Bulfenting!’un
,aﬁlt (XX1). At any rate, the analysis of the compound showed
,thgfpresence of at least one molecule of hydrogen chloride.

‘?~,£§gftotal chlorine content agreed with the theoretical amount.

H " H ,C’l =+
C c '
el . et
 Hel
S Y §‘+
(XX) - = (XXI)

-10~Phenyl-10-chlorothiaxanthene. (XXII) It was further

 ’35fiu1t by Gomberg and Cone (11) that dry air passed through
  ;a~heated suspension of the il Bulfonipmius salt of 10—phenyl-
thiaxanthenol in dry bengzene removed a molecule of hydrogen
'r‘QYIEthoride leaving 10-phenyl-10-chlorothiaxanthene in solution.
jif;;gﬁhg material was isolated as pink-tinged crystals (m.p. 114-
’115-0) which quickly hydrolyzed to the corresponding 10-phenyl-~-
7] th1axantheno1. Treatment of the ehloride with finely divided
: 1ailver gave a brown-red solution of the free radical phenyl-
;tn;a;anthyl in benzene (11); a peroxide was presipitated when

,-,airfﬁﬁs forced through the solution.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



e The melting point of this peroxide was not sharp although

'Q:;tha compound was 1solated as colorless hexagonal prisms

h_aintered at 175-180° and finally melted with decompo-
on at 187-188°.

flG-Pheqyl 10~aminothlaxanthene. (XXIII) Treatment of

fthe ehloride-hydrochloride of 10-phenylthiaxanthenol with
‘eeua ammonia gave e mixture of 10~-phenylthiaxanthenol and
ﬁenyl—lo-aminothiaxanthene. (25)s The pure amino compound
afba obtained by the reaction of armonia and the ferri-

loride salt of 10-phenyl-10-chlorothiaxanthene.

LV |
el My |+ Fe (oK), +4NECL+H
4‘/\//,1%0//
s
(XXIII)

(iaisubstanos recrystallizes from bensene~ligroin as yellowish

ed prisms, melting point 118-120°.
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ﬁilOeBengylthiaxanthenol. (XXIV) Decker (26) also inves-

‘tigated the action of benzyl magnesium chloride on thia-

'jxhﬁ Bane. He succeeded in separating two compounds from

. fti a reaction; the expected 10-benzylthiaxanthenol and
| :"f‘Qﬂélghbenzalthiaxanthene (XXV). The latter compound is undoubt-

f éQd\yfformed by dehydration of the former, a tertisryyalcohols

: eH ¢l @ ! H
(11) | (XXIV) (xxV)
~ The alecohol can be recrystallized from ethyl alcohol or a

y fhighvbe111ng petroleum ether as a white crystalline compound
jéimg at 133°. The compound dissolved in glacial scetic
a{tc;fonm a colorless solution, but sddition of = minéral
"ff;hg ﬁyihtroduced the famlliar intense red color of s fulsven-
‘Qm:_j&mw salt. Unlike the corresponding 10-phenyl hbmologue
' ,;th1s material did not form an ethyl ether by recrystallization

T , fi5rng‘abso1ute aleohol.

- 10-Benzylidenethisxanthene or 10-Benzalthiaxanthene.(XXVE)

'Fféfﬁié‘material, as mentioned above, was formed as & by-product

k°jfdaring the reasction of benzylmagnesium chloride with thila-

: 5xnnth0ne. It was rather easily separated from ths other pro
| '”;O-benzylthiaxanthenol, by virtue of 1tsvgreater solu-

5y in low-bolling petroleum ether. The carbmnolieould
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' §§ easily converted into benzalthlaxanthone by heating to
~ 1§6°1or by refluxing in glacial acetic acid. The benzal

'“‘ ~é§hpound separated as slightly colored needles melting at

,iééllso. It was soluble in glacial acetic acld forming a

i”éﬁlarless solution, but like 10-benzylthiaxanthenol formed
  §§6;1ntense1y colored sulfonium sslts with mineral dcida.

It seems likely that one molecule of acid first sdds across

t@@'double bond. Addition of a solution of ferric chloride
"§Q a‘concentratad hydrochloric acid solution of either
‘fiﬁébenzylthiaxanthenol or 10-benzalthlaxanthene ylelded
“‘,iggéiieaflets of the ferrichloride double salt (melting point
~  [1§5°). Both compounds yielded the same mercuric chloride
‘t:géguble salt.

lG-Benlethiaxanthene (XXVII) Decker (26) reduced 10-

° nzy1th1axantheno1 to benzylthiaxanthene by the use of
fﬂricdic acid in acetic anhydride. The material was re-

‘ %téd to be oxidized to thiaxanthone and benzaldehyde

"”ﬁﬁi;the use of ferric chloride. It erystallized from alcohol

_and melted at 127°.

10-Methylthiaxanthenol. (XXVIII) This compound has never

‘ieényisolated‘in pure form. JWhen methyl magnesium iodide
’ fiyas reacted with thiaxanthone (26) an unerystallizable oil
 was obtained which paptly solidified at 17° and remelted at
| ffg@?Q' Decker claimed this compound to be 10-methylene thia-

‘°°/fpxanthene and stated that the 10-methylthiaxanthenol could |

n ]vnot be isoléited because it dehydrated to the corresponding

hylene compound. The lo-methylthiaxanthenol compound
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ﬁ;.being unstable could not be analyzed; however the complex
]ma"urie chloride salt of this compound was isolated as red

rown orystals (melting point 156-160°) and analyzed. A

' 7lr{,ferr1e chloride salt was also prepared. Curiously enough,

J:vf_;thi7mgthyl ether of 10-methylthiaxanthenol also resulted as

'< :§r9duet in the Grignard reaction of methyl magnesium iodide

thfﬁhiaxanthone. It was obtained as colorless hexagonsl

@8 which melted at 198-199° with the evolution of gas.

,§ 
- The eempound was unusual in its behaviour in that it lost

'3 {meth11 alcohol when heated to 50-60° and was thereby converted

 "inta:the unsaturated uncrystallizable oil le-methylene-thia-

' 7 lifxant ene (XXIX).
- 10-Methylene-thiaxanthene. (XXIX) A by-product of the

”?&rignard reaction previously mentioned, this material was

“tgble in eir and rapidly oxidized to thiaxanthone; 1t was
sefore difficult to purify end crystallize. It formed
‘auifonium saltsvwith mineral acids and complex salts

‘1£h9 usual inorganic compounds.

~ 10-Methylthlasxanthene. (XXX) Reduction of 10-methylene

 *5:,t?@»¢°1°r1°S5 10-methylthiaxanthene. This compound melted

yttﬁjﬁtﬁ?éé and was easlly oxidized to thiaxanthone.

o }GﬁBenzhydryl»thiaxanthenol. (XXXI) Bergemann and Corte (27)

'v anfZi§§d 10=-bengzhydryl-thiaxanthenol by the action of diphenyl-
’ ?ﬁé h&i sodium on thiaxanthone. The material ecrystallized |

-J_Qﬁrgnggropyl alcohol 1in long needles melting at 208°.
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1 10-Benzhydrylldene-thiaxanthene. (XXXII) Dehydration

i k‘Wef 1@-benzhydryl—thiaxanthenol by heating with acetyl
“‘!~f;fehlaride gave a quantitative yleld of 10~benzhydrylidene-
'*7ﬂpl'hiaxanthene as colorless crystals of melting point 245 .

éé erystals showed unusual thermochromic properties:;
@péﬁ]heating in melted naphthalene or ssters of phthalic
a1ﬁfthey assumed a strong yellow color which disappeared
_Wﬁ‘éobling. This property seems to be common to some
urematie substituted ethylenes. Bromine added to the double

‘7b¢nd to yileld a rather unstable red dibromide which readily

?*:fgleat bromine.

lQePhenylthiaxanthenol-dioxide. (XXXIII) This material

ylfngn be prepared elther by the oxidation of 10-phenylthia-
'* 77f$;gth5no1 or by the action of the phenyl Grignard reagent

Wn thiaxanthone-d1oxide. (23). The latter reaction gives
f#ajxure of the desired product and unreacted thiaxanthbne-
1axidé 80 the former reaction is to be preferred. 10-Phenyl-
‘;__faxanthenol could not be smoothly oxidized to the corre-
"apanding dloxide by the use of the usual reagent, hydrcgen

Lo ;f,paroxide, but chromic acid in acetic acid gave an excellent

‘,f,ﬁield of 10-phenylthiaxanthenol-dioxide. The compound recry-
7& &£&111zed from acetic acid or from a mixture of chloroform

""  apd absolute alcohol as white needles which melted at 224-225°.

0-Phenylthiaxanthene~dioxide. (XXXIV) Reduction of

phenylthiaxanthenol-dioxide (XXXIII) with stannous chloride
" and hydrochlorie acld yielded 10-phenylthiaxanthene-dioxide.
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1?ﬁ§imatér1al recrystallized from acetic acld aé colorless

‘}neadles melting at 193-194°, Gomberg and Britton (28)

" re unable to oxidize this compound to 10-phenylthis-

 7h9no1-diox1de, 8 behaviour which 1s not shown by the
glgaély related triphenylmethane compounds. ‘
inFPhenzl~lo-ehlerothiaxanthene-dioxide.(XXXV) Unlike

'henylchloremethane which is easily prepared from the

5§§ponding triphenylcarbinel, 10—pheny1410-ehlerothia-
xaﬁthsne-dioxide is prepared from 10-phenylthlaxanthenol-

| ;diaxids (XXXIII) only with great difficulity. Gomberg and

’    ‘B‘itton (28) found that treatment of the carblnol with hydro-

‘“53f:¢atn ehloride in ether or benzene, boiling aeetyl chloride,
‘ifiﬂthianyl chloride or phosphorus trichloride did not yleld

'3f?fthgﬁexpected chloro compound. The compound was finally

‘ épared by fusion of the carbinol with phosphorus penta-
19r1de. A small quantity of red impurility of unknown
'ﬁ@ture always acecompanied the formation of 10-pheny1-
fhlerothiaxanthene—diexide. This chloro compound was
7-, §§1ubie in a large number of crganic solvents, recrystalliged
7v gf?am h1gh boiling ligroin as white crystals and melted at

. 3;5"’;’1610. It could be hydrolyzed to the carbinol by bolling
© with 80% acetic acid or with dilute alcohol.
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III PROCEDURE AND DISCUSSION

STATEMENT OF THE PROBLEM

kj It is proposed to prepare a series of alkamine
‘ ,12§;&§?5 of thilaxanthene and derivatives for use as possible
::';aﬁherapeutic agents. We will attempt to synthesize

’fééllewing series of etheras.

Mo / OCHOH, MR, C'/OM/ cH, R,

@ SO §

R\ o¢

L H _teheh R .
*;}f p . P
G o’-

In the followlng pages we will attempt to point ou£ 

cH NV

N
&
D

NSy

' f"»,;raeta which lead us to believe that these alkamine ethers
;thiaxanthene will exhibit chemotherapeutic aetivity.
| The use of dialkylaminoalkyl ethers as medicinals

”'ia aomyarativaly recent and not enough work has been com-

~ plet d to correlate structure to physiological activity to

;’*[‘any~great dagree. The main use of alkamine éthers~haa been

as antispasmodics or more speciflcally antihistaminies.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



: QQmpounds with proven therapeutic value and with structures

" 1ar to the structures of the derivatives we intend to

epare will be mentioned. In addition thiaxanthene der-

 THIAXANTHENE DERIVATIVES AS MEDICINALS

Onlyfthree simple derivatives of thiaxanthene have
:a§u reported in the literature as being active as chemo-
i thmrapeutie agents. Since we are endeavoring to prepare

medicinals utilizing the thiaxanthene nucleus, the structure,

f’thesis and physiological action of the previouily men-

héd compounds wlll be examined and any carrelation pésaiblo

; i _1‘be drawn.

-diethylaminoethyl-thisxanthene-10-carboxylate. Thiaxan-

]an@-lo-carboxylic gacid was prepared by treatment of thia-
inthene with butyl 11thium. The lithium derivative was
9§;reacted with carbon dioxide in the ususl manner to
‘fqlé~tha carboxylio acid.

sicusies

“f:ThQ acld was esterified by reaction with §-diethyleminoethyl
o %hlaride.

N, Coo o /4\ LoD, eH, A/é;A/)

e T
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'fﬁkig;work was carried out by Burtner and Cusic (29) and
 :1&§'by no means confined to thiaxanthene derivatives. These
n invsstigators prepared alkamine esters of the acids of un-

’ fvisaturated and partially saturated derivatives of naphtha-

: 1eae, anthracene, xanthene, thiaxanthene, gcridine and

7n.phenanthrene. 0f the compounds preparednfz-diethylaminoethylV

gthene-lo-carbcxylate proved to possess the greatest acti-
ﬁ_j against spasm 1nduced by acetyl choline. Recently
‘T'GQSic (30) reported this compound, when administered as the
'methobromide, to be as active as atropine as an antispasmodie
f and to be equal to tetra ethyl smmonium bromide as an auto-
’1kn§@1c blocking agent in the sympathetic nervous system.
 1 "'E§£éra of 9, 10-dihydrosnthracene-9-carboxylic seid proved
"  ]ﬁQ'be highly superior to all others when tested against hist-

ﬁi:kgﬁ;ne. Esters of thiaxanthene-10-carboxylic acid were only

‘ylfJdeut one-sixth as active as either of these derivatives bub

°{ffﬁéfé>mnch better than most of the other compounds tested.
S‘Enaauragingly, the thlaxanthene derivatives proved to have
a very low toxicity indicating that there 1s no inherent

  ,[;5@31eity in the thiaxanthene molecule.

| " [ Philbrook (31) indicated that replacement of the
:“'egrbozylic group in alkaminoalkyl esters by the ether linkage

‘1?y§§jngt scecompanied by loss of activity. He found slkamino-
B 7g1ky1 ethers of phenol to be about aé active as anesthetlcs

1 agftha¢corresponding alkeminoalkyl esters.
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< N OCH CH, N-R “Qcoocbie!{z VR,

~ In an analogous manner, alkaminoethers of 10=thiaxanthenol

ht reasonably be expected to be as active or perhaps

active than the corresponding‘alkaminoestthSOf 10-thia-
nt ne~carboxylic aclid, compounds which have been shown

,%agpéSSess antispasmodic activity.

i o Ot CH NR, i /0006/"@"/ W-R

‘*“+fI§f@ill be interesting to note the welghting effect of an

‘ﬁatic group on the number 10 carbon of alksmine ethers
ighiaxanthenol. Only & few compounds with an alkamine
'sr~linkage to a tertiary carbon have been reported. Simi-
y the oxldation of the sulfide linkage in these ethers
thiaxanthenol to the sulfone should introduce some new and
'-iii"efesting properties. Sulfones have long been used as

‘g&fuga in combating a wide variety of diseases and their

e ,ect here might be expected to be advantageous.

"aminoalkyl thiaxenthene. Recently Cusic (32) investi-

zand patented a series of xanthene and thiaxanthene

?gtivea for use as antispasmodics. The compounds corre-

- 5@gné°to the following general formula:
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H\ /CNHZ-”N,RR

.

c

f;lg the formula, X represents oxygen or sulfur, n equals

‘ﬁﬁ#ﬁéncr three, and R and R' are unsubstituted alkyl groups
’  éﬂﬂﬁst more than four carbon atoms.
n The compeunds were prepared from the resction of

‘jheféorresponding 10-1ithium compound and an alkaminoalkyl

VJ" 'ah1oride.
H A ‘ U~ Cn How W RR
C , O
+C7‘. .en th'N'RR :
X N XN\

":_f@hé“diethylaminoethyl derivatives of thiaxanthene and xan-

‘thene were both found to be superior to the diethylamino-

hyl ester of fluorene-9-carboxylic acid in anti-spasmodic

; During the last war, German investigators prepared
’f§;eémpound which has proven to be extremely active agsainst

 _5¢$3 Schistosomiasis in animals. The drug was pértiqularly

 "f§ect1ve against S. manosl in mice and monkeys, less so
;ggfinst S. hasemotobium and had no effeét upon 8. japonica.

_ﬁethod of preparation for this substance, 4-methyl-l-

"Hf;Qgrdiethylaminoethylamino)*thiaxanthone, was given by the
 §at1gators reporting on its pharmacology and phyaiologicﬁl

tivity (33). However, since Ullmann and Glenck (18) showed
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,timt “the chlorine in 4-methyl-l=chlorothiaxanthone co"_uld}
: ,,/ﬁei‘:”égsily replaced by any one of a number of primary amines.
fjf 9r;§mmonia, it 1s reasonable to suppose that the compound
'7;ﬁ§§ prepared in & similar manner from the reaction of the

~ 4-methyl-1l-chloro compound and diethylaminoethylamine.

=0

l
C

N Hy CH, CHy ¥ (C, Hg),

S
=

S

O

| CH, |
| ;Th¢ toxicity of this compound was not high. Wood (33)
f’fatates that mice and rats easily tolerate doses of 20 mgm.
““;’;'~-~9or kg. and that 5 mgm. per kg. might be considered a safe
”ffﬁase over prolonged periods.
- It would be of interest to see 1f dialkylaminoethers

4-methyl-1-hydroxythlaxenthone showed activity in the

' f;gggéitype of infections.

H
9 OcHCH N (e, Hs), ' 0 N—CHC'L/Z’V@:.’%’)J.

on ax

Again the structures are much the same, a polar -NH~- group
h.aa been replaced by another polar group, =O-; activity of

| 1bhp«two compounds might be similar, although in some cases

| fquplacement of an ether linkage by the amino linkage results

1na surprising loss of activity (see page 34).
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50
' GOMPOUNDS HAVING STRUCTURES SIMILAR TO ALKAMINE ETHERS OF
“‘TEIAMTHENOL
 Many of the antihistaminic and othep compounds of

kf '}9zoven therapeutic value are structurally related to the

7axanthene derivative that we hope to prepare, tharefore,
 £1# seems reasonable to sssume that the physiological sacti-

:tias of the two classes of eompounds should also be simi-

| Huber and Rieveschl (34) first prepared a series of
7 1‘a1k§minevethers of benzhydrol which were later patented by

ﬁiiﬁﬁi;v&schl for Parke-Davis and Co. (35). The compounds were
   5 61 the following general formuls and were prepared by the
’  f@en&ensat1on of benzhydryl bromide with either the sodium
k ﬂ Qfga1t of the alkamine alcohol or with the alkamine alcohol

éélfvin the presence of anhydrous potassium carbonate.

Ne~0-(H,), MR,

oR

Ho (et ), MR,
K,Co0,

A large serles of these ethers was tested (36) and

"*??mﬁny compounds were found to be active as antihistaminics,

””7f f;an$ispasmodics, and antagonists to anaphylactic shock.

VfQethylaminoethyl—benzhydryl ether hydre@hloriae proved

”v[ fft¢ b9 the most active compound when tested agaimst brencho-

m induced in guinea pigs by vaporized histamine;diphOs-

ate. Accordingly it was marketed under the trade name
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 B§gggru17fer use in combating the role of histamine in

géwric secretions, vasodilation, capillary permeé.bility,

‘f7ﬁ”ihfmediation, smooth muscle.spasm and various allergiec

-n,ﬁditions inecluding the common cold.
L e o OCHCH ¥ (CH) - Hel
C?

ol BenaoRyL
w“ The¢5-piperid1noethy1 other was only slightly less active

; thgn;Benadryl and both were at least several times more
_aative than the f-morpholinoethyl derivative. The main dis-
s dvantage of the drug is the extreme drowsiness which accom-

"iies its use in some persons. Recently the hydrochloride

’k{lanﬂ°msthiodide saltfofIéprrrolidylethyl benzhydryl ether
 ;; ;have been reported to exhibit an antihistaminic asctivity
*ff:graater then that of Benadryl (37).
' From the results of the testing of this series of
:  '5[a1kamine ethers of benzhydryl some conclusions esan be drawn
‘  ‘as to the relationship of chemical structure to anti-hista-

'fmins activity.
(1). A chain length of two carbons between the

= Qﬁhér linkage and the tertiary nitrogen atom seems to give

iimum activity. Branched or longer chained compounds are
initely less active.
- (2). Ethers containing a tertiary amino group

,,graved to be more active than those prepared using second-

'5;é§¥ aminoalcohols which in turn were more active than the
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primary amlne compounds.
| (3). 4&n increase in the alkyl groups on the nitro-

‘éﬁ=gtom led to less active compounds in both the tertiary

. and primary series.

(4). A substituent on the ring (Cl) reduced the

ﬂ;;faetivity but also reduced toxicity to a greater degree.

aﬁbﬁg?er, only one ring substituted compound was tested so
p#é?alities can not be drawn.
o (5). The replacement of the ether linkage (-0-)
by the secondary amino.linkage (-NH-) deprived the compounds
s ;@r;almast all antihistaminic sctivity.
o ~ The introduction of a bridge of -S-, -0-, -CHg~
;'5 Qj§f a;direct linkage between aromatic rings in a compound
‘  f;whiéh possesses physlological activity, greatly enhances
‘7'C:the sctivity of the resulting fused ring compound (29)(38).
'li;g:Thus, the introduction of a sulfur bridge in the Benadryl
: mg1aaule to form the/éldimethylaminoethyl ether of thiaxan-
iﬁﬁéﬁél might be expected to increase the activity of the
a §§ﬁ§§und.

K

([ ochenw ey i ochen WeH),

c c

5
Again the effect of‘a phenyl or p-chlorophenyl group

‘*';gggggghed to the carbon atom carrying the ether linkage might

P é?é’interesting. The introduction of a sulfone linkage
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’ rér*the’su1fide linkage also might be.expedted to have a
k §§§§t1c effect on the physiological activity'of the compound.
:-j%hq §u1fone linksge 1s, of course, prominent in manynthera-
V” §vﬁt1e agents in use today. Hence the similarity in struct-
fi ﬁ§q¢between alkemine ethers of benzhydryl and thiaxanthyl,
‘ f;6?afy1 thisxanthyl and thilaxanthyl-5-dloxide indicates the
kifiikelihaod of chemotherapeutic activity in the latter com-

’fi_, _ﬁnds.
k 4 very promlsing alkamine ether derivative was re-
tpértéd last year. Cheney and his colleagues (39) synthe-
k'77f ifg§z¢a'a series of 2-benzylphenyl and 4-benzylphenyl alkamine
  § ﬁera of which 2-benzylphsnyl7é—dimethylaminoethyl ether

i ':,j‘ : i \L_.n___ B IO ISR T U oqpun . S O N L T T me __Omd
'L_,/Q#hera of which 2-benzylphsnyl78—dimethylaminoethyl ethef
- ;t#B water,solub1e, relatively non-toxic and possessed a high

“‘éer'of antihistaminiec and local anesthetie activity.

i ?CHLGF/LN [0/{3)1
c

i, S
~ Although it 1s beyond the scope of this problem to prepare

‘7éf3bfies of thiaxanthene ethers analogous to this compound,

| ;f}Qiﬁ,wauld be of interest to determine the similarity of this

sribed on page 3l. Both series should be active.
Shortly after the end of the war, the laboratories
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"~a£,Rhcne Poulenc in France reported the synthesis gnd
Eh#rmacological properties of several alkaminoalkyl der-
»1%at1ves of phenothiszine (40). These compounds, dimethyl-

ﬂfaminoethyl- and 2-dimethylamino=-2-methylethylphenothiazine

QH,
/Ch‘ cH NCH) /cy CH- W (eH)
‘f?ff¥3 DiPArRARCOL . PHENERGAN

wére reported to be many times more effective as antihista-

.ﬁineé than any other drug then oﬁ the market. Phenergan,
}Tfﬁf;example 1s said to be approximately 90 times more effec~-
éiﬁé than Benadryl as an antihistaminic. The Upjohn Company
’ Thaa recently marketed,g-pyrro1id1noethy1phenothiazine under

”'the trade neme Pyrrolazote. (41)

The similarity of the structures of these therapeu-
 ~fi¢,agents to alkemine ethers of thlaxanthenol can be seen
‘ ~b&i§kamin1ng the foliowing formulse.

;’& e /(ZA/Z@// /1/(@//) (R)H /ch/@;,//\/(al‘/)

oo Ao

',Y-Qf the two general classes of antihistaminea on the market
’:kiyf t&ﬁay the carbon-oxygen ether linkage and the niltrogen atom
o ‘are interchangeable. That 1s, 1t is possible to replace the
: —jS- linkage by an -N- linkage without appreciable loss of
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o aetivity. This principle may be more clearly understood
by a glanca at the following general formulae which re-

3ff,f preaent the two maln classes of antlhlstamines.

H o:“(u/)N'? | %@H) NK,
TQ_,/’CL\\\fQ 7§i,/?PV~?\\\/<

. ,uﬁthese formulae R' is usualiy an aramatic or aryl-slkyl
‘,radieal and ‘R" is either aromatic or of a certaln type of

< uheterecye11c radical such as -pyridyl, -thienyl, etc.

: By replacing the -N~ linkage of the phencthiazine
fderivatives by the -C-0- linkage in the thiaxanthenol com-

' “ﬂynds comparsble activity should be obtained. Hence here

is[more evidence that alkyl aminoalkyl ethers of thiaxanthe-

*:1 and aryl thlaxanthenols should be active as antihiasta-

- ALEAMINE ETHERS

L The alkamine ethers of lO-phenylthiaxanthenol were

  fauccessfu1ly prepared by several modifications of the con-

" ij:denaation of 10-phenyl~1l0-chlorothisxanthene hydrochloride
 “j'w1th the corresponding aminoalcohol according to the follow-

ng equation:

o + 2HO[EH) MR Hel
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-36éﬁdensation took place readily and the alkamine alcohol

. nyarochloride separated almost immediately. The first

° 55;3§§h6d involved the use of ten moles of the aminoalcohol

*  6;@ae~mo1e of the crystalline chloride-hydrochloride which

‘f ’ha ;been previously isolated. The aminoalcohol thus had

k” three functions; it served as reagént as 8 solvent, and

a8 & neutralizing agent for the two moles of liberated hy- |

Vgen chloride, forecing the reaction to completion. After

= thé completion of the reaction, the smlinoalcohol hydrochlo-

"riées were neutralized by means of a solution of sodium hy-

axide, and the free bases were extracted with ether. The

: [ eth§r solution was washed well with water to remove any

%péé aminoalcohol, and was then dried. Upon evaporation

~ of the solvent a red oil resulted. This o1l proved to be

 ~ 5¥& mixture of the free base of the desired ether and unreact&ﬂ

it _phenylthiaxanthenol. The mixture was dissolved in aleohol
 57£and ‘a methyl lodide salt of the free base of the ether was
 'ﬂprapared. The methiodide salt of the free bases were pre-
,:pared for two reasons: first, they were crystalline compounds
, *  ,gnd thus were used for purposes of analysis; secondly, several
\   ji ;#v§8t1gators (42)(43)(44) have recently reported that quat-
, ,?; ]$£ﬁérY derivatives of ﬁndimethylaminoethyl beﬁzhydryl ether

. and other compounds are effective sntihistaminic and anti-

4‘f:§§§§madic agents. The final products being quaternary ammo-

 nium salts did not melt in the true sense, but decomposed
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k’,(b@tyeen 190 and 2150). The decomposition point could
'~i$§g#§iaed or lowered about five degrees depending wupon

“,thp rate of heating. Attempts to prepare a methylbenzene-

; 1fonate salt yielded only an oily material which we were
'“'if_fﬁie to crystallize. |
| Other methods which were used to prepare the ethers

'5ffiﬁ£ilizod less aminoalcohol. A ratio of six moles of amino-

Fi:gi;ﬁlééhal to one mole of the 10-phenyl~-l0O-chlorothiaxanthene
‘k:j ﬁjdre@hlor1de (200% excess aminoalcohol) in either chloro-
~,,$éim or ethyl acetate as the sqlvent was used. The solvent
"f f~§§§,to be absolutely dry or the yield was decreased radi-
'"_sg;iy., The ylelds were approximately the same for all the
;Q @§£E¢da; they varied between forty and sixty per cent for
‘fﬁfghbfthree_step process of conversion ofvcarbinol to chlo-

:Jfff5ffriﬁe-hydrochloride to alkamine ether and thence to quater-

y ammonium salt.

!} o The use of other solvents such as ether or benzene
‘ ;§£6§ea less satisfactory, probably because of the insaiubil-
jf; ; §3ef the chlorlde~hydrochloride in these materials. Chloro-

’;\ﬁff §§m¢ene could be substituted for chloroform or ethyl acetate

‘;jf[b&t there was danger of decomposition of the desired compound
'  ffth@n;tho solvent was removed by evaporation after the reaction

 was complete. The use of 10-phenyl-10-bromothiaxanthene hydwo-

® mide in place of the chemically less active chloro compound

;ﬁdié not increase the yield of alkamine ether.
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The following four compounds of this serles wers

' p?&pared: 7 N\

R /OK

C

i | S :
- (1) R - f-dimethylaminoethyl methiodide

‘5;{(2) R - /-piperidinoethyl methiodide

~ (3) R - 4-morpholinoethyl methiodide
~ (4) R - f-alethylaminoethyl methioddde
Sincé the first three aminoalcohols proved to yleld the most

 f,_~§et1#e antihistamines and antispasmodics in the benzhydryl

 ;§9219s,thny were used in this investigation because it was
 &5§§ﬁght that they would agsein prove to be the most valuable.
\Vf  Tha ﬁ'diethylaminoethyl compound was prepared because this

_,_§;; amjnoalc0hOl occurs so often in such a wide variety of medi-

i¥€@gungls that 1t is always wise to 1nclude it in any series of
" ‘§étehtial chemotherapeutics prepared.

e Several aslkamine ethers of lO-p—chlorophenylthiaxan-
"f ffithéno1 were prepéred in a similar menner by condensation of
ﬁ}vx ;fﬁhe appropriate aminoalcohol with 10-p-chlorophenylthiaxanthyl

’chlaride in chloroform solution. These compounds were also

jf!{, f € eharacterized as methlodides which were obtalned as white
¥ }«fsrystalline compounds after several recrystallizastions. The

?jfaxlowing compounds were prepared:

)
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(1) R -/)-dimethylaminoethyl methiodide
‘”*;37 R - A-piperidinoethyl methiodide

. (3) =R ﬂ-morpholinoethyl methiodide
para-ehlorophenyl group was included in an attempt to

r&ﬁtain the increase in activity which seems to accompany

" the introduction of a chlorine into a position para to the
 ether or amine linkage. For example: Chlorothen is reported

 ;?fﬁ£§ be more sctive than the corresponding Thenylene (45)

o
BT : ’   ‘ h‘ c/c/ v
3 k '~f"TaHneToN CHLoROTRUﬁETbN
‘;ffﬁwhile Chlorotrimeton 1s reported to be superior to Trimeton

) as antihistaminics.

:4" Since the benzyl group has been advantageously
  %i;§$?educed into drugs that are useful antihistamines, we
 171ag§£§mpted to prepare a series of ethers of 10-benzylthia-
;#iﬁthenol. However, due to‘the ease of dehydrohalogenation

*‘Qfgf6f51G¥benzyl-lO-chlorothiaxanthenol in the presence of the

i1e aminoaleohol, only 10-benzalthiaxanthene could be
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D ZWo(EH, ) /Vﬁ) @ D + 2HOCH, ) WF, - H

i fThis ease of dehydrohalogenation of the tertisyy alkyl

ida would probably preclude the preparation of any

p,;iéa of alkamine ethers of 10-alkyl or‘araikyl thiaxan=-
‘thenol.
| Attempts to oxidize the alkaminoethers of 10-phenyl~

~ thigxanthenol to the corresponding alkamine ethers of 10-

 phenylthiaxanthenol dloxide falled; only 10-phenylthiaxan-

henol was obtained as a product, indicating cleavage of

_t_§~ether linkage. The alkamine ether series of 10-phenyl-

hisxanthenol dioxide was prepared by first oxidizing 1O-
ﬁylthiaxanthencl to the corresponding dioxide; treat-

_ment of this compound with phosphorus pentachloride using

1Grobenzene as a solvent ylelded 10-phenyl-10-chlorothia-

5; $“ thene. When this chloro compound was refluxed with 10

es the molar quantities of alkamine alcohols, the de-

g}V&iﬁé& compounds were obtained.

<o e
| + 3 OC(
HAe z
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Holth)s k(7 |

”»' ,Thcy were 1solated as hydrochlorides, but e6uld also be

ﬁ aryata1l1zed as free bases. Only two compounds of this

'7Tffﬂsaries were prepared:

/ —_—\

o \L___(/\ OCH,CH N He), - HC!
I
K

/4Ldiethy1aminoethyl—le-phenylthiaxanthyl—dioxide

-ether hydrochloride

LOKCHN
¢l
/]  ock ek, N\c# #fo K

o)

ﬁﬁmorpholineethylo O-phenylthiaxanthyl-dioxide
sther hydrochloride
Efforts to prepare a series of alkamine ethers of
' &i;feither thiaxanthenol or thiaxanthenol-dloxlide were unsuc-
f7ff ceaafu1 Reviewing the work on the thiaxanthenol-dioxide

kalecule first; we attempted to prepare alkamine ethers of

'*apmpound by the following methods :

‘ '11). Condensation of thiaxanthenol-dioxide with a di-

j;laminoalkyl chloride in the presence of varlous baale
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”~¢§$ﬁdénsing agents such as potassium carbonate or pyridine

‘thﬁttempted, but the desired product could not be isolated

;ngéither case.
© (2). Reaction of the sodium salt of thlaxenthenol dioxide
/viih‘a dialkylaminoalkyl chloride in a neutral solvent such

+n§f £b1aene or xylene also was tried. The reaction was run

iéf,nitrcgen to protect against air oxidation but was unsuc-
o sful. Huber (34) was also unsuccessful in attempts to pre-
 pgr§ a1kam1ne ethers of the sodium salt of benzhydryl by this

 (3). The attempted condensation of 10-chlorothiaxanthene

“zide {(or the more reactive bromo derivative) with a di-

1k§iaminoalkyl alcohol, or with the sodium salt of such en

;,ﬁ;i‘géhgl, was carried out in a variety of ways. The alkyl-
/ a§i§6a1coho1 was used as both reactant and solvent in some
8. In other cases relatively non—poiar substanoes such

. ‘benzene or ether were tried as solvents, and finally
 ip,:gfmateria1s such as pyridine or éeetone were used. In

4ﬂaiifattempts a flnely crystalline material, colored from

"”aiiéw to red, precipitated within a short time. This mat-

ari@i‘was insoluble in almost all organic solvents and did
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;,,: CED

o [T
,:ﬁ\:cc 2Hole), VR,
AT DE +2Ho(E4, ), WE; HE!

'"7"{‘;(4). ’I‘he reaction of 10-chloro or 10~brom0thiaxanthene

' ax&de with ethylene chlorohydrin in the presence of pot~
"A&ssium,carbcnate was attempted. We had hoped to react the
',1‘Ln§ermodiate resulting from the foregoing reaction,zéLchloro-

':7*ﬁefhjlthiaxanthene-dioxide with a series of tertlary amines.

Vgihfﬁﬁver, an extremely high melting compound agsin resulted.
| < Thig was also presumed to be the same product as obtained
 55;dbove, dithiaxanthylene dioxide.

»y:y : "It has been mentioned previously (see pages 13, 16
‘fﬁhgﬁ@;lv) that thiaxenthenol is a material which is extremely

_ sensitive to oxidation. In additlon it has been found to
"7 diéproport1onata very readlily to thiaxanthone and thiaxan-

&  iﬁﬁ6he; These reasons seem to explain why we were unable to
»1' §rapare alkamine ethers from the reaction of the sodlum salt
‘   ef thiaxanthenol with an alkaminoalkyl chloride.

’ ‘The reaction of thiaxanthylium chloride with an alke-
f;min@alcohol produced a large amount of thiaxanthone and a
 very smsll amount of an oily methiodide salt which could
 Lné£ be erystallized. Sinee the material was 1nsoluhle in

or 1t probably was not the methyl lodide salt of the amino-

sohol. It dissolved in alcohol, however, and showed the
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“;presenee of ionizable iodide, a behaviour shown by the cor-

 “rtapending 10-arylthiaxenthenol derivative. Consequently,
 f'fit5was probably the desired alkamino ether of thiaxanthenol.

"Qﬁhe yield, however, was so small as to render this asynthesis
‘yf5 X;gpp1eas. Even when the reaction was carried out under an
'f'finﬁit atmosphere such as nitrogen, no increase in yleld

ﬂ" ﬁé§,noticed,‘therefore, efforts to prepare & serles of

‘ 5‘ ethers of thiaxanthenolwwere abandoned.
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IV SUGGESTIONS FOR FUTURE THESIS PROBLEMS

fv(l) The structure of the compound d93°ribed by Smiles

'ﬂ):as thiaxanthylium chloride has never been fully veri-

bé; The compound may be a thiaxanthylium chloride as
: ? Jaatu1ated or it may be a ehloride—hydrochloride as explained
9 ;5935pages 14~15. An aceurate analysis of thia compound for

_chlorine should clear up the problem of structure. Smiles

'»[[désébibed the compound as being too unstable to analyze,
;hﬂﬁgvsr the compound is stable for a short time in solution

 ~and we believe that it may be possible to work out a method

mr enalyzing the material in solution.
’ ,__’5(;9) The structures of the ferrichloride salt of 10-phenyl-
:f ﬂth1axantheno1 and the chloride-hydrochloride of 10-phenylthia-
‘5 T;f5xanbhenol have been in doubt since their preparation forty

5@byaura ago. ( see pages 18-19). It is possible that electri-

‘L'@&i gonductiV1t¥ measurements may help to elucidate the

ii'ruatures of these two compounds. In addition, the effect
J?&§£51ntrcducing groups in the para position of the phenyl group
f ,$g;thé color of tho‘eomplex compound may be of interest as
‘    ﬁéi1,as help in determining structure.

k 47(5) Although the alkamine ethers of thiaxanthemol could

t;be prepared because of the instability of the compound,

: “f_i;fmay be posslble to prepare an alkamine ether series of

'7*ff“xanthenol or substituted xanthenol of the flollowing type.
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¢

o

‘fifﬁgsé ethers should be more active as antihistamines than
’;» £h§ thiaxantheno1 compounds which we could not prepare,
;f f?hé a1kamine ethers of xanthene-carboxylle acld proved to

*‘ }be mare active antihistaminics than the corresponding thla-

'5,f;xanthene compounds (see page 28). :
(4) In a similar manner, alkamine ethers of 9, 10-di-
'7,”hydr0anthracene should be prepared for possible use as anti-

: “?,35épgémodics (see page 28).

Hy 0 (cH ) MR HEl
c

/c\

| (57: As explained on pages 31 and 35, i1t would be of
‘7- 1nthest to prepare«the following ring substituted alka~-
";iﬁi#é'éthers of thiaxanthone and thisxanthene for use as

**ehamotherapeutic agents.

0 ?'(C”z')x VR, Ht 9 (a//,)}‘ NR,

i J0

ﬁfﬁe) A method for the preparation of thiaxanthene on
o a;iérge‘scale is needed. Substitution atudies on thiaxan-

‘7;fﬁg@hene have never been carried out, largely because of the
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 §1£f1cu1ty of preparing this compound. The rollqwiﬁg
méﬁhada may prove useful. i
' (&) Since dibenzothiophene is prepared by the con-

| :5§ 5§§gat1on of biphenyl with sulfur in the presence of alum-
    inum chloride (47) and other compounds such as phenothia-

" zino, phenoxathliin etec. are prepared by similar condensa-

 ‘§16ns, 1t 1is reasonable to assume that thiaxanthene could

; *Vf§§ prepared by a like condensation of diphenylmethane and

sulfur in the presence of aluminum chloride or other cata-

lysts. The following disgrams point out this analogy:

: e O + 8 +ALCL 5 O

N | Uk
D +SHACL, @ : + /~/2§

| s

- 0 | : = 0

il SRl ] +HS
R oR 2
' RS |

#s

| MK
Z ¢
\© - 5+A[Ct3 _ l | , st
NS
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- {b) The hot tube reaction of Graebe and Schulthess
"(9}'1n which phenyl-o-tolyl sulfide was converted to thia-

*f fx§ﬁthene_shou1d be re-examined. Modern technlques and

‘iiﬁdge of vapor phase reactions may be able to modify

;ﬂﬁis‘synthesis to a successful 1aboratory preparation.
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V EXPERIMENTAL DETAILS

A, PREPARATION OF DITHIOSALICYLIC ACID
. The method of Allen and MacKay (48) was used to

‘   §#§§are dithiosalicylic acid and its reduction product thio-

f“aylic scid. In a four-liter beaker, 290 ec. of water

A heated to boiling and 260 g. (1.08 moles) of erystael-

- sodium sulfide (HaszQHQO) and 34 g. (1.08 moles) of
o . P vdered sulfur were dissolved by heating and stirring. A
~ solution of 40 g. (1.0 mole) of sodium hydroxide in 100 ce.

“ﬁfﬁfoffwgter was then sdded and the mixture cooled, first in

| watery and finally by a freezing mixture of ice and

; In a two-liter besaker, set in a freezing mixture
£ 7@né,provided with a mechanical stirrer and a thermometer
‘“5£fw re placed 500 cc. of water, 137 g. (1.0 mole) of anthra-
;ﬂf;iniiic acid and 200 cc. of concentrated hydrochloric acid:
o ‘egstirrer was started and the mixture cooled to a temp-
' ?¢r§ture somewhere between 0-5°. Meanwhile 69 g. (1.0 mole)

‘sodium nitrite were dissolved in 280 cc. of hot water and

iﬁolution cooled in ice. The nitrite solution was slowly

’”*fg;nto the anthranilic acid by mesns of a separstory funnel,

the end of which extended below the surface of the anthranil-
e1d solution. During the sddition of the nitrite solu-
'ﬁ’gbeut 500 g. of cracked ice were added at such a rate

ﬁa£5tb keep the temperature below 5°.
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The stirrer and thermometer were transferred to

. @ﬁ§~alkaline sulfide solution, the temperature of which

held below 5°. The diazo solution was added over a
1od of twenty to thirty minutes along with 950 g. of
‘*#6 prevent a rise above 5°. When the addition was

° tgiete, the ice-water bath was removed and the mixture
‘i}ﬁllawed to warm up t¢ room temperature; after approx-
ély two hours the evolution of nltrogen ceased. During
 ;[ §§@”§§01utien of nitrogen it was sometimes necessary to

fﬁ#al excesslve foaming by addition of smaell amounts of

ther or butanol. At this point the solution was made acid
ongo Red by the addition of approximately 180 cc. of
entrated hydrochloric acid. The crude dithiosalicylie

*;éié,was filtered off and washed well with water. To remove

ess sulfur, the precipitate was dissolved by heating with
lution of 60 g+ of anhydrous sodlum carbonste in 2 1.
ﬁ@ér, filtered while hot and the dithiosalicylic acid

.réaipitated a3 before with concentrated hydrochloric acld.

solid was filtered, washed well with water and air dried.
 The crude product weighed 230 g. (75%) and was sufficiently

. ‘{’g§é to use directly to prepare thiaxanthone.

‘tfPREPARATION OF THIOSALICYLIC ACID

: It is recommended in Organic Syntheéis‘that the ocake
«;ﬂéffﬁithiosalicylic acid be divided into five'portions_and
"eéaeéd with zine dust and acetic acid. This method of re-

ng in smaller quantities was found to be superior to
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;‘fﬁéﬁg;ng the ceke in one portion or to the alternate German

J~am§€>jé using iron or zine dust and sodium csrbonate (49).
One~fifth of the molst cake of dithiosalicylic acid

”f ‘§fram the above preparation was mixed with 27 g of zinc duat

n7 ¥and'30O cc. of glaelal acetic acid in a one-liter round-

‘ f5battomed flask, and the mixture was refluxed for about four

hgnza. When reduction was complete the mixture was cooled
end filtered by suction. It was sometimes necessary to edd
.  §§?6 21nc dust in the reduction as it did not always proceed

"*;aﬁﬁéthly due to lumping of the zinc dust. The cake was sus-

fﬁéﬁdﬁd in 200 cc. of water in a one-liter beaker and the

 ””ffjsas§ens1on was heated to boiling. The hot solution was made

' f7 iJeng1y alkaline by the addition of about 40 ce. of 33 per

eent'aqueous sodium hydroxide solution. The alkaline solu-

’fftieﬁ was boiled for about twenty minutes to insure complete

ngtion of the product from the fllter cake and then fil-

4 from the insoluble residue. The thiosalicylic acid was

T yp1,a1pitated by the addition of sufficient concentrated hydrﬂ-
'f ;eh1®r1c acid to make the solution acid to Congo Red paper.
1Thé~product was filtered with suctilon, washed once with
‘   wat9r and dried in an oven at 100 to 110°. The average yield
’ *ve"&a‘product which melted at 162° was 110 g. (70%). For a

: product 5 g+ of the material was dissolved in 20 cc.

ot alcohol (95%) and 40 cc. of hot water was added. The
tion was treated with Darco, filtered Bot and allowed to
lleha yieid of almost white erystalline thiosalieyiic |
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- e01d melting at 163-164° was 4.5 to 4.7 g. *

 PREPARATION OF THIAXANTHONE

. Smlles and his coworker (4) prepsred thiaxenthons
' mjgf€by aeveral methods involving the condensation of benzene
 5 iffwith thiosalicylic acid and derivatives (see page 3).
xﬂberg and Cone (11) simplified one of these methods and
ined thiaxanthone in excellent ylelds by regcting thio-
 i§y1ic acid, benzene and sulfuric acid. We have used

“ f@@ﬁherg's method with 1ittle variation and have also simp-
’HQ ii£ied and improved another method of Smiles utilizing the

,aéndénsation of dithiosalicylic acid with benzene in the
' "5_139 sence of sulfuriec acid.

1. Thiazanthone from Dithiosalicylic Acid. A mixture

40 g. (.13 mole) of dithiosalicylic acid and 120 cc. of
fﬁaéﬁsne (1.3 moles) wag stirred in a one-~liter three-necked,
und-bottomed flask fitted with a mechanical stirrer, therm-

er and reflux condenser, the apparatus being kept under

od. while stirring strongly, 400 ce. of concentrated
, furlc acld were added; an orange color developed almost
G , +

mmediately , the temperature rosefﬁetween-50~60°, and sulfur

“ff}; éi‘mide was evolved. Stirring was continued and the'tempera-

ﬁ§ was held at 55-60° for three hours by heating the flask
‘ﬁfhbt water bath. During this time the color deepened

‘féﬁhuéh of the s0lid maferlial went into solution; sulfur

‘ ; * We are indebted to the Eli Lilly Company for a generous
Lplimentary supply of thiasalicylic acid.
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‘ vx'di93id§ was evolved at a steady rate. At the end of this

 w't£ﬁ§fthe temperature was raised and held at 70-80° for one

, the s011d material dissolved completely forming a
 ;jﬂ§ggk'rad solution.
e After cooling, the mixture was slowly poured into

,;5@@ g of ice and 1000 g. of water with good mechanical

,ging. The resulting white preciplitate was filtered and

1 ﬁéﬁ tw1ee with 100 cc. portions of 10% sodium hydroxide
'iéalétion to remove any remaining dithiosalieylic acid, then

’ ',§§sE@d with water until free from base. The crude white

 powdery material weighed 47.5 g. when air dried (86%).

_ggrystallization from 380 cc. of glacial acetie =acid
o iééd light yellew needles of thlaxenthone which melted
"fézfat 211-212° and welghed 40 & Thils represents a yleld of
“c5 tV2% of pure thiaxanthone or 54% of pure product from anthra-

Thiaxanthone”from Thiosalicyliec Acid. A mixture of

| N £ ;(.53 mglé) of thiosalicylic acid, 150 cc. of bensene
'([ ;(1§5fﬁoles) was stirred in a one-liter, three-necked, round-
  ¥; §6 yaﬁed flask fitted with a mechanical stirrer, thermometer
Kfi  #g5f§éf1ux condenser. While stirring, 600 ce. of concentrated

tﬁi@ﬂlﬁﬂric acid were added, and the solution was stirred for

"'ftwelve hours. During this time sulfur dioxide was evolved

 ,744955§7the color of the suspension gradually darkened from

ellbw to deep orange. The gsolution was allowed to stand

an sdditional twelve hours and was then heated on the
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'-§$§gm;bath for one additional hour to complete the reaction.

@ﬁ‘faark red clear solution was allowed to cool and then poured

750 g+ of ice and 1500 cc. of water with good mechanical

’ rring. The white precipitate was allowed to stand for
’ gtwe1ve hours (filtration was easier due to crystal growth)

‘  ;fanﬁ then was filltered and washed twice with 150 CCe portions

1i;J¢f 16% sodium hydroxide solution. After washing with water

: fallewing to air dry the crude matgrial was recrystallisei
ifﬁaﬁjééetic acid and the purified product weighed 55 g. (79.5%).
 Hence the overall yield of pure thiaxanthone from anthranilic

- \kwas 55.7%.

. 10-PHENYL THIAXANTHENOL

Phenyl magnesium bromide was prepared 1h the usual
?f!ﬁmnner by covering 7.2 g. (.3 mole) of dry magnesium chips

’*1Afﬁifﬁﬂ60 cc. of dry Grignard ether. About 20-30 cc. of a

s@l&tion of 47 g. (.3 mole-31.5 cc. ) of freshly distilled

Z?Qbrﬁ&obenzene in 300 ce. of dry ether was added and the reaction
i ;was initiated by cautious heating, stirring and usually by
Yaddition of a crystal of iodine. After the reaction had

 atarted the solution ¢f the halide was run in at such a rate

k“»cglaa tu maintain a steady reflux of ether. After addition of

'“;fall ths bromobenzene solution the reaction was completed by
'A‘N fan,gdd1tiona1 twenty minutes heating in a warm water bath.

Finely powdered thiaxanthone, 31.6 g. (.15 mole),

fwég{then added 1h small portions. A4 yellow solld of the

esium complex compound precipitated from the reaction
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After addition of the thiaxanthone, stir#ing

_wearming insa warm water bath was continued for twenty

tes. The magneéium complex was hydrolyzed by pouring

gentire reaction mixture into 24 cce. of concentrated

°7  4§ 1:hydr0eh1oric acid, 400 ec. of water and 100 g. of ice.

ﬁd remaining in the flask was washed into the hydrolysils

ture with ether. The hydrolysis reaction was well stirred

and enough ether added to dissolve the liberated 10-phenyl-
 thiaxanthenol.

From 300-500 cec. of extra ether were re-

'fff@ﬁi?éd. The yellow ether layer was decanted and evaperated

‘iV‘{éniafstaam heated hot plate. An oil resulted which orystel-

ied when treated with cold ligroin (40-60°) into a yellow-
ish-tan material which weighed 36.5 g. (84%) and melted at
‘f;fQ5498°1 After recrystallization from 100-120° 1igroin’tha

‘*ff‘ pr9duct was received as white clusters of crystals melting

‘wﬁ”t 1a5-1oe° and weighing 31 g. (71.5%).
 E. THE FERRICHLORIDE ADDITION COMPOUND OF 10-PHENYL THIAW
'% ?fi,  From Aqueous Solution. Crﬁde 10-phenylthiaxanthenol,

~2;;_.5§83g; (.02 mole), was dissolved in 40 cec. of concentrated

"hgarﬁehloric acid. A solution of 40 cc.

of 3N ferrie chlo-
w%f‘rida was added end a red amorphous solid precipitated Lpse-
‘"”'fgﬂéiately. The welght of this materlal was 7.2 g- (76.5%).

2. From Ether Solution.

To a solution of 5.8 g. (.02 md

”mﬁle) of crude 10-phenylthiaxanthenol in 60 cc. of dry ether
as added 4.8 g. of ferric chloride (.03 mole) in 60 ce. of
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~dry ether. Dry hydrogen chloride was passed into this

,fé'anion causing precipitation of the crystalline blood

| ferrichloride salt. The hydrogen chloride was passed in
\_ ’f tiikprecipitation was complete and the material was fil-
-;ﬁ  §¢ off, washed well with ether and alr dried. The pro=
| ,[énat;écnsisted of 8.8 g. (93.5%) of fine blood red erystals
:  :ffwh1ch melted at 166°.
P /4 - DIETHYLAMINOETHYL-10-PHENYLTHIAXANTHYL ETHER METHIODIDE

Methnd 1. Into a 500 cce three«necked round~bot-

¥ '*‘;gtemed flask fitted wilth a mercury sealed mechanical stirrer,

’ drepping funnel and a reflux condenser was placed a solu-

~ tion of 12 g. (.1 mole) of f-diethylaminoethyl alecohol 1in

00 oc. Of benzene. The mixture was warmed and stirred while

”i*f;afsolution of 9.4 g. (.02 mole) of the ferrichloride salt of

7f;7lﬁdphﬁnylthiaxanthenol in 30 ce. of acetone was added drop-~
f;, “ A brown precipitate of complex ferric compounds re-
yc' au1ted almost immediately.w i When addition of the complex

g

'iiaalt was completed, the reaction mixture was refluxed for

 j7three hours snd , after cooling, a solution of 50 ce. of 1N

e _‘ium hydroxide was added to remove the iron as ferric hydro-
‘”4'ff $iéQ.} The iron oxides were filtered off by suction and the

'Vfogibéﬁzene layer was separated from the alkali. The bengene

‘?ﬂf; fae1ut1on was then washed four times with equal volumes of
“;sz&tef to remove all unreacted amincalcohel. Tha benzene
"‘er was dried over potassium carbonate and evaporated to

ume af about 3 cc. An excess of low boiling ligroin
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gwas added and the cloudy solution sllowed to stand overnight.

k~~A w%ite material erystallizing in clusters was collected

ndfidentified by means of a mixed melting point as 10-phenyl

vthiaxanthenolgﬁa total of 2.5 g. of the material was col-
M_:> \§¢ted. A red oll remained after removal of 10-phenylthia-
anthenol; this material was dissolved in a few cubie centi-

el

5 mb#éra of aleohol and about 1 cc. of methyl iodide was addpd.

his solution was refluxed for fifteen minutea‘ﬁndér an effi

\ ' eieﬁt reflux cendenser‘and,,aﬁﬁgtvcooling, whlte needles of
-]féha7methy1 fodide salt of J-diethylaminosthyl-10-phenylthia=

y;nthyi ather were precipitated by the addition of ether.

§ materia1 decomposed at 188-190° and weighed 1.3 g.

, The yield based on the amount of 10-phenylthia-

xﬁgﬁhénol which entered into the reaction was 21.7%.

| anal. Caled. for CpgHzgOINS: I, 28.92. N, 2.64.

6.03. Found. I, 24.22. N, 2.57. §, 6.12

 Method 2. Into a 280 cc. Erlemmeyer flask fitted

“ g7ith e reflux sondenser and a calcium chloride drying tube

‘ft’s plaeed 5.8 g (.02 mole) of 10-phenylthiaxanthenol and

-  2® ce. of dry chloroform; the carbinol was dissolved by

'-9<fi?w9gm1ng and gently rotating the flask. The drying tube

"%f;jgt‘the top of the condenser was replaced by a short-stemmed

 dropping funnel and a solution of 2.4 g. (.02 mole) of
fihtﬁinnyl chloride in 5 cc. of dry chloroform was sdded drop-
: 7§b through the dropping funnel. A vigorous exothermic

;,fféaétion began almost immediastely. The solution developed
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“&fdgrk red color and hydrogen chloride gas was slowly

 evolved. After addition of the thionyl chloride solution,

Qﬂﬁixture was refluxed until the evolution of gaseous
é&egen chloride ceased (about one hour)s At this time

5[a¢aélution of 14 g. (.12 mole) of/éLdiethylaminoethyl aleo-

‘::ka ‘in 28 co. of dry chloroform was added dropwise through
1dropping funnel. During the addition of the aminoalco-~-
,jthe color of the solution gradually lightened from an
 opague red to a light yellow; white needles of the hydrochle

‘@£ of the aminoalcohol were formed but later dissolved in

byexeess of solvent introduced. Thé mizxture was reTfluxed

}éix houras to complete the reaction; during this time

“‘,ﬁgefsalut1°n agaln darkened to a cherry red. After cooling,

’ﬁ,mixture was transferred to a separatory funnel and was

7gb§ken;with 20 cc. of a solution of 6N sodium hydroxide.
_chloroform layer was separated, washed four times with

;jfé al~volumes of water to remove the unreacted aminoalcohol

d sodium hydroxide, and dried overnight over anhydrous
 f§ﬁ§&ssium carbonate or sodium sulfate. The chloroform was
"”f#iﬁbved by evaporation and a red viscous oil was obtained.

“'"Vgliﬁiﬁaé the free base could not be isolated in a crystalline

~ form, 2 cc..of methyl lodide (.033 mole) and 5 ce. of abso-

te slcohol were added and the solution refluxed under an
g?ﬁiéiant condenser for one hour to form the methiodide salt.
33ﬂﬂitien of a large excess of dry ether precipiteted a

rownish-yellow oil which erystallized upon standing, the
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'**1 31§1@ varied from 5.8 to 6.4 g. (54.5-60%) of material
'f”1~ﬁﬁi§ﬁ decomposed at about 184°. Two reerystallizations

aleohol-ether yielded white crystals which deeompbsad

Qw’n fQ-  :ggQRPHOLINOETEYL-IO-PHEHYLTHIAXANTHYL ETHER METHIODIDE
et This material was prepared by a slight modification

r (F). The chloride~hydrochloride of 5,8 g. (.02 mole)
“ ’ 7‘e,al.*phenylthiaxanthenol in 20 cc. of dry chloroform was

”P;ﬂfm  pr°P3r°d in exactly the same manner as given under F-2.

r refluxiag for one hour to complete the repiacement of
hydroxy group by chlorine, & solution of 15.7 g.(+12 mole)
»marpholinoethyl alcohol in twice its volume of dry chlo-

Kferm (ca. 30 cc.) was added dropwise. The color change

;gq<rram dark red to yellow was sgain ebserved and some hydro~-
’”ride of}ﬁ-morpholino ethanol preeipitated. After re-
um;ng for six additional hours, the chloroform was evapo-
ted off and 50 cec. of ether along with 20 cc. of 6N sodium

oxide solution was added to the white erystalline residue.

mixture was agitated until all of the liberated free base

« :fdiasolved in the ether layer, then the entire nixture was

1_Lftngnaferred to a separatory funnel and the alkall layer was

arasted and discarded. The ether layer was washed four-
*?ﬁimfévwith equal volumes of water to remove excess aminoalco-
'E&léi‘The ether solution was dried overnight and the solvent

éﬁQVed by evaporation; a thick red oil of the free base
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. resulted. While the oil was still warm 3.8 cc. of methyl

de and 5 cc. of absolute alcohol were added and the
; e’was refluxed for one hour under an efficient con-
néﬁnﬁér., Upon standing, 6.4 g. (60%) of thn/ﬂzmcrphelino-
*}wf 1§,ﬁ&i@ie-phenylthiaxénthyl ether methiodide precipitated

. é gint1y,pink erystals whose decomposition point was 200°.
gstallization from sbsolute alcohol using Darco yielded
‘N_jwhite erystals which decomposed at 208°,

| ,,,  ; Anal. Caled. for GygH, 0,INS: I, 23,30. N, 2.57.
'”*ayfﬁﬁﬁﬁd. I, 23.31. N, 2.60.

. /g_pIPERIDINOETHYL-lo-PHENYLTHIAX&NTHYL,ETHER METHIODIDE

This material was prepared by & method which differs
XU?éﬁfthat previously given under F in that the chloride-

. #_}{:éﬁhydr@chloride of 10-phenylthiaxanthenol was 1solated and
““‘“”“’}treated directly with the dialkyl aminoalcohol which then

,ﬁtﬁd both as reagent and solvent. A solution of 5.8 g.

fﬁj(}éé“mole) in 20 ce. of dry chloroform was prepared and 2.4 g.

‘4 (5§2 mcie) of thionyl chloride in 5 cc. of chloroform were

d dropwise. The resulting red solution was refluxed
1ffer approximately one-half hour and then 100-150 ce. of

Q*dry ligroin (40-60°) were added, with agitation, to the

5:f g§latian. Red needles of the chlorlde-hydrochloride of

1 phenylthiaxanthenol were precipitated. After standing

- m £a?~ab0ut 15 miﬁutes the preclpltation seemed to be complete
"ﬁﬁd>the ligroin~-chloroform-thionyl chloride solution was

P ured off. The crystals were washed with two 25 cc. portions
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 @£ dry ligroin and the 21 g. (.16 mole) of J-piperidino-
| :-ethsnol were added. A reaction took place immediately
"*zlyaaﬁ erystals of/?—piperidinOethanol hydrochloride appeared.
l;f}ﬂpan refluxing the mixture a clesar red solution resulted.
fﬂgftar one and one-half hours of heating under reflux the
'7Qm1xtare was sllowed to cool and 50 cc. of ether were added
hlwharoupon the hydrochloride of the excess aminoalecohol again

‘”reeipitated as a white crystalline material. Upon addition

_jze ce. of a 6N solution of sodium hydroxide the white
‘* ?§§;oip1tate was reconverted to the olly free base which

_ then dissolved in th ether layer. The ether layer was

é@rated, washed and dried overnight over potassium carbon-
.. Evaporation of the ether left about 5.5 g. of a thick
V,faret 01l which was converted to the methyl lodide salt in

*11 ﬁhe usuel menner using 3.8 cc. of methyl iodide. A erude

"¢duct of dark yellow crystals weighing 5.5 g. (52%) was
ggined. One recrystallization from absolute aleohol gave
fﬁinhiy tan-colored product weighing 4.8 g. (44%) which
,:ié'éaéemposed at 208°.

. v Anal. Caled. for 027H5001H8, I, 23.39. N, 2.58.
| ;J7§émﬁd., I, 23.40. N, 2.67.
 ;§ Vfi;f/gLDIMETHYLAMINOETHYL-1O-PHENYLTHIAXANTHYL ETHER METHIODIDE

A warm solutlon of 5.8 g. (.02 mole) of 10-phenyl=-

 thiaxanthenol in 20 cc. of ethyl acetate, purified by the

Vg?mﬁtﬁﬁd of Fieser (SO), was treated with 2.4 g. of thionyl
‘éﬁieride diluted with 3.5 cc. of ethyl acetate; the now
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 ram111ar dark red color and vigorous resasction was abserved.

‘ Th‘~mix$ure was refluxed for 10 minutes and 9.0 g. (.12 mole)

'_ndimethylaminoethyl alcohol® 1n 20 cc. of ethyl acetate

fﬁw pe\added in the ususl manner. After refluxing for two

”ijheurS: 50 cc. of ether and 20 cc. of 6N sodium hydroxide were
‘?{Vfgaded~to the cooled solution. The ether layer was separated,

iﬁ#éﬁéd four times and dried over sodlium sulfate. The ether

 7~éiHs5évapQrated and the free base converted to a yellow methyl
fiodide salt. Recrystallization from alcohol=ether yielded
"f4 E g. (48%) of a very faintly yellow crystalline material

"”f«,]whieh melted at 214° with decomposition.

' Anal. Caled. for CgqHp0INS; I, 25.25. N, 2.78.
~ Found. I, 25.46. N, 3.04.

. PARA-BROMO-CHLOROBENZENE
The method of Mouneyrat and Pouret (51) was used to

'~5ff;§éépare this intermediate. 1Into a dry flask equipped with

 ff j&‘re£1ux condenser and a hydrogen bromide trap were placed

;f125 g. (1.02 moles) of chlorobenzene and 160 g. (1 mole) of
"”‘5*bromine- The contents of the flask were cooled by means
[ij;fofwan ice bath and small portions (.15 to .2 g.) of anhydrous

'lfyaluminum chloride were added at approximately fifteen minute

)'*gepvals until a total of 2 g. of the catalyst had been added.

'  1fThf'mixture was allowed to stand overnight and the almost
”3 _pae “&‘mass of crystals was broken up and collected by suctiom

gfiltration. The precipitate was washed with dilute sodium

’”‘f 7¥f~Th1s alcohol was generously supplied by Sharples Inc.
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  §§§banate solution followed by water. It was recrystallized

i methyl,a1ccho1 yielding large flat white prisms which
ed at 66° and welghed 173 g. (90%).

10~ ( 4- CHLOROPHENYL ) ~THIAXANTHENOL

The @rignard resgent, p~chlorophenyl magnesium brome
 §ifé;ﬁas.prepared in the usual manner from 3.6 g. (.15 mole)
i’,f‘kagnesium turnings and 28.8 g. (.15 mole) of p-chloro-

: “ sib jmobenzene in 250 ce. of dry ether. After formation of

‘ "’ffxths ‘Grignard reagent, 21.2 g. (.1 mole) of dry pulverized
5f;;ﬁh1axanthone was added in small portions. The solution wes
h5”ted after every addition and for one-half hour after add-
n;was complete. A total of about 300 ce. of dry ether

d'ﬁdded during the reaction to keep the mixture fluid.

)Theﬁreaction mixture which contained a heavy yellow preci-
"%'ate was hydrolyzed by pouring it into a mixture of 16 ce.
oncentrated hydrochloric acid, 400 cc. of water and 100g.
éé. Additdonsl ether was used to help remove the heavy
“‘7§reaipitate from the flask. The ether layer was separated

( svaporation 34.8 g. of crude yellow crystalline

1 was collected. Recrystallization from high boiling
1, using Darco, yielded 28 g. (86%) of faintly yellow
of crystals which melted at 150°. The sample for
was recrystallized twice from ligroin and was ob-
‘ ,¥ :géd“as pure white crystals which melted sharply at 1540,

ah@Qédmpound'formed a red ferrichloride complex eompound
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s red needles which melted at 194°.

. mmal. Galed. for GpgH 0C1S; Cl, 10.94. Found.

, 11.31.
/?-MoarBoL1NOETHYL«10-(4-CHLOROPHENYL)~THIAXANTHIL ETHER

To a solution of 3.25 ge (.01 mole) of 10~(4~chlorow
:‘anyl)~thiaxanthenol in 25 cc. of dry chloroform was added
5ﬂortianwise a solution of 1.4 g. (.012 mole) of thionyl
*ﬁ_rieride in 2.5 cc. of chloroform. The usual vigorous reac~
'[atian set in and the color of the solution turned to dark red.

{  ffTh‘*react1on flask was stoppered with a caleium chloride dry-

;tube to prevent the entrance of moisture, and was allowed
e stand for one-half hour to complete the reaction. A solu~
“l'il;ftian of 8.2 g. (. 06 mole) ofléimorpholinoethyl alcohol 1n

| ;ec. of dry chloroform was added slowly, during whieh time
thn»eelor of the solution faded to an orange-yellow, the

ﬁﬁre was then refluxed for two hours, during which time

- ie;aalor became cherry red. After cooling, 200 cc. of ether
”iand 20 cc. of a 6N sodium hydroxide solution were added with

‘jfahaking and the ether layer was separated and washed four

 ft m@s with equal volumes of water. The ether solution was

’ﬂﬁfdried ever sodium sulfate and the solvent eVaperated. The

;@ 011 which remained was dissolved in 40 cc. of benzene

 with 2 cc. (.03 mole) of methyl lodide and the mixture was

:Vfluxed for one hour. After about 5 minutes, pale pink

atais of the methiodide salt appeared; the precipltate
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 °7fffzradua11y became heavier as refluxing continued. After the

"  1"r qﬂisite time, 100 cc. of 40-60° ligroin was added to com~

if‘the precipitation of the methyl 1odide salt. Upon
| oling, 1.8 g. (33%) of a very faintly pink erystalline
‘°5¢,§g§éipitate was collected which decompossd at 220°. After

f7fﬁir ﬁéystallization from ebsolute ethyl alechol the compound

;bbtgined as fine pure white needles which decomposed at

" Anal. Caled. for CogHonOoCLINS; I, 21.90. N, 2.42.
 7j;Feuna. I, 22.18. N, 2.66.

| i/?—DIMETHYLAMINOETHYL-10-(4-FHLOROPHENYL)-THIAXANTHYL

IER METHIODIDE

pe

; This materisl was prepared in a manner 1denticé1 to
y5gthg_method given for theycgrresponding5?-morpholinaethyl
 ether (L). To a solution of 1.1 g. (.0033 mole) of 10-(4-

7@ jQrcphenyl)-thiaxanthenol in 10 ce. of dry chloroform
s sdded .3 cc. of thionyl chloride in 10 ec. of dry chloro-

f:'f@rm; A solution of 1.8 g. (.02 mole) cf/?*dimethylaminoethyl
“Lal&ohol in 2.5 c¢c. of chloroform was added dropwise and the
5mixtare was refluxed for two hours. The free base,/-dimethyl-

: i]'ggiﬁgbthylolo-(4-ehloropheny1)athiaxanthyl ether was 1solated

ﬁfgiféired 01l in the usual manner and converted to the methio-
salt which was ebtained as light yellow orystals, After
kwkiﬁgtallization from isopropyl alcohol, a material which
“‘;;ﬁﬁigked «60 g.~(35%) and deeompbsad at 198° was obtained.
 Anal. Caled. for C,,HysOC1INS; I, 23.60. W, 2.6l.

_ Pownd. I, 23.40. N, 2.78.
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‘jerlPERIDINGETﬁYL-lo-(4-cHLOROPHENYL)-THIAXAN?HYL

ER METHIODIDE
This ether was prepared in exsctly the same manner
ﬁhatvcf the other two derivativees (L and M). The chlo-
éﬁhydroehloride of 1.1 g. (.0033 mole) of 10-(4-chloro-
enyl)-thiaxanthenol in chloroform was reacted with 2.6 g
;Jg;piperidinoetbyl alcohol and the free base was 1solated
é#fﬁsual. The methiodide salt was prepared as a yellow
fygtalline materisal ﬁhich was recrystallized from 1sopropyl
. ;géhol and decomposed at 196°. The yield was_.65 g. (35%) .
‘v» :“ Anal. Calecd. for CgyHpgOCLINS; I, 21.98. N, 2.43.
. Found. I, 21.91. N, 2.35.

0. 10-PHENYLTHIAXANTHENOL-DIOXIDE.

This oxldation was carried out as described by

_Gomberg and Britton (28). Into a solution of 11.6 g. (.04
mole) of 10-phenylthiaxanthenol in 80 cc. of hot glaclal

‘tic acid was introduced a concentrated solution of 15 -8

'{j(gls‘mole) of chromie acid in 20 cc. of water. The. oxidizing

,:Viagent was added at such a rate as tc keep the temperature of
”%!?hhg.aeetic acid above 100°. After addition of the chromic
“féa¢ié[sclution was complete, the dark-eoléred reaéﬁ&énmmixbane
5§§p,refluxed'for one hour, then 50 cc. of hot wéter were
Adﬁed and the 10-phenylthiexanthenol-dioxide was allowed

ta;arystallizo. After the solution cooled, the resulting

”&praaipitate was collected and washed several times with hot

‘ ar to remove chromic salts end tbﬂn recrystallized from
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t ~gl§¢ia1 acetic acid and water. The material was dbtained

fine white orystals which welghed 9.5 g. (74%) and melted

,;j71lo-PHENYLnlO-GHLOBOTHIAXAHTHENE—S-DIOXIDE

: Into a 500 cc. three-necked round-bottomed flask
: af&£ted with a reflux condenser connected to a hydrogen chlo-
}itrap,and & mechanlcal mercury-sesled stirrer, was placed
1iution of 19.3 ge (.06 mole) of 10-phenylthiaxanthenol

dai xlde in 100 cc. of dry chlorobenzene. The solution was

ought to reflux temperature and 12.5 (.06 mole) of phos-

| f§ fﬁa pentachloride was added portionwise, but rapidly, by
n8 of a powder funnel inserted into one of the nebks of
flask. A 1light red color developed almost immediately
,Jé_a émall amount of a dark red by-product precipitated.
ffirafluxing for one hour, the condenser was removed and
f@ajority of the phosphorus oxychloride was bolled aﬁayw .
fter treatment with activated charcoal, the solution was

- itgred, evaporated to 50 cc. and about 150 cc. of ligroin
" i5 w e gdded to precipitate the product. Upon standing, 17.7 g.
%) of a pinkish crystalline materisl which melted at 153-

59€yas collected. Recrystallization from high boiling

gréin raised the melting point to 160-161°, and removed
e color, leaving pure white crystals.
—ﬁIETHYLAMINOETHYL—lO-PHENYLTHIAXANTHYL DIOXIDE ETHER
DROCHLORIDE

. | A mixture of 3.4 g. (.01 mole) of 10-phenyl-10-
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. chlorothiaxanthene dioxide and 11.7 g. of S-diethylamino-
. i; alcoho1 («1 mole) was refluxed for two hours. After
eling; the brown solution was treated with 20 cc. of 6N
ﬁiuﬁwhydraxido and was extracted with 250 cc. of ethenr.
eﬁher layer was separated from a small amount cf pur-
gﬁ amorphous material and washed four times with 16@ ca.
ons of water. After drying overnight, the ether solu-
on was saturated with dry hydrégen chlgride gas, and allowed
to stand for several hours; fine white erystals formed which
1‘4 1i;?; ¢o11ected and recrystallized from alcohol. The yileld
 of material melting at 285° with decomposition was 2.0 g.
;é%)f The free base was prepared and after reerystalli-
:gﬁlfrom ethyl methyl ketone was obtained as fine white
edles which melted at 120°.

| Anal. Caled. for CopHogOzC1NS; Cl, 7.77. N, 3.06.
j’a; ¢i, 7.52. N, 3.02.

‘R 'fgéﬁﬂRPHDLIKGETHYL-lOoPHEEYLTHIAXANTHYL DIOXIDE ETEER
DROCHLORIDE

: " A mixture of 3.4 g. (.01 mole) of 10-phenyl-10-
w;L ?eth1axanthene and 13.1 g. (.1 mole) of/élmorpholino-
’:ibalcohol was refluxed for twoihours and was then added
ﬁﬁﬁbstirring to 200 cce of water containing 20 ec. of 6N
‘;ﬁﬁvhydrexide solution. The dark brown o0ll which pre-
’1“tited soon solidified to a gran@}ar precipitate. This
'éiél was collected and dried overnight in a desiceator,

free base‘cf/5-mcrpho1ineethy1-10-phenylthia;aathyl‘etha-
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“'“fﬁhh[extracted from this material by refluxing with two

’&essive 100 ec. portions of isopropyl ether. A small
ﬁaﬁtity of tarry material remained and was discarded.

D § hgdrogen chloride gas was passed into the isopropyl
“;kgé solution and a gummy precipitate of the hydrochlo-

iéé formed. Recrystallization from alcobhol yilelded 1.8 g.
érgfina white needles (38.5%) which decomposed at 266°.

“  Anal. Caled. for 025H260401NS, Cl, 7.53. N, 2.97.
‘Found. G, 7.30. N, 3.10.

  gf7é;"THIAXANTHENOL

o Although efforts to prepare alkamine ethers of thia-

thenol falled, an excellent synthesis of thiaxanthenol
elf was discovered. Previous reductions of thiaxanthone

?1'30 thiaxanth9n°l (22)(24)(14)(23) had given erratic results,

ﬁimpure products and low ylelds. An application of the method

' e:;ﬁrganic Synthesis (52) for the reduction of xanthnnn&fem
o jﬁfﬁyrol-to the reduction of thilaxanthone gave unusually
”7 ffj§@£e thiaxanthenol in quantitative ylelds.

|  Wf;;ﬂ A}mixture of 375 g. of mercury, 13.8 g. (.065 mole)
f f,ef ‘thiaxanthone and 80 ce. of 95% alcohol was placed in a

“*}j@]eaaure bottle and while shaking 4.6 g. (.2 mole) of sodium

jf{?were added in small pleces over a fifteen minute period.

ring addition of the sodium, the temperature rose and a
da k purple color developed which gradually disappeared as
' éi1mof the thiaxanthone went into solution. The mixture was

chanically shaken for an additional fifteen minutes and the
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Ljfélgqhql layer was decanted. The mercury amalgam was

tracted with two 15 cc. portions of hot alcohol and
igombinedalcohelic solutions were filtered to remove
gray residue and poured into one liter of water. A

. “¥f fwhit6 precliplitate of fine crystals was collected which
‘}jz;:,;;.,:,;ifweii ghed 13.2 g. (95.7%) to 13.4 g. (97%) when air dried.

is mater1al was pure enough for any subsequent reactlons;
Vmglted at 103-104°. The pure produet is'reported to melt
,,f105-106° Since the material 1is very susceptible to

h5753Q&1r oxidation 1t should be stored in a sealed brown bottle.
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VI SUMMARY

A method for the prepardtien of pure thiaxsnthenol

,l,qnantitative yields has been described. |
\§  £n improvement in the method for the preparation of
”fﬁhenyl-le-chlorathiaxanthene dioxide has been reported.
;‘Alkamine’ethera of 10-phenylthiaxanthenol and 10-(4-
Qrophenyl)~thiaxanthenol were prepared for passible
2 55 chemotherapeutic agents and were charsacterized as
hiodide salts.

‘t  Severa1‘alkamine ethers of 10-phenylthliaxanthenol
' ide‘were prepared as hydrochlorides for possible med-
il uses

]  ‘The following new compounds were prepared:

(1) /?-diethylaminoethyl-lo-phenylthiaxanthyl
ether methiodide dec. 184

(2) A?-dimethylaminoethyl-10-pheny1thiaxanthy1
.ether methiodide dec. 214

(3) [ -morpholinoethyl«10-phspylthiaxanthyl
ether methlodide ‘ - dec. 206

Eéf A;-piperidinoethy1~10~phenylthiaxanthyl
ether methiodide -~ dec. 208

(5) 10-(4-chlorophenyl)-thiaxanthenol M.P. 154
10-(4-chlorophenyl)-thlaxanthyl
chloride ferrichloride M.P. 194

(6) /?-morpholinoethyl-l@-(4-chloropheny1)~
thiaxenthyl ether methiedide dec. 223

- 47) B -piperidinoethyl=~10-(4~-chlorophenyl)-
thiaxanthyl ether methiodide dec. I96

(8) 4 -dimethylaminoethyl=10-(4~-chlorophenyl)-
thiaxanthyl ether methiodide dec. 198
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(9) A-dlethylaminoethyl-10-phenylthiaxanthyl
dioxide ether hydrochloride dec. 285

(10) 2 -morpholinoethyl=10-phenylthiaxanthyl
dioxide ether hydrochloride dec. 266
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THERS OF 10~ ARYLTHIAXANTHENOL
ABSTRACT

, : - The ywm of this research was w prepare ‘ series

| nt‘ msm sthers of thiaxanthenol and related sompounds for
P “‘:!mn use as pharmacological agents. The similarity in
sstuse betwsen thess compounds and compounds of known onss-
»Mﬁ%%ﬁ@ and mﬁumm&e astivity such as m uxmua
srs 0f benshydrol led us to believe that the thiaxanthenol
ors would be effective medicinals.
The following work was accomplished:
S (1) A method for the preparation of pure thiazan-

ol in quantitetive ylelds hss been worked osut.

~ (8) n twprovement in the method for the preparation
_ef 10-phenyl-10-chlerothiazanthene-dioxide has baen demomstrated.

© (3) Alkamine etbers of 10-phenylthiaxsnthenol snd

3. "ti*mlwaphmihthummﬁhml wers prepared and charscter-
as methiodide salts.
(, © (4) Beveral alkamine ethers of 10~phenylthiaxanthenol
' ' #mm prepared as hydrochlorides.
| (8) A number of new compounds were prepared.
e {e) ﬂa&mmum attampts were made to prepare others
i i'iof wngubstituted ¢ thisxanthencl and the eorrssponding thia-
 semtbenol dioxide.
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