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INTRODUCTION

Phenoxathiin (I) 1s a compound which has been the sub-
Ject of conelderable investigation by verious workers who
have not been concerned primarily with ite chemical proper-
ties, Ae an antl-bacterial agent phenoxathiln hse been
tested for its actlon upon Mycobsascterium §ubercglos;§l'2
Escherichila 291;2, Streptococcus hemolyticus (oyler strain)3,
8. he eg;demicusB end S, viridens.’ The compound wag shown
to have slight anthelmintic activity sgainst Hsemonchus
ggg&gg&ng.b The insecticldal properties of phenoxathiin have
attracted the greatest attention. In one series of tests5
phenoxathiin gave high kille of American cockroach, cebbage
aphld, dlamond-back moth, European corn borer, Hawellan beet

webworm and termite. Other insects upon which phenoxathiin

1M Tomits and W, %Watanabe, J. Pharm, Soc, Japsn, 71,
2104 (1951) [ c. A., ks, 7618 (1952)7.

2y, Tomita and V. ¥Yatanabe, ibid., 72, 478 (1952)
[C. A., 42, 7028 (1953)]. E—

3E. L. Everitt and M. X. Sulliven, J, Nagh, scad, Sel.,
30, 457 (1940),

I
H, McL, Gordon and M. Llpson, J, Council Seci, Ind,
Research, 13, 173 (1940).

5L. E. Smith, U, S, Dept. Agr.. Bur. Entomol. end Plent
Quarantine, E-580 (19#‘7




has been tested are cattle lices, chicken 11097, sheep

8 9 10-13
ticks ', caterplllare” and chlggers. Phenoxathiin has

been shown to have larvacidsl sctivity upon the larvae of

the mosquitolu, greenhouse leaf tyerls, fleecewormls, sCcrew

worml?, flyl8 and the codling moth.l9 Other uses for which

6J. G. Matthysee, New York (Ithaca) Agr. Expt. Sta,,
Bull, 832 (1946).

"H. S. Telfora, J. Econ. Entomol., 38, 573 (1945).

84, H. Schwardt and J. GC. Matthysee, New York (Ithaca)
tgr., Expt, S£ta,, Bull, 84l (1948).

%, J. Reid, Jr., and F, P, Cuthbert, Jr., U, S. Dept.
Agr., Bur, Entomol. and Plant Quarantine, E-787 TT§E§).

10p. M. Snyder and F. A. Morton, J, Econ. Entomol., 39,
385 (1946).

115, P, Linduska, F. A. Morton and ¥, C. McDuffie, ibid.,
41, 43 (1948). -

[

12H. F., Cross and F, M, 8nyder, Soep Sanit, Chemicels,
25, No. 2, 135 (1949).

130. N. Smith, Proc., Chem, Speclalties Mfgre. Asgoc,,
Dec., 79 (1950) [Original not available for inspection;
abstracted in C, A., 45, 5871 (1951)].

( 1?9. E. Fink end L. E. Smith, J. Econ. Entomol., 29, 804
1936).

lsﬁ. Metcalf and C. W. Kearns, Aibid., 34, 306 (1941)

164

Knipling, Aibid,, 34, 314 (1941).
185, 5, Loeffler and W. M. Hoekine, ibid., 39, 589 (1946).

198, H. siegler, F. Munger and L. E. Smith, U, £, Dept.
igr,, Circ, 523 (1939).

L.
F.

17L. E. Smith and R. Melvin, ibid., 36, 475 (1943).
s.
H.



20

phenoxathiin has heen tested are odor inhibitor™ , vinyl heat

stabillzerzl, starting material for synthesis of vinyl
2-25

polymers2 and asg an anelytical reagent for palladium.26
As & result of the interest shown in phenoxathiin by

industrial orgenlzations, the compound hag been made commer-
clally avallable at a price much less than those of the re-
lated heterocycles, dibenzothlophene and thlanthrene. Even
though phenoxathiin i1s much less expensive than dibenzothio-
phene, the chemistry of the latter heterocycle has been in-
vestigated more completely than thet of phenoxathiin,
Derivatives of phenoxathiin have been tested for practical

apnlication rather infrequently consldering the amount of

interest in the parent compound, This lack of investigation

20
L. H, Flett, U, 2. Patent 2,469,378 (1949) [ C. A,,
43, 6846 (1949)]. [ s

213. F. Boyer, U. S. Patent 2,462,352 (1949) [C. A.,
43, 4520 (1949)].

22g, @, Flowers ana L. W, Flowers, J, Am, Chem, Soc,,

71, 3102 (1949),

23R. G. Flowers and L. W. Flowers, U, S. Patent
2,449,527 (1948) [ C. 4., B3, 904 (1949)].

ZMR. G. Flowers snd L, W, Flowers, U, 5. Patent
2,449,528 (1948) [ C. A., 43, 1223 (1949)].

25R. G, Flowers and L. W, Flowers, U, S, Patent
2,451,818 (1948) [C. 4., 43, 1814 (1949)].

260. Kdnig and W, R, Crowell, Mikrochemie ver,
Mikrochim. Acta, 33, 298 (1948).



may be due to the absence of convenlent methods of preparing
pure derivatives of known structure,

The need for a comprehensive complilstion of the existing
knowledge of the chemistry of phenoxathiin prompted a review
by Deaeyz? in 1943, This work hae remained as the sole sur-
vey of this fleld. Phenoxathiin, unlike dibenzothiophene,
has not been included in the popular books dealing with
heterocycles. However, & forthcoming volume of the series

28a

by Elderfield will contaln part of a chapter devoted to

phenoxathlln.zeb
It 1s the purpose of this investigation to meke a

systematic study of the chemlstry of phenoxathiin and its
derivatives. This study includes a collectlon and correla-
tion of the data in the literature and the performance of
those selected chemlcal reactions which will integrate the
existing data and extend the knowledge of orlentation in the
phenoxathlin nucleus. An integral accompanying phase of the

investigation is the comparison of the relative orienting

influences of the two hetero atome, oxygen and sulfur.

27¢, L. Deasy, Chem. Revs.,, 32, 173 (1943).

2Bs‘R. C., Elderfield, "Heterocyclic Compounds*, John
Wiley and Sone, Inc., New York, N. Y.

28bp . G, Elderfield, University of Michigan, Ann Arbor,
Michigan, Private communication, May 30, 1955,



Though phenoxathiin has been studied from thle viewpoint on
earlieq/occasiona and valuable predlctions were made, the
meager data avallable may have led to premature concluslons.
Due to the structursl similarities of phenoxathiin to the
oxygen and sulfur heterocycles, dibenzofuran and dibenzo-
thlophene, respectively, and since the chemistry of these
compounds having only one hetero atom has been more thorough-
ly investigated, frequent recouree was made to the lliterature
concerning these heterocycles. A large part of the investi-
gation is concerned with the chemical propertles ot the two
oxidatlon producte of phenoxathlin, 1i,e., phenoxathiin-10-
oxlde and nhenoxathiin-10-cioxide, The 10-oxlde and the
10-~dloxide present sites where the orlenting fnfluences of
the sulfoxide and sulfone groups can be compared, It will

be shown that, with anpropriate utilizetion of the directive
influences of thege two groups, the most convenient routes
to many derivatives of phenoxathiin wlll be by way of sub-
stitution reactlons of the 10-oxide and the 10-dloxide.



HISTORICAL

The Historical section of thie thesies includes a survey
of the methods of preparation of, and the physical and chem-
icel propertiee of phenoxathliin and ites known derivatives.
Particular emphasie 12 placed upon those reactions which are
invoelved in the determination of the location of a substitu-
ent in the phenoxathiin nucleus. Supplementing the text are
tables of those derivatives of phenoxathiin, phenoxathiin-10-
oxide and phenoxathiin-l0-dioxide which have been deszcribed
in the literature and those prepared in the course of thise
investigation. At the end of this section 1e a bibliography
of phenoxathiin itself. Coverage of the llterature on
phenoxathiin is complete through 1954, The period between
1954 and June, 1955 was covered ae completely as possible
by a survey of the Heterocyclic section of Current Chemical
Papers, This publicatlion conteins a claesified world list
of the new papere in pure chemistry. Each entry in the 1list
consiste of the title of the erticle, the name(s) of the

author(s) and the journal reference.

Nomenclature

Phenoxathiin has been identifled by cseveral names. The

name used in this thesis 1&g that preferred by Patterson and



Capell29 and employed by Chemical Abstracts since 1937.
Other names which have appeared in the literature are di-
benzothioxin, dibenzothioxine, dibenzo-l,4-oxthiin, phen-
oxthionine, phenthloxine, phenoxthin, phenoxthine and
phenothloxin. The last name 1is used currently by Matheson,
Coleman and Bell, Inc. and by the Dow Chemical Company.
Several systems of numbering the ring nositions have
been used and no universally accepted system exists. Em-
ployed herein and 1llustrated below (I) 1e the system pre-
ferred by Patterson and Capell29 and adopted by Chemical
Abstracts. MauthnerSo, the initisl worker in the fleld of

9 10 1
8 § 2
7 0 3
6 s 4
I

phenoxathiin chemistry, proposed the name "phenoxthin' and

the system 1llustrated by formula Ia. This numbering syestem

29&. M. Patterson and L, T. Capell, "The Ring Index",
Reinhold Publishing Corp., New York, N. Y., 1940, p. 259.

BOF. Mauthner, Ber,, 38, 1411 (1905).



4 fo 5 10 i 2
3 8 ) 9 S 3
7
2 0 8 0 4
1 9 8 7 6 s
Ia 1b

is frequently encountered in the German and Japanege litersa-

ture, The system Ib was used by Pollack, Rieez and Riesz.Bl

Phyeical Properties of Phenoxathiin

Phenoxathliin 1s a white £0l11d having a density of 1.38

2
g./ml.3 At 60° the epecific gravity of liquid phenoxathiin
is 1.226.33 The compounc¢ can be dletilled at atmospheric
1
pressure a8 the boiling voint at 745 mm., 1is 3110.3 However,
31

R. Pollack, E. Rieez and J. Riesz, Honstsh,, 58, 129
(1931).

32R. @. Wood, C. H. McCale and G. Willlems, Phil. Mag.,
31, 71 (1941).

33The Dow Chemical Company, "Dow Specilal Chemicals®,
Midland, Michigan, 1950.

3“0. M. Suter and F, O, Green, J, Am, Chem. Soc., 59,
2578 (1937).




there is elight decomposition at thie temperature and most

distillstione have bheen performed at reduced pressure, The
following boiling polints and pressurees hsve been recorded:

185-187°/23 mm.>5, 180-183°/15 mm.36, 183-1849/12 mm, 77,

180°/10 mm.33, 150-152°/5 mm.3® ena 120-121°/1 mm. 0

Due
to 1ts low vapor presgure phenoxathiin le not appreciably
volatile with steam.-”

Melting points for phenoxathiin have been reported in
the renge 53-610. The cormmercially aveilable meterial, for
which the quantitative solubility datz are available, melts
at 53-550.33 The melting point of 55.3~55.5° wae recorded
for & sample which hed been purified by vacuum distillation

Lo

followed by crystellization from ethanol, Mauthner, who

performed the originel synthesis of phenoxathlin, recorded

the highest melting point. The semple melted st 60-61°
39 4

after seversl recrystsellizations from ethanol. sample

350. M. SButer, J. P. McKenzle and C. E. Maxwell, 1ibid.,
58, 717 (19386).

36C. M. Suter end C. E, Maxwell, "Organlc Syntheses',
Coll, Vol, 2, John Wiley and Sone, Inc., New York, N. Y.,
1943, p. 485,

37G. M. Bennett, M. S. Leslie and E. E. Turner, J. Chenm,
Soc,, 44l (1937).

3Brnie thesis, |
g, Mauthner, Ber,, 39, 1340 (1906).

“oo. A, Nelson and L. ¥, Smith, J, Am, Chem, Soc., 84,
1057 (1942).
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recrystallized from methanol "until pure" melted at 57.5-58°
when the melting point was observed with a polarizing micro-
scope.35 After an extensive purification process which con-
sisted of extraction with 30% aqueous sodium hydroxide
solution, weshing with water, recrystallization from ethanol,
sublimation and egain recrystallizatlion from ethanol, the
resulting white needles of phenoxathiin melted at 55.70.41
The crystals of phenoxathiin appear to belong, as far
as the external symmetry is concerned, to the orthorhombiec
holohedral class, but X-ray resulte show that the crystale
32

are enantiomorphic. The crystal lattice 1is I‘o and the
space group P212121(ﬁu2).32 Phenoxathiin was shown to be
isomorphous with phenothiagine on the baslie of the similarity
of the exlal ratios. This similarity existe even though
the crystals appear quite different externally.32

The stereochemistry of phenoxathiin has been inveetli-
gated by consideration of bond angles and atomic radil,
crystel structure, dipole moment and by chemical methods,
If the molecule were not plenar 1t would have no center of
symmetry and could possibly give rise to optically active

derivatives. Bennett, Leslie and Turner37 hed no success

in resolving either 3-nitro-8-methyl-l-phenoxathiincarboxylic

ulN. M, Cullinane and W. T. Rees, Trans, Faradey Soec,,
36, 507 (1940).



11l

acld or _-phenoxathllncarboxylic acid. The former acld was
converted to the brucine salt but no diastereolsomers were
separated. Similarly, the latter was non-resolvable by way
of the strychnine salt or the & -phenylethylamine salt.

The finding that the aclds did not exist in two separable
forme wae not proof that the molecule was planar, however,

Cullinane end Reesul

, using valence angles and atomic
radil of carbon, oxygen and sulfur, made calculations of the
engle of fold about the 0-8 axls and concluded that phenoxe-
thiin was folded, These same workers attempted to show that
phenoxathiin possegsed a folded structure by a comparative
gtudy of binary mixturee of phenoxathilin, phenothiazine, thi-
anthrene, phenoxazine and dibenzo-p-dioxin. They assumed
that binary mixtures of isomorphous compounds formed solid
gsolutione snd that isomorphism existed when two compounds of
enalogous constitution had like spatial structures. Refer-
ence compounds in the study were dibenzo-p-dioxin, which has
a zero dipole moment and a planar structure, and thian-

l2-45

threne, which hae a dipole of approximately 1.5 D and

h2p

. Bergmann snd M. Tschudnowsky, Ber., 65, 457 (1932).
( 4§3w. 5. Welle and C. P. Smyth, J. Chem, Physies, 1, 337
1934).

“4G, ¥. Bennett and S. Glasstone, J, Chem. Soc., 128 (1934).

451, G. M. Campbell, C. G. LeFdvre, R. J. W. LeFévre
and . E. Turner, 1ibid,, 404 (1938).
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& folded structure, It was expected that phenoxathiin would
form a so0lid solution with thlenthrene, The pertinent ex-

ot are listed 1n Table 1.

perimental resulte
By applicatlion of the rule that binery mixturee of

isomorphous compounds form solid solutions it wae concluded

Table 1., Type of solution formed by binary mixturee of
related heterocycles

Components of mixture . Type of solution
Dibenzo-p-dioxin and phenoxathiin eutectic
Dibenzo-p-dloxin and phenothlezine eutectic
Dibenzo-p-dloxin and thianthrene eutectic
Phenothlazine and phenoxathiin golid
Phenothiazine snd thianthrene solid
Thianthrene and phenoxathlin eutectic

that phenoxathiin and phenothiazine were lsomorphous and that
both have folded structures. Logically 1t would follow that
phenoxethiin and thlanthrene were lsomorphous, but the data

revealed otherwlee. Due to thie apparent anomaly the binary

mixture studlee ylelded no conclusive evlidence for folding.
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Wood, McCale and wllliams32

compared the axlal ratios
and the results of X-ray messurements of phenoxathiin,
prhenothiazine, phenoxaselenin and phenoxatellurin and con-
cluded that the four are isomorphous. Also, each compound
contained four molecules per unit cell ag indlcated by the
gimilarity in the observed and calculated densitles. These
workeres state that the four isomorphous compounds possessed
etructures in which the molecules were folded along the line
Joining the two hetero atoms. The suggested angles of fold
for these molecules and for thianthrene are phenothiazine,
160-170°; phenoxathiin, 150-160°; phenoxaselenin, 140-150°;
' phenoxatellurin, 135-145°; and thianthrene, 140°,

A reason euggestede for the absence of eg0lid solutions
in the phenoxathiin-thianthrene mixtures was the appreclable
difference between the angles of told of the two compounds.
This reasoning does not taske into account that phenothlazine
and thisnthrene form solid solutions even though the differ-
ence in sugzested angles of fold is greater than in the case
of phenoxathlin-thianthrene.

The most concluslve evidence for the folded structure
1e based upon the dipole moment. Higasl and U‘yenm6 deter-

mined the moment in benzene and hexsne solutions to he

46K. Higesl and S. Uyeo, J, Chem, Soc. Japan, 62, 400
(1941) [ C. A., 35, 6167 (1obVf.~
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1.09 D, They concluded that the molecule wae folded,
Blgasia7 predicted that no opticel lsomerism would be ex-
pected in derivatives of phenoxathiin since the activation
energy for recemization would be too small, no more than a
few kilocalories. The angle of fold of 155:5o was sugzested
by Leonard and Sutton who found the dipole moment in benzene
to be 0.92 D.L"8

Phenoxathilin ie eoluble in sll the common organic
solvente. The szpproximete golubility in some common solvents
e lieted in Table 2,37

The ususal solvente for recrystallization are methanol
and ethanol, though crystallization can be effected from
acetic acld and low bolling petroleum ethers, Suter and
M&xwe1136 have recommended that, when recrystalllzing from
hot methanol, the solution be chilled rapidly and stirred

vigorously to prevent the formation of an oill.
Physical Properties of Phenoxathiin-10-oxide

The recorded melting voints of phenoxathiln-l0-oxide

47K. Figasl, Sci, Papers Inst, Phys. Chem. Researec
(Tokyo), 38, 321 (1941) [ C. 4., 35, 6167 (1941)].

bBN. J. Leonard and L. E. Sutton, J. Am. Chem, Soc.,
70, 1564 (1948).
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Tsble 2. Approximate solubility of phenoxathiin

(Grams per 100 grams of solvent at 25°)

Solvent Solubllity
Acetone 200
Benzene 165
Carbon 100

tetrachloride
Ether 165
Methanol 7
VMP Naphtha 33
Water (at 80°) Practically

insoluble

l1e in the range 151-1590.33:38:%9-53 1 1440 ang Ikeda'® ob-

gserved the melting point of 151-1540 for phenoxathiin-10-oxide

49%. Tomite and T, Ikeds, J. Pherm., Soc. Japan 8, 780
(in German, 231) (1938) (C. A., 33, 2526 EIQB . <&

507, Irle, Bull, Inet, Phys. Chem, Research (Tokyo),
20, 150 (1941) [C. A., 36, 2881 (1942)7.
T. Irle, J, Faculty Scl.,, Hokkaido Univ,, Ser. 3, 4,
No. 2, 70 (1951) (in English) [ C, A., 57, 6959 (1953)]. This
article 18 a translation of the preceding article in Bull.
Inst, Phys, Chem, Research (Tokyo), 20, 150 (1941).

(1952?1H. Gilman and D. L. Esmay, J. Am. Chem, Soc., 74, 2021

52J, F. Nobis, A. J. Blardinelll and D, J. Blaney, 1ibid.,
7.5, 3384 (1953).

53u. p. X. Drew, J. Chem, Soc., 511 (1928),
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obtained by oxidation of phenoxathlin with dilute nitric
ecld. Melting pointe of 151-153° and 153.5°, the latter
being of & sample recrystallized from methanol, were re-
corded by Irie.5o In the same range is the melting point
of 152~153° reported by Gilman and Esmay.51 The pure grade
of commercial phenoxathiin-l0-oxide obtalned for this study
melted at 154-155,5°. Benzene was the recrystallization
eolvent used by Nobls, Blardinelli and Blaney52, who re-
ported the melting point of 154-1560. Drew53 obeerved that
phenoxathiin-10-o0xide melted at 158-159o after recrystalliza-
tion from benzene or acetic acid,

Table 3 contalns the aspproximate solubility of phen-
oxathiin-10-oxide in some common solvents.--

Phenoxathiin-l0-oxide cryetallizes in the form of
masglive needles or prisms from glaciel acetic acid or benzene.
Other commonly emnloyed recrystsllization solvents are

methanol, ethanol and dilute scetic acid.
Physical Properties of Phenoxathiln-l0-dioxide

Melting points renorted for phenoxathiin-l0-dioxide
have been in the range lh0~1h8°.39'u9"51 The melting point
encountered most frequently 1gs 1#?-1480. Mauthner's product

melting at 140-141° may have contained a small emount of
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Table 3, Avproximate solubility of phenoxathiin-10-oxide

(Grame per 100 grams of solvent at 25°)

Solvent Solubility
Acetone 3.0
Benzene 0.2
Carbon 0.4

tetrachloride
Ether 0.5
Methanol 5.0
VMP Naphtha 0.1
Water 0.1

phenoxathiin or phenoxathiin-10-oxide as it gave a blue
color in concentrated sulfuric acid.39 This supposition is
based upon the obgervation that phenoxathiln and phenoxa-
thiin-10-0oxide yield purple to violet golutions in concen-
trated sulfuric scid, whereas phenoxathiln-10-dioxide forms
a colorless solution.53 The pure grade of the commerclally
avallable materisl melting st 147-148° gives no color in
concentrated sulfuric acid solution.
Phenoxathiin-10-dloxide ie insoluble in petroleum

ether and ligroln.39 Though slightly soluble in hot carbon
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tetrachloride, the compound 1e very soluble in chloroform.
Hauthner39 reported that the product melting at 140-1410 was
gsoluble in ether, ethanol and henzene, The present writer
observed that only a emall amount of pure phenoxathiin-10-
dloxide was soluble in a large volume of ether, Ether and
benzene were concluded to be in different solvent categories
ag far as the ability to dlssolve phenoxathiin-10-dioxide
was concerned. The golvente normally employed for recrys-
tallization are dilute acetic acid, glaciel acetlc acid and
ethanol.

Methods of Preparatlion of Phenoxathiiln

In 1906 Mauthner39 reported the first preparation of
phenoxathiin., The compound was prepared from 3-phenoxathiin-
carboxylic ecid which was decarboxylated by heating with

calclum oxide,

S S
CaQ

——
0 C02H Dry distillation 0
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The decarboxylatlon reaction was used for s different
purpose by Gilman, Van Ess, Willle snd Stuckwiach.5“ These
investigators had carried out the reaction between phenoxa-
thiin and n-butyllithium, followed by carbonation and acldi-
fication. The resulting 4-phenoxathiincarboxylic acid wase
proved to contain the phenoxathiin ring system by decarboxy-
lation to yleld phenoxathiin, In thie case decarboxylation
was effected when & mixture consisting of the acid, copper
bronze and quinoline was heated at 200° for 30 minutes.

The method of preparation of phenoxathiin which was
reported by Drew53 is interesting in that 1t involved re-
rlacement of tellurium by sulfur. Phenoxathlin was formed
in over 90% yield when phenoxatellurin was heated with
sulfur,

Te S

+ S heat + Te
0 0

Following removal of the tellurium, the organic product

was recrystallized from acetic ascid. Even though the melting

SaH. Gilman, Marian ¥. Ven Ess, H., B. Willie and C. G.
Stuckwisch, J, Am. Chem. Soc., 62, 2606 (1940),
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point was 580, the crystallized phenoxathiin yet contalned
6-7% phenoxatellurin. The two isomorphous compounds were
1néeparab1e by crystallization. Since only phenoxatellurin
formed an insoluble 10,10-dibromide, & solution of the mix-
ture was treated with bromine and phenoxatellurin was removed
as the 10,10-dibromide. The pure phenoxathiin melted at 58°.
The identity of the product was established on the basis of
the preperation procees, anslysis and proximity of the
melting point to that of Mauthner'339 phenoxathiin. Repeated
recrystallization fazlled to ralse the melting point to the
60-61° reported by Mauthner. Drew d4id not mention the two
other reporte of the preparation of phenoxathiin. The omis-
sion is surprising since the close agreement between the
melting point of Drew's phenoxathiln and the 59° reported
earlier by Ferrar1055 would have constituted additional
evidence for the assignment of structure,

The route from a readily avallable starting material
to phenoxathiin 1e 2 long one if phenoxatellurin is an inter-
medlate. Involved is the reaction between diphenyl ether
and tellurium tetrachloride and subsequent reduction of the
reeulting 10,10-dichlorophenoxatellurin to phenoxatellurin.56
Attempte to extend the "phenoxatellurin to phenoxathiin

55E. Ferrario, Bull. goc. chim,, France, 9, 536 (1911).
56H. D. K. Drew, J. Chem, Soc., 223 (1926).
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synthesis® to include the preparation of phenoxathiin deriv-
atives were mentioned by Drew53, but no experimentasl detalls
were published., 2-Chloro-8-methylphenoxatellurin was re-
ported to behave towards sulfur in a manner gimilar to that
of phenoxatellurin. Explogions resulted when nitrophenoxa-
tellurins were heated with sulfur,

The principal method used for the preparation of phen-
oxathiin 1s based upon the reaction of diphenyl ether with

sulfur in the presence of sluminum chloride.

AlCl3 S
+ 2§ — + H,$
0 .

In 1911 descriptions of the sbove reaction were published
almost simultaneously by Ferrar1055 end Ackermann.57 The
latter worker had described the reaction in 1910 in a patent
application. It wae evident that Ackermann recognized that
the reaction wag not limited to the preparation of the parent

compound since he reported aleo the.preparation of a chloro~

57y, Ackermann, German Patent 234,743 (1911 [gh_ggﬂ
5, 2912 (1911); Chem, Zentr., 82, I, 1768 (1911)].
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and s methylphenoxathiin from the appropriately subetituted
diphenyl ethers., However, for the purpose of convenlence
the reaction was celled the "Ferrario reaction”.34 Thie
name will be used in this thesis.

In the expsrimental procedure described by Ferrario the
reactante were mixed in approximetely the stolchiometric
ratio, i.e., 0.5 mole each of diphenyl ether and aluminum
chloride and 1,0 gram atom of sulfur. The time snd tempera-
ture of reaction, work-up procedure, melting point and
analysis of the product were described,

Suter, McXenzie and EaxwellBS gtated that, "Ferrario
cleimed practlcaslly cuantitative ylelds for hils last
method . . . .* The first of the two methode by Ferrario
was &n unsuccessful attempt to prepare phenoxathliin by the
reaction between diphenyl ether and sulfur. The only
reference which Ferrario made as to the succees of the second
method, other than the experimental procedure mentioned above,
occurs 1in the following sentence:

If’one effecte the reactlon 1in presence of a cata-

lyet (anhydrous magnesium chloride or aluminum

chloride) one obteins a very good result, ggpe-
¢ially if the temperature is not too high.

35 obtained mostly tarry producte

Suter and coworkers
when they carried out the resction according to the ~rocedure
of Ferrario, After consldersble reeesrch, these workers

found that, when excess of diphenyl ether was em:~loyed, nure
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phenoxathiin in ylelds of 67-72% was obtained. The uee of
solvents other than the excess of diphenyl ether falled to
improve the yield. Little, 1f any, reaction occurreé in re-
fluxing carbon disulfide, The reaction in gym-tetrachloro-
ethane at steam bath temperature produced a 48% yield of
phenoxathliin. Bennett, Leslle and Turner37. using the best
method of Suter, McKenzie and Maxw31135, prepared nhenoxa-
thiin in 88% crude yleld. The yield of pure product, obtained
after two recrystallizations from ethanol, was 59.5%.

The most detalled experimental procedure for the orepa-
ration of phenoxsthiin ig that by Suter and Maxwell.?® Crude
ylelde in the vicinity of 87% are obteilned by this procedure.
The lose on one recrystallization from methsnol is about 3%.
In the course of preparing phenoxathiin for use in metalation
resctions, Gilman, Van Eeg, ¥Willis and Stuckwisch® confirmed

the ylelds reported by Suter and Maxwell.
Preparatlion of Phenoxathiin-10-o0xide

Derivatives of phenoxathiin-10-oxide have been synthe-
gelzed by ring closure methods but the parent heterocycle has
been prepared only by oxidation of phenoxathiin and by hy-
drolysis of 10,10-dichlorophenoxathiin. The reductlion of
phenoxathiin-10-dloxide to phenoxathiin-10-oxide has not
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been reported, Desplte the fact that it has been prepared
by princlpally one method, there has been general agreement
ag to the structure of phenoxathiin-10-oxide, Yet no large
ecale preparation has been described, probably becsuse there
sre so few preperations in which phenoxathlin-10-oxide 1s
known to be a good starting material.

From the standpoint of 1ts preparation, phenoxathiin-
10-oxide enjoys an unenviable posltion between its reduction
product, phenoxathiin, and its oxidastion product, phenoxa-
thiin-10-dloxide. It ie shown below that if too irlld oxi-
dizing conditiones are employed the 10-oxide will contaln
unreacted phenoxathiln., On the other hand, under slightly
more vigorous oxidizing conditions a mixture of the 10-oxlde
and 10-dloxide may be formed. The geparstion problem in
thle latter case ic more difficult than in the case of a
mixture of phenoxathiin and one of the oxidatlion products.

Gilman and Esmay51 compliled an extenslve table of data
in the course of study of the peroxide oxidetlon of phenoxa-
thiin. Upon examination of this table it is evident that
the course of the oxidation in glaclial acetic acld 1s ex-
tremely dependent upon such factores as ratio of moles of
peroxide to moles of phenoxathiin, amount of acetlic acid,
temperature of reaction and time of reaction. Though these

workers did not carry it out with thle nurpoee in mind, one



25

of the experiments isg quite similar to that procedure of
Drew, >3 Thus, when a 10% excess of 30% aqueoﬁs hydrogen
peroxide was added to a 20% solution of phenoxathiin in
glacial acetic acid, the mixture heated at 90-98° for 20
minutee and then diluted with water, there resulted a 40%
yield of phenoxathlin-10-oxide end & 49% recovery of starting
material, In other experiments the yilelds of the 1l0-oxlide
ranged from zero, in which case a 97% yleld of the 10-dioxide
was obtained, to 90%.

Ag a part of the above mentloned investigation Gilman

51 found that ethanol was superior to glaclal acetic

and Esmay
acid as a solvent for the preparation of phenoxathiin-10-
oxide, There was no appreclable oxldation to the dloxide
even wvhen an eightfold excess of hydrogen peroxide was
employed. Yields of 96% and 98% of pure phenoxathiin-10-
oxide were obtained in the 0.05-mole runs.

- Fhenoxathlin-10-oxide has been prepared in ylelds of
91-95% by nitric acid oxidation of phenoxathiin in glscial
acetic scid solution. Tomita and Ikeda."+9 prepared phenoxa-
thiin-10-oxide, m.p. 151-154°, 1n 92% yleld by adding a
multifold excees of fuming nitric acld (sp. gr. 1.45) to a
dilute solution of phenoxathiin at 30-400. Similar condi-
tion: were employed by Noble, Blardinelli and Blaney52 in

an unsuccessful attempt to prepare 2-nitrophenoxathiin.
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Thue, fuming nitric acid (ep. gr. 1.5) at 30o effected no
nitration, but afforded a 91% yleld of phenoxathiin-l0-oxide.
In the course of this work nhenoxathiin-l1l0-oxide was
prepared in ylelds of 93% and 95% by oxldation with dilute
nitric acid (sp. gr. 1.2). Thie oxidizing agent had been
used by Mauthner for the preparation of l0-oxidee of 1,3~

dinitrophenoxathiinBo

acid.39

and l-nitro-3-phenoxathiincarboxylie

In an unsuccessful attempt to nitrete phenoxathiin

Irieso

added acetyl nitrate to & cold solution of phenoxa-
thiin in carbon tetrachloride., Phenoxathlin-l0-oxide was
the only product ieolated.

Irieso isolated 10,10-dichlorophenoxathiin and observed
that this orange, crystalline compound was easily hydrolyzed
to phenoxathiin-10-0xide. Hydrolysis was accomplished when
the crystals were poured upon 1ce or left exposed to the

atmosphere, HNobls, Blardinellil and Elaney52

prepared
phenoxathiin-10-oxide in 81% yield by pouring upon ice that
10,10-dichlorophenoxathiin mixture formed by psssing chlorine
inuto a solution of phenoxathiin in glacial acetic acid.

53 found that phenoxathiin-10-oxide wee formed by

Drew
hydrolyeis of a solution of phenoxathiin in cold, concen-

trated sulfurlec acld. The reaction was not intended ag one
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of preparative value, but was carried out as part of an in-

vestigation of the action of sulfuric acid upon phenoxathiin,
Preparation of Phenoxathlin-10-dloxide

Phenoxethiin-10-dloxide has been prepared only by
oxidation of phenoxathlin and phenoxathiin-10-oxlde. Since
the produet is not in an intermediate oxldation state, the
conditions for carrying out the oxidation are not go limited
ag in the case of the vpreparation of phenoxathlin-10-oxide.
There has been no report of cleavage of the ring system by
an oxidizing agent.

The initial preparation of phenoxathiin-10-dioxide wase
reported by Mauthner39, who oxidlzed phenoxathiin with a
solution of chromlc acld in acetic acid., The preparation
has been repeated by Drew53 and by Irie.5° That the 10-oxide
was the probable intermedlate oxidatlion product in the oxida-
tion of phénoxathiin to the 10-dioxide was shown by Tomita

and Ike daug

when they carrled out the chromic acid oxidatlon
of phenoxathlin-l0-oxide to phenoxathiin-10-dloxide.

Irieso prepared phenoxathiin-10-dioxlide by oxidizing
phenoxathlin in glaclial scetic acid with excess fuming nltric
acid (sp. gr. 1.45). With two exceptions these conditions

are very similar to those described by Tomita and Ikedab9
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for the preparation of the 1l0-oxide. The actual esmount of
oxldizing agent employed by Irle was only 60% of that amount
used when the oxide was the desired product. The temperature
was the 1mportsht factor, however., Irie carried out the
reaction at 80° as compared to 30-40° used by Tomita and
Ikeda.

Drew>3 obtained phenoxathiin-10-dioxide by long heating
of a glacial acetlic acid solution of phenoxathlin and hydro-
gen peroxide., A eimilar but much more detailed procedure,
one which afforded a 97% yleld of the 10-dioxide, was de-
gcribed by Gllman and Esmay.Sl Drew53 also mentioned the
preparation of phenoxathiin-10-dloxide by oxidation with

potassium permanganate, but he provided no details.

Ring Closure Methods of Preparation of

Phenoxathiin Derivatives

The first compound containing the phenoxathiln ring
system was prepared by the condensation of picryl chloride
with the disodium salt of o-thlolphenol. Mauthner>® believed
that the reection occurred as shown below and that the
product melting at 187° was 2,4-dinitrophenoxathiin, How-
ever, it will be shown subsequently thst the compound was

1,3-dinitrophenoxathiin.
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SNa 02" N02 NaOH S No'l
+ ———
ONa C1 0
NO2 NO,
S$Na cl NaOH S
o+ ——
ONa OzN NO, 0 Noz

Stevenson and Smiless8 encountered the same problem in
that the reaction between 2-hydroxy-l-thiolnaphthalene and
pleryl chloride would yleld the dinitro derivative (II) or
(III) depending upon whether sodium nitrite was eliminated
through the salt of the thiol or the phenol., It was proved
that the reactlon occurred by the latter mechanism when the
dinitro compound, III, wes found to be identicael with the
vroduct from the action of sodium hydroxide upon the S-pieryl

derlvative of 2-scetyloxy-l-thiolnaphthalene.

( ?SH. A, Stevenson and S. Smlles, J, Chem, Boc., 718
1931). ‘
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NO; |
| SH Cl @ iS:@Nog
4.
OH OyN NO2 ' 0 7
m

NaOH
0
s NO2
Nagy e
s NO2 III
o 0N NO,
2C
0% ™ ehy

Addltlional evlidence for the formation of 1,3-dinitro-
ohenoxathiin and not the 2,4-isomer was provided by Mauthner39
wvhen he carried out the bsse-catalyzed reaction between o-
thiolphencl and 3,5-dinitro-4-chlorobenzoic aeid, This re-
action, 1llustrated below, 1s very similar to the one used
in the preparation of 1,3-dinitrophenoxathiin; the only d4dif-
ference bhetween the 3, 5-dinitro-4-chlorobenzoic acid and
picryl chloride being a carboxyl group in the former and a

nitro group in the latter compound.
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N S NOo
SHooo¢C NaOH 4n
+ alcohol
OH OQN C02H ——— 0 02"'

It ie somewhat surprieing that this product which melted at
262° was designated l-nitro-3-phenoxathilincarboxylic scid

by Mauthner.39 Thie designation was shown to be correct when
a later worker proved that the nitro group was in the 1-
poeition.so Thue, there ie 1little doubt that the dinitro
compound, prepared by the same type of reasction, was 1,3~
dinitrophenoxathiin,

The preparation of l-nitro-3-phenoxathiinecarboxylic
eclid according to Mauthner's method has been repeated by
Irie5o and by Shirley and Lehtosg, who reported melting
points of 259° and 260-2620, respectively. All three groups
of workers prepared l-amino-3-phenoxathiincsrboxylic acid

by reduction of the nitro compound.39’5o'59
59

39

Mauthner carried out the

and Shirley and Lehto
dlazotization of l-amino-3-phenoxathiincarboxylic acld and
subsequent removal of the diazo group. The resulting 3-

rhenoxathiincarboxylic acid, m.p. 223°, was the first

59p. A. Shirley and E. 4. Lehto, J. Am. Chem. Soc., 72,
1841 (1955).
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phenoxathliin derivative containing only a carboxyl group.
Shirley and Lehto59 showed by & mixed melting point deter-
mination that the 3-acld wae different from the l-phenoxa-
thiinecarboxylic acid, m.p. 221-222°, which they prepared by
metalation of phenoxathiin-10-oxide with n-butyllithium,

Ir1e5° converted l-amino-3-phenoxathiincarboxylic acid
to l-chloro-3-phenoxathiincarboxylic acid by dlazotization
followed by the Sandmeyer resctlon. Subsequent decarboxyla-
tion by dry distillation from calclum oxlde ylelded 1-
chlorophenoxathiin, m.p. 78-80°, That the chlorophenoxathiin
wee neither the 2-isomer, m.p. 88-890, nor the chlorophenoxa-
thiin, m.n. ?8—790, obtained by chlorination of phenoxathiin,
wag8 eshown by depressions in melting‘points of the mixturee.
L-.Chlorophenoxathiin is s liquid.

Several polysubstituted derivativeeg of phenoxathiin
were prepared by ring closure syntheses which were modifica-
tione of Mauthner's piceryl chloride method. Bennett, Leslie
and Turner37 prepared 3-nitro-8-methyl-l-phenoxathiincar-
boxylic acld by condensing 3-thlol-p-tolyl carbonate with
2-chloro-13, 5~dinitrobenzoic acid in an aqueous ethanol
solution of potasslum hydroxide. The structure of the
product was assigned on the basis of the reactlon by which

it was prepared and the enslytical data.
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COgH

0, H KOH $n
aqueous
I@: C= O+ o, ethanol @( D

Pollack and Riesz60’61

preparec a tetranltrodiphenoxa-
thiin and two polynltrophenoxathiin dlsulfides by heating
dipiceryl derivatives of dithlolphenols in ethanolic potaseium
hydroxide., The 1dentity of each of the products wae based
on the analytical data.

The compound prepared from the diplcryl derlvative of
4,6-dithlolresorcinol was assloned the structure illustrated

below.60

NOp NO,
S S

O,N o 0 NO,

1,3,1',3'-Tetranitrophenoxathiin-8,8'~disulride, & com-
pound which decomposes explosively on heating, was prepared

from the dipicryl derivative of 2,4-d1thiolphenol.6l

60y, sollack and E. Rlesz, Monateh., 50, 251 (1928),
617, pPollack and E. Riesz, 1bid,, 53 & 54, 90 (1929).
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NO, S::I:::::r,S'—‘S S::[:fff]
Qw[::::]::o \I::::]::o NO

4 dark red compound, 1,3,1',3'-tetranitro-7,7!'-dimethyl-
nhenoxathiin-8,8¢-dieulfide, was obtained from the dipicryl

derivative of 2,b-dithiol—s-methylphsnol.60

NO NO
2 s §—s 3 2
%N@[t)m3 °@o j@no

Katscher and Lehr®? prepared 1,3,1',3'-tetranitro-7,9,
71,9'~tetramethylphenoxathiin-8,8'-dlsgulfide, m.n. 255-257°,
by heating picryl chloride with 2,4-dithiol-3, 5~-dimethyl-

phenol in ethanollic potassium hydroxide solution.

NO,
C1 "S s KOH in
ethanol
0).” NOz “ CH3 CN3

625, Katecher and H. Lehr, ibid., 64, 236 (1934).
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1 carried out the conden-

When Pollack, Riesz and Rieaz3
gation of 2,4-dithlol-6-methylphenol with chloranil there
resulted a brown eolid which decomposed at 250° without
melting. This material, the constitution of which wae hased
only upon the analytical data, wae called 1,4-diketo-2-
chloro-3-(3'-methyl-4'~hydroxy-5'-thliolphenyl)thiol-6-

methyl-8-thiolphenoxathiin.

0
HS warm H
©8H + ¢ “ ethanol s©i
OH () 1
CHyg 0

Several phenoxsthlin derivatives have been prepared
Tfrom 2-hydroxydiphenyl sulfldes or sulfoxides by intramoclecu-
lar ring closure reactlons. Hilditch and Sm11e563 prepared
2,8~dimethylphenoxathiin (IV) by allowing 2,2'-dihydroxy-5,5'-
dimethyldiphenyl sulfoxide to stand in contact with cold,
concentrated sulfuric acid for several hours. The mixture
containing 2,8-dimethylphencxathiin and the 10-oxide ylelded
pure 2,8-dimethylphenoxsthiin, m.p. 740, after reduction

with zinc in glacial acetic acld. In a subsequent

637, P. Kilditch and S. Smiles, J, Chem. Soc., 40
(1911).
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_mu;-erslL these workere showed that the ring closure reaction
wae not a simple dehydration. Yhen the cold reaction mixture
conslating of the sulfoxide and sulfuric acid was sllowed to
etand only a few minutes, and then poured into ice, there
were obtalned orange leaflets, m.p. 105-110°., This rather
unstable compound, isomeric with the starting material, was
called 2,8-dimethylphenothioxonium hydroxide. The structure
which hae been proposed is shown by compound V, 2,8-Dimethyl-
phenothioxonium hydroxide was reduced to 2,8-dimethylphenoxa-
thiin by treatment with zinc in cold gleclal acetic acid.

0
4
c"s S CHz conc. H2504
several hours v .3
> + IV -410-oxide
oM O IV-10

1, conc, Ha504

In, HOAC

2, lce

OH
C“s@[s i@c“ Zn, HOAC

0

OH
1'4 1Y
6l

T. P. Hi1lditch and S. Smiles, ibid., 973 (1911).



37
7 |

Tomitab5 prapared 2,8-dimethylphenoxathiin from 4,41~
dimethyldiphenyl ether by the Ferrario reaction. Thie later
worker reported the melting point as 73-7#0.

Hilditch and Smiles63 obtained pure 2,8-dichlorophenoxa-
thiin-10-oxide, m.p. 168°, by treating 2,2'-dihydroxy-5,5'-
dichlorodiphenyl sulfoxide with cold, concentrated sulfurlec
acid. As 1In the case of the dimethyl derivative, an orange
phenothioxonium hydroxide was 1eolated.6b The 2,8-dichloro-
phenothloxonium hydroxide melted st 142-1450. When & cold
gsolution of this hydroxide wae poured into water, the 10-
oxide, m.n. 1660, was formed. However, when the ieolated
hydroxide was dlsgolved in glaclal acetlc acld and the solu-
tion refluxed one-half hour, 2,8-dichlorophenoxathiin, m.p.
135°, was the product. This lasgt compound was also prepared
by reduction of 2,8-dichlorophenoxathiin-l"-oxide with zinc

and acetic aclid, The method of Hilditch and Smiless3

wae

0
used by IrieS who reported that 2,8-dichlorophenoxathiin
melted at 1370.

58
Stevenson and Smiles prepared one of the most 1lm-

portant of the phenoxathlin derivatives when they carrlied out
the ring closure of 2,5,5'-tribromo-2!'-hydroxydiphenyl

sulfide.

65y, Tomita, J. Pharm, Soc, Japan, 58, 510 (in German,
136) (1938) [C. A., 32, 7467 (1 193805 Chem. Zentr., 110, 1,
3892 (1938)1].
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The product, 2,8-dibromophenoxathliin, 1ls the reference com-
pound upon which are based the structural assignments of
many substitution products of phenoxathiin. The gynthesis
of the diphenyl sulfide began, for all practical purpoees,
with the preparation of 2,5-dibromobenzenesulfenyl chloride
from bie-(2, 5-dibromophenyl)disulride and chlorine, The
sulfenyl chloride was not 1aolated; but was allowed to react
with p-bromophenol in carbon tetrachloride solution for 2
days. From the mixture there was obtailned 2,5,5'-tribromo-
2'-hydroxydiphenyl sulfide as a viscous o0il which was
characterized by conversion to the methyl ether (VI), m.p.
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142°. The structure of the methyl ether wag not proved.
An ethanolic solution contalning the impure 2,5,5'-tribromo-
2'-hydroxydiphenyl sulfide and one equivalent of sodium
ethoxide was sllowed to evaporate and the resulting sodium
salt wae dried under reduced pressure., Cyclization was ef-
fected when the salt was heated with cupric sulfate. Fol-
lowing crystallization of the sublimate from alcohol pure
2,8-dibromophenoxathiin, m.p. 92°, was obtained,
3,7-Dinitrophenoxathiin, m.p. 204-2050, wae prepared in
81% yield when the potassium salt of 2-hydroxy-2'-iodo-4,4'-
dinitrodiphenyl sulfide was heated with copper powder.66 It

1s unfortunste that Amstutz66 did not reduce the 3,7-dinitro-

S~ OO0

phenoxathiin to 3,7-dleminophenoxathiin eince thile latter
compound had been prepared by Irie.5° There should be 1little
doubt as to the identity of Ametutz's product, though the
posslbllity existe that Irie's diamine, prepared by the

66g. ». Ametutz, J, Am. Chem. Soc., 72, 3420 (1950).



4o

reactions 1llustrated below, may have been the 1,7- or
l1,9-derivative.

The ring closure reaction which Irie used to obtain the
precursor to 3,7-dlaminophenoxathlin belonge, as far as type
of reasction 1s concerned, in the clase with the Ferrario re-
action, However, 1t 1is described here since it was the only
reaction reported, other than that of Amstutz, which ylelded
& 3,7-phenoxathiin derivative., The aluminum chloride-
catalyzed reaction between 3,3'-diacetamidodiphenyl ether
and thionyl chloride ylelded a mixture of 3,7-diacetamido-
phenoxathiin and ite 10-o0xide., After the mixture was treated
with hydrogen bromide in glsesclel acetic acid, the pure 3,7-
diacetamidophenoxathiin, m.p. 289-290°, was obtalned. The
corresponding dlamine melted at 16‘»'?'--168".5o

sy ¢ CIH AlCl
+ 8S0C1 —3
Cn 0 NSy 2 Y1l +VII-10-oxide
H H

HBr In
HOAc

1, HC1
0L 7 OO0
Y1l
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Irie50 believed that ring closure occurred through the
6,6'-positions, para to the acetamido groups. Ring closure
trrough the 2,6'« or the 2,2'-positions in 3,3'-~-diacetamldo-
diphenyl ether would yleld 1,7- or 1,9-dlacetamidophenoxa-
thiin, respectively. These last two poesibllitlies cannot be
completely disregarded.

H i g H, _C
JoSolNeSe
L
G N o 0

Seversal substituted diphenyl ethers containing the

sulfinie acid group in the 2-vosition have been converted

to phenoxethiin derivatives upon treatment with dehydrating
agents. The method was first applied when Krishna67 added
concentrated sulfuric acid to a suspension of 2-sulfino-4-
nitrodiphenyl ether in acetic anhydride and obtained & mix-
ture of 2-nitrophenoxathiin (VIII) and its 10-oxide. Follow-
ing treatment of the mixture with hydrobromic acld there was

675. krichna, J. Chem. Soc., 2782 (1923).
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isolated a product, m.p. 1400, which wag reported as 2-

nitrophenoxathiin, Irie5o repeated the preparation and ob-
o

served that the compound melted at 160 . After oxidation

to the 10-dioxide, Krishna's compound melted at 205-206067,

while that of Irle melted at 196.5.50

The lower melting
point 1g closer to the 192-194° which Nobis, Blardinelli and
Blaney52 reported for 2-nitrophenoxathiin-10-dioxide prepared
by nitration of phenoxathiin-10-dioxide with fuming nitric
acld. Irle carried out the reduction of 2-nitrophenoxathiin
t0 Z2-aminophenoxathiin, m.p. 980.50 Nobis and co-workera52,
who prepared the amine by the Beckmann rearrangement of 2-

acetylphenoxathiin oxime, reported the melting point as 93-
o

95 .
HO,S NO2 Ac20
H2S0¢ o y111 + VIII-10-0xide
0
HBr in
HOAc
S NH, § NO.
SnCly+ HC1
-
0 0
YIII
o)
00

0’0
LI
S S NO2
fuming HNO3
S
0 0
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IrieSo

prepared 2,8-dinitrophenoxathiin, m.p. 1#30,

from 2-sulfino-4,4'-dinitrodiphenyl ether (see equations
below) by employing the procedure described above for the
preparation of the mononitro compound. When 2,8-dinitro-
phenoxathiin was reduced there resulted an smine, m.p. 118°,
which wags expected to be 2,8-dlaminophenoxathiin, Nobls and
co-workerssz reported that thls amine melted at 171-1730.
Irie carried out the oxidation of 2,8-dinitrophenoxathiin

and showed that the 10-dloxide wae identical with 2,8-
dinitrophenoxathiin-10-dloxide, m.p. 276—2?80, obtained by
nitration of phenoxathiin-l0-dioxide. Nobls and co-workers52
repeated this last reactlion and observed that 2,8-dinitro-
phenoxathiin-10-dioxide melted at 283-286°., The melting
points of 239-2400 and zhb-2b7.5° were reported by Irle50

52

and by Nobls end co-workers”“, regpectively, for 2,8«

dlaminophenoxathiin-10-dloxide.

HO,$ "’sm NO
Cr03
in HOAcC

q 0

0 o
% %2 o
fuming ON S NO2  gp WM S NH
HNQz HC1
0 0 0
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It 1s evident that one of the two dlamines deelgnated
as 2,8-diaminophenoxathiin, either the one melting st 118°
or that melting at 171—1730, is another compound. The latter
melting point appears more logical upon consideration that
the structurally similar 3,?-diaminophenoxathiin66 melts at
167-168°. The poseibllity that the dinitro compound, m.p.
1430, of Ir1e50 could be reduced to the diamine, m.p. 171-
1?30, of Nobiss2 is8 quite remote in view of the fact that
the melting point of each of the other mono- and dinitro-
phenoxathiins was higher than that of the corresponding mono-
and dlamines. It appears strenge that 2,8-dinitrophenoxathiin
should melt at 1@30, whereas 2-nitrophenoxathiin melts at
160° and 1,3-°° and 3,7-dinitrophenoxathiin®® melt at 187°
and 204-205°, respectively. However, 1t is unlikely that
any compound other than 2,8-dinitrophenoxathiin or its 10-
oxide could be oxidized to 2,8-dinitrophenoxathiin-10-dioxide,
a derlvative with a well-established structure. Further dls-
cuselon of this controversy occurs in the section dealing
with the Friedel-Crafte acetylation of phenoxathiin. In this
section 1s described the preparation of 2,8-diacetylnhenoxa-~
thiin, a compound which is & precursor for the amine melting
at 171-173°,

Two workers, Kriehna®? and then Irieso, reported the

preparation of 2-chloro-8-nitrophenoxathiin from
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2-sulfino-4-nitro-4'-chlorodiphenyl ether and ecetic an-
hydride., KXrishna's product melted at 128-129° while that

of Irie, prepared according to the method of Krishna, melted
at 1950. The compound melting at 128—129° wag oxldized to
the 10-dloxide, m.p. 183-185°,

2-Methyl-8-nitrophenoxathiin was prepared from 2-
sulfino-4-nitro-4'-methyldiphenyl ether by Krishnas?, who
reported that the product melted at 156°, and by Irie>°, who
reported the melting point as 1600. Of the seversl prepara-
tions of phenoxathiin derivatives from sulfinodiphenyl
ethere, this 1s the only one which has ylelded apparently
the same product to two different workers.

Irie50 prepared 2-methoxy-8-nitrophenoxathiin, m.p. ca.
300°, by the ring closure resction of 2-gulfino-4-nitro-4!'-
methoxydiphenyllether with acetic anhydride and concentrated
sulfuric acid, 2-Amino-8-methoxyphenoxathiin, prepared by
reduction of the nitro compound, melted at 2770.50 These
" two melting points appear extremely high., It 1s strange
that the 1introduction of a methoxy group into a nitro- or
an amino-phenoxathiin should have such an effect upon the
melting point.

Two phenoxathiin~l0-dloxlde derivatives were obtalned
a8 side producte from rearrangement reactions of hydroxy-

68

gsulfonee, Kent and Smiles reported that 2-chlorophenoxa-
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thiin-10-dioxide was formed along with the expecté@ product,
2-sulfino~-4-~-chloro-2'-nitrodiphenyl ether, when 2-hydroxy-
5-chloro-2'-nitrodiphenyl eulfone was warmed with aqueous
gsodium hydroxide. Neither the melting point nor the anslysis

of the 10-dioxide was reported.

o'tsjo o\ :vo
HO,$
—— ——

When Kent and Sm11e868

carrled out the rearrangement

of 2-hydroxy-5-methyl-2'-nitro-4‘'-chlorodiphenyl sulfone they
obtained 2-sulfino-b-methyl-2'-nitro-4'-chlorodiphenyl ether,
the formuls of which was shown incorrectly ae IX in the
article, and & phenoxathlin derivative which melted at 1730.
The compound wae named 3-chloro-8-methoxyphenoxathiin-10-
dloxide and the structure 1llustrated by X wae shown. The
"methoxy" was undoubtedly & typograpnhicasl error and the

placement of the chlorine in the 3-vosition was a continua-

tion of the error in IX. The phenoxathiin derivstive was

685, A. Kent and S. Smiles, J, Chem, Soc., 422 (1934).
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obtained when the solution of the sodium sulfinate was heated
longer than necessary to csuse rearrangement of the sulfone
to take place, It was believed to have formed as & result of
an intramclecular reaction between the nitro and the sodium
sulfinate groups. Though not so named, the compound which
melted at 1?3° wags probably 2-chloro-8-methylphenoxathiin-

10-dioxide.

A aqueous 302"3 aqueous 02
OH 0N 0
0,
3t 6 a

IX X

68 belleved

There was no indlication that Kent and Smiles
that X wae formed directly from 2-hydroxy-5-methyl-2'-nitro-
4'-chlorodiphenyl sulfone. The ring closure would involve
elimination of sodium nitrite between the nitro group and the

gsodium salt of the phenol, A similar reaction was cdescribed
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earlier in conmnection with the proof of the structure of
1l,3-dinitrophenoxathiin and with Stevenson and Smilea58
work with the S-pleryl derivative of 2-acetyloxy-l-thiol-
naphthalene,

Suter, McKenzie and Maxw91135 prepared 2,8-dibromo-
phenoxathiin-10-dioxide, m.p. 183~1860, by treatment of a
golution of 2-(4-bromophenoxy)-S5-bromobenzesulfonyl chloride
(XI) in gym.-tetrachloroethane with aluminum chloride.

Since the structure of XI was based upon the reactions by
which XI was prepared, those reactions are described below.
An attempt to prepare XI by the reaction of b,h'-3dibromodi-
rhenyl ether with excess chlorosulfonic acid wag unsuccess-
ful. The product was a disulfonyl chloride which probably
had the structure illustrated by XII, The reaction of 4,4'-
dibromodiphenyl ether with one equivalent of chlorosulfonic
acid yielded a benzenesulfonic acid which was not 1solated,
but was converted to the sodium salt. A quantitative
analysis for sodium was performed on the salt, 2-(4-
Bromophenoxy)-5-bromobenzenesulfonyl chloride was formed
when the salt was reflﬁxed with excess phosphorus oxy-

chloride.
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The reaction between substituted diphenyl ethers, sulfur
and aluminum chlorlide, called the Ferrario resction, has been
employed for the prepsration of chloro- and aslkyl-substituted
phenoxathiine. The first compound of this type was prepared

57 obtained 2-methylphenoxathiin from the re-

when Ackermann
action of U-methyldiphenyl ether with sulfur and sluminum
chloride. The melting point of the product, 36%, 1s in agree-
ment with the 38—390 which Suter and (}x-eerxy+ obeerved after
repeating the preparation. BSuter and Greenau prepared U4-
methylphenoxathiin, & liquid, and a methyl derivative which
melted at 83-8’4o from 2- and from 3-methyldiphenyl ether,

regpectively. There was the poesibility that the meta-
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substituted ether ylelded either 1- or 3-methylphenoxathiin,
depending upon whether ring closure occurred grtho or pare,
respectively, to the methyl group. The investigators be-
lieved that the latter possiblillity was the more likely and
gugzested that the compound which melted at 83-814o was
3-methylphenoxathiin.

Mentioned earlier wac the preparetion of 2,8-dimethyl-
65

phenoxathiin by the Ferrario reaction and by the ring

clogure of 2,2'-dihydroxy-5,5'-dimethyldiphenyl sulfone.63
Tomita prepared 2,8-dlethylphenoxathiin, a liquid, from
L,ht-dsethyldiphenyl ether.65

57

Ackermann carried out the Ferrario reaction on 4-

chlorodiphenyl ether and reported that the product, m.p. 370.
wae 2-chlorophenoxathiin., However, when Suter and GreenBu
repeated the reaction, these workere obtained a compound

50

whieh, according to lsaster work by Irie””, 1le 2-chlorophenoxa-

thiin. The melting point, 88—890, of the product of Buter
and Green was slso obgerved by Iriejo. who prepared 2-
chlorophenoxathiin from 2-aminophenoxathiin.

The product from the Ferrarlio reaction of 3-chlorodi-
phenyl ether weap designated as 3-chlorophenoxathiin by Suter
34

and Creen, However, the same situation exiets as in the
cege of the reaction of 3-methyldiphenyl ether. If a chloro-

vhenoxathiin was the product, it may have been either the
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O e 22 Q- QL0

1- or the 3- derivative, The question ag to whether a
chlorophenoxethiin was 1solated hse arisen for two ressons.
First, there was no rigorous evidence that the compound
melting at 59—600 wgs & pure chlorophenoxathiin., Second,
there have been reported, in addition to the chlorophenoxa-

thiin, m.p. 370, of Ackermanns?

, Tive compounds designated
as chlorophennxatpiins. fince there are only four different
posltions in phenoxathiin, it 1e logicel thst one of the
five compounde 1s not & chlorophenoxathliin, The 1-, m.n.
?8-80°50. the 2-, m.p. 88—89034’50, end the b-chlorophenoxa-

thiin, a 11(;111&1%P

» have been prepared by unembiguous syn-
theses. A fourth chlorophenoxathiin, m.p. 78-79050, 81—82034,
the product of chlorination, haes been obtained by two workers
and shown to be different from the 1—50, 2—34'50 and u_jh,SO
isomers. Elther thie chlorination preoduct or the material,
m.p. 59—600, which has been prepered only one time and then

by an ambiguocus reaction, is 3-chlorophenoxathiin,
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Suter and coworkersBu'BS

made numerous attempts to
prepare 2-bromophenoxathiin from 4-bromodiphenyl ether,
gulfur and aluminum chloride. The reaction was violent at
100° and the product was & mixture with an indefinlite melt-
ing vpoint from which no pure compound was 1solated.3“ Suter

34

and Green- reported that 2-methoxydiphenyl ether gave no
evidence of undergoing the Ferrarlo reaction at 100°, but
suggested that 3-methoxydiphenyl ether would probably react.
The Ferrario reaction did not take place when Gilmen, Van
Ese, Willis and Stuckwischju heated a mixture of 2-carboxy-
diphenyl ether, sulfur and aluminum chloride for 4 hours at

120-140°,
Oxldetion Reactlones

The oxidations of phenoxathiin to phenoxathiin-10-oxide
end to phenoxethiin-10-dioxlide were discussed in the sections
dealing with the preparation of these two oxidatlon producte.

In severel cases the reagent which effected the oxidation
of phenoxathliin to the 10-dioxide was also used to prepare
the 10-oxide. This latter comnound wae the principal product
when the same oxldizing agent was employed eithér in smaller

ampounts, at a lower temperature, or in a different solvent.
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Several oxidizing sgents convert derivatives of phenoxa-
thiin to the corresponding l0-oxides. However, since rela-
tively few 10-oxides have been prepared, no one of the
reagente has been used extensively, The 1l0-oxides of _-cyclo-

hexylphenoxathiinsg, 1,3—d1nitrophenoxath11n30

39

, and l-nitro-

3-phenoxathiincarboxylic acild were prepared by oxidation

with dilute nitric acid. Hydrogen peroxide in glacial acetic
acld oxidized 1,3-diacetamidophenoxath11n50 and 2,8-dimethyl-

phenoxath11n63

to the respective 10-oxides.

Nobis, Blardinelll and Bla.ney52 added an aqueous eolution
of sodium hypochlorite to 2-acetamlidophenoxathiin in glacieal
acetic z2cid and obtalned a mixture of 2~acetamidophenoxathiin-
10-oxide and 10-dioxide. Though only the 10-oxide derivative
wae isolated, the workers52 had expected the 10-dloxide to
be the major product since the reaction was carried out under
the conditions which Gilman and Nobis7o had employed to
oxidize 2,8-dlacetamidodibenzothiophene to the S-dloxide.
However, 1t cannot be concluded from this one reaction that

dilbenzothiophene 1s more readily oxldized to the dloxide than

18 phenoxathiin., Thie one experiment ie certainly not the

59F. B. Smith and H. W. Moll, U. S. Patent 2,273,905
(1942) [C. A., 36, 3807 (1942)].

(104 :OH. Gilman snd J. F. Noble, J. Am. Chem. Soc., 71, 274
1949),
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basis of a genérel comparison of the relative ease of oxlda-
tion of the two heterocycles., After an extensive study of
the oxidafion of dibenzothlophene and phenoxathiin by hydro-
gen peroxide, Gilman and Eemay51 stated that "the oxidation
of phenoxathiin to elther the monoxide or the dioxide pro-
ceeds more readily than does the corresponding oxidation of
dibenzothiophene. "

The conversion of phenoxathiin derivatives to the 10-
oxlides is often a side reaction which must be consldered when
carrying out reactione involving the use of halogens or mild
oxidizing agents. Mentioned earlier was the observation that
10,10-dichlorophenoxathiin, formed by the action of chlorine
on phenoxathiin in benzene, was hydrolyzed to phenoxathiin-
10-oxlde upon exposure to the atmosphere.So

Sodium hypohslite, & rescent which is used in the
Fofmann reaction and in the oxidation of methyl ketones to
carboxylic acids, has been shown to oxidige varlous sulfides
to sulfoxides and eulfones.71 However, 4-aminodibenzothlo-
phene wee prepared in 48% yleld from U-acetamidodibenzothlo-

51

rhene by way of the Hofmann reaction. Thus some sulfldes
are not oxidized to a great extent under the conditions of

the Hofmann reaction., The relatively high concentration of

"1,, E, Wood and E. G. Travis, J. Am. Chem, Soc,, 50,
1226 (1928).
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alkall used in this reaction msy inhiblit oxidation of some
sulfldes, Wood and Trav1371 showed that oxldation of di-
phenyl sulfide in aqueous medla occurred more rapldly at low
sodium hydroxide concentrations. These reactions were
carried out at temperaturee less than 27° however, wheresas
higher temperatures are employed in the rearrangement
reaction,

The Hofmann reaction carried out on 4-~henoxathiin-
carboxylic acid amide ylelded a product, m.p. 223-225°, with
decompoeition, which wae designated as 4-aminophenoxathiin

Sk 51

hydrochloride, It was shown later by Gllman and Esmay” ,
after a recalculation of the theoretical percentage of
nitrogen, that the percentage nitrogen found by analysels
agreed more closely with that for L~aminophenoxathiin-l0-
oxlde hydrochloride., This analysis cannot be accepted ae
conclusive proof that the 10-oxide was formed, however,
Apparently the same amine hydrochloride wae obtained from

the reaction of 4-phenoxathiinyllithium with O-methylhydroxyl-
amine.5“ The conditione in thile reaction are not ususally
considered es oxldizing. The amine weas a liquid which was
distilled at 209°/5 mm. It is the bellef of this writer that
L-aminophenoxathiin-l0-o0xide would be a solid which could

be distilled only with grest difficulty. The hydrochloride

)
of the liquid amine melted at 223-224 , with decomposition.
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The melting point of a mixture of the amine hydrochlorides
prepared by the two methods was not taken,

A large excess of hydrozen peroxide in hot glacial
acetic acld oxidlzes phenoxathiin and its derivatives to
the corresponding 1O~-dioxides.3u’35’51‘5u’59’66 Eauthner39,

67 and Irieso

Krishna carried out the preparsation of geveral
10-dloxides by employing chromic =cld in acetlc acld as the
oxidizing agent. Krishna67 employed concentrated nitric
acld in sascetic acid to oxidlze 2-nitrophenoxathiin, m.p.
140°, to the 10-dioxide, m.p. 205-206°. Irie's 2-nitrophen-
oxathiin, m.vp. 160°, ylelded 2-nitrophenoxathiin-10-dioxide,
B.Do 1960, upon oxidation with chromic acid.so

Hilditch and Smilea63 added the theoretical quantity
of potaselum permanganate to s cold acetlc acid solution of
2,8-dichlorophenoxathiin-10-oxide, m.n. 168°, and obtained
the 10-dioxide, m.p. 1960. The same reagent was used to
oxidize 2,8-dimethylphenoxathiin to the 1O—diox1de.59

The oxidatlion of 2,8-dimethylphenoxathiin by alkaline
potaselum permanganate ylelded 2,8-phenoxsthiindicarboxylic
acld-10-dloxide, m.p. greater than 3000, snd a materlal, m.p.
270°, which may have been 2,8-phenoxathiindicarboxylic acid-
10-oxide.65 This latter compound maey have contalned some

unoxidized material sgince the percentages of carbon and

hydrogen found by analysis were greater than the theoretical
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values for 2,8-phenoxathiindicarboxylic acid-10-oxide. The
higher melting acid was also obtained by the haloform oxilda-
tion of 2,8-diecetyl- and 2,8-bls-(A -chloroacetyl )phenoxa-
th11n.85 Gilman, Ven Ees, Willls and Stuckwisch®@ heated
an aqueous mixture coneisting of 4-methylphenoxathiin-10-
dloxide and alkeline potassium permangsnate for 48 hours,
but obtained no acid.

Zuter, McKenzie and Maxwell35 carried out the haloform
oxidation of 2-acetylphenoxathiin according to the following
procedure., "Flve grams of 2-acetylphenoxethiin and 25 grams
of bleaching powder were mixed with 200 cc. of dilute sodium
hydroxide and the whole heated on the steam bath for 5
houra.“35 The authors designated the product, m.». 259-260°,
ag 2-phenoxathiincarboxylic acid., The only analytical datum
reported wae a neutrelization equivalent of 239 as compared
with the theoretical value of 244, 1In view of the extreme
ease of converslion of phenoxathlin to the oxlde by elther
chlorination followed by hydrolysis or by hypohalite oxlda-
tion, 1t appears strange that neither the 10-oxide or 10-
dloxlde was 1isolated. When Iriejo repeated the reaction
using the procedure zs stated above the product was 2-phen-
oxathiincarboxylic acld 10-dioxide, m.p. 268-269°. The
following analyticel data were reported for the compound.

Calcd., for ClBHBOSS: C, 56.50; H, 2.92. Found: C, 56.32;
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H, 3.11. The theoretical percentages of carbon and hydrogen

for the unoxidized acid are 63.92 and 3.30, respectively.
The azbove experimental procedure of Suter, McKenzle

and Maxwe1135 was employed by Tom1t365 in the previously

mentioned oxidation of 2,8-diacetylphenoxathiin to 2,8-

phenoxathiindicarboxylic acid 10-dloxide,.
Reduction Reactlons

In Ferrario's only article concerned with phenoxathiin
there is the statement that phenoxathiin adds two atome of
hydrogen upon reduction.55 No detslls of the reaction were
provided, however. There hess been no report of an attempt
to reduce phenoxathiin to a derivative such as 1,4-dihydro-
phenoxethiin in which the tricyclic ring system remains
intact,

The sulfoxlde group in phenoxathiin-10-oxlde and ite
derivetives 1e reduced by mild reducing agents. This con-
version wasg first reported by Hilditch and Sm116863 who
employed zinc and acetic acid to reduce 2,8-dimethyl- and
2,8-dichlorophenoxathiin-10-oxide to the corresponding

phenoxathiin derivatives. Drew53

later reported the reduc-
tion of phenoxathiin-10-o0xlde by zinc and acetic acid and

by a mixture of hydrochloric and acetic acids. Partial
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chlorination was sald to have occurred in this latter reac-
tion. Xrishna®’ and Ir1e50 carried out the reduction of
seversl derivatives of phenoxathiin-l0-oxide with hydrobromic
&cld in acetlic scid, but reported no bromination products.
Chlorination accompanied reduction when Irfle:;0 added conoen-
trated hydrochloric acld to a esolution of phenoxathiin-10-
oxlde in concentrated sulfuric acid., The chlorophenoxathiin
wag the same one obtained by direct chlorination in benzene,
Drew53 showed that the reactlion of phenoxathiin-l10-oxide with
concentrated sulfurlic acid produced phenoxathiin aes one of
the products.

Reduction of the sulfoxide group accompanies metalation

?2, thianthrene-5—ox1de73 and

when dibenzothliophene-5-oxide
phenoxathiin-10-oxide>’ are trested with n-butyllithium at
low temperatures. It has been postulated that metalation
precedes reduction or that both processes occur almost
eimultaneously.59'?2

Irieso reported that phenoxathiin-10-dioxide was very
resistant to reducing sgents and that unsuccessful attempts

were made to reduce it to phenoxathiin or to the 10-oxide,

( TZH. G1lman and D. L. Esmay, J. Ar. Chem. Soc., 74, 206
1952).

73H, G1lman end D. R. Swayampati, ibid., 77, 3387
(1955).
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The 10-dioxide wae not affected when heated with sulfur,

aend ring scission occurred when 1t was heated with hydrazine
hydrate.

There may be several reasone why the above article5o
contains the only mention of the reduction of the 1l0-dloxide.
It may be that workers have attempted the reduction and ob-
served elther no reaction or cleavaze of the heterocycle.
Too, the reduction would be of no grest preperative value
unless & useful derivative of the 10-dioxide were much more
avallable than the corresponding reduction product. The
releted heterocyocle, dibenzothiophene-5-dioxide, was reduced
to dibenzothlophene in 74% yield by lithium aluminum hydrlde.7u
However, the results of reductlions of other heterocyclic
sulfones74 suggested that the reduction of dibenzothlophene-
5-dioxide may not be a model reaction for phenoxathiin-10-
dloxide. Thiacyclohexane-l-dioxide and 2,3-dihydro-l,4-
benzothlapyran-l-dioxide were not reduced when trested with
lithium aluminum hydride under the conditions used for re-
duction of dibenzothlophene-5-dioxide. Bordwell and
McKellin7u stated that the reduction of six-membered ring
sulfones sppeared to be roughly one hundred times slower

than that of five-membered ring sulfones.

74

( ) F. G. Bordwell ani W. H, McKellin, ibid., 73, 2251
1951).
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Substitution Reactlons

Halocenation reections

The first successful halogenation of phenoxathiin was
reported by Suter, McKenzie and MaxwellBs, who prepared a
mono~ and a dibromophenoxathiin by direct bromination. The
reactlion wae carrled out by adding bromine to s stirred
solution of phenoxathiin in carbon tetrachloride. When one
molar equlvalent of bromine wse employed & monobromophenoxa-
thiin, m.p. 59-60°, was obtained in 83% yleld. A dlbromo-
phenoxathiin, m.p. 92-93°, was prepared in 75% yield when
two molar equlvalente of bromine were ueed. Both bromination
products were crystalllzed from methanol. No experimental
deteile such as the use of a bromination cetalyst, time and
temperature of reaction or any precautions to exclude mois-
ture were provided, The dlbromophenoxathiin was oxidized to
the 10-dioxide, m.p. 185-186°, whilch showed no depreesion 1n
melting point when mixed with a sample of 2,8-dibromoplenoxa-
thiin-10-dioxide, m.p. 183-1860, prepared by the ring closure*

of 2-(4-bromophenoxy)-5-bromobenzenesulfonyl chloride.

#See the equations and description of the synthegis in
the latter part of the section on Ring closure reactions.
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An alternative proof of the structure of the dibromina-
tion product would have involved a mixed melting point deter-
mination with a sample of 2,8-dibromophencxathiin, m.p. 92°,
which Stevenson and Smiles58 had prepared by ring closure
only 5 yeers earlier. However, the reader is given the im-
pression that Suter, McKenzle and Haxwe1135 became aware of
the other prepsretion only after proving the structure of
2,8-dibromophenoxethiin by way of the 10-dioxide, The fol-
lowing 1e¢ the only reference to the work of the other authors.35

It hae Just recently come to our attention that

this substance has aleo been prepared by

Stevenson and Smiles, J. Chem., Soc., 718 (1931),

who obtained it from 2,5,5'-tribromo-2'-

hydroxydiphenyl sulfide. In their system of

nomenclature it ie deeignated ae 2,8-dibromo-
dibenzothioxine,
Suter and coworker535 used the name 3,6-dlbromophenoxthin.

58

The compound of Stevenson and Smlles was lieted as shown

below in the Chemical Abstracts Subject Index for the year

1931, It ie surprising thet Suter and coworkera35 did not

"henotrioxin (dibenzothlioxine, phenoxthine)

3,6—d1bromo-33388
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call attention to the fact that the dibromination product
melted at the same tempersture ze the 2,8-dibromophenoxa-
thiin of Stevenson and Sm11e5.58

The position of the bromine in the bromophenoxathiin,
m.p. 59-60°. was designated as 2-,pars to the oxygen, due
to the fact that the dibromination product was 2,8-dibromo-
phenoxathiin, The conversion of 2-bromophenoxathiin to
2,8-dibromophenoxathiin by bromination with one equivalent
of bromine was not carried out.

The bromination of phenoxathlin was repeated by Gilman,
Van Ees, ¥1llis and Stuckwisch>®, who obtained an 88% yield
of 2-bromophenoxathiin, m.p. 58—590. The experimentsl pro-
cedure employed was that of Suter and coworker335 and no
additional detalls were provided.

The product 1solated from the firet reported chlorina-
. tion of phenoxathliin was a monochlorophenoxathiin, m.p. 81~
820, which wae subsecquently oxidized to the 10-dloxlde, m.p.
178-1790.34 Neither experimental details nor analytical
results were reported. The product wzs presumed to be 1l-
chlorophenoxathiin since it was different from each of the
three compounds designated as 2-, 3- and 4-chlorophenoxathiin.
2-Chloro-~-, m.p. 88-890, and Y4-chlorophenoxathiin, a liquigd,
were prepared from 4-chloro- and 2-chlorodiphenyl ether,

‘ o
respectively.34 The materlsl, m.p. 59-60 , which was
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obtained from the Ferrario reaction on 3-chlorodiphenyl
ether, was assumed to be 3-chlorophenoxathliln.
The melting point of the 2-1gomer has since been con-

50

firmed by Irle” , who prepered 2-chlorophenoxathiin from

50

3-aminonhenoxathiin. This worker also prepared l-chloro-
phenoxathiin, m.p. 78-80°, by decarboxylation of l-chloro-
3-phenoxathiincarboxylic acid. Thue far it would appear
that the chlorophenoxathiin, m.p. 81-820, of Suter and Green

50 chlorinated phenoxa-

wag the l-derivative. However, Irie
thiin in cold, dry benzene and obtained a chlorophenoxathiin,
BeDe 78-79°, and & dichlorophenoxathiin, m.p. 166-1670,

whilch were subsequently oxidized to the 10-dioxides, m.p.
172—174o and 208-2100, regpectively, The chiorcrhenoxathiin
obtained by chlorination was shown to be different from 1l-
and 2-chlorophenoxathiin by mixed melting point determina-
thns. Since the chlorination product ig not the l-, 2-,

or 4-chloro-phenoxathliin, (the last nsmed is a liquid) it

is logicelly concluded by thie writer to be 3-chloronhenoxe-
thiin, Though Suter and GreenBu had assumed that the com-
pound which melted at 59-60° was 3-chlorophenoxathiin, the
avallable evidence favore the compound melting at ?8-79O

*)

(IrieSo) or 81-82° (Suter and Green’'). IrieS50 prepared

2,8-dichlorophenoxathiin, m.p. 137°, according to the method

63

of Hilditch and Smiles in order to prove that the
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dichlorophenoxathiin, m.p. 166-1670, wag not the 2,8-isomer.
Irie did not report & mixed melting point determination in-
volving 2,8-dichlorophenoxathiin-10-oxide, m.p. 168903, ang
the dichlorophenoxathiin, However, the analytical data
found for the dichlorinstion product agrees well with the
theoretical values for the unoxidized dichloro compound.

There hsae been no report of an attempted iodination of
phenoxathiin, 'However, three lodophenoxathiins have been
syntheeized by Nobis and Burske.75 L4-Iodophenoxathiin, m.D.
hz.s—&ao, weg prepared by adding lodine to 4-phenoxathiinyl-
1ithium, whereas 2-iodophenoxathiin, m.p. 92-94°, end 3-
fodophenoxathiin, m.p. 70-72°, were obtained in ylelds of
10% and 15%, respectively, from the reaction of potassium
iodide with the corresponding dlazotlized aminophenoxathiin,
The workere reported that the dlaszotizatlion reactions were
attended by considerable difficulty.

No direct halogenation of either phenoxathlin-10-oxide
or 10-dioxide has been reported. The reaction of phenoxs-
thiin-10-o0xide in sulfuric acid with hydrochloric acidSO
probably involved chlorination of the reduction product,
phenoxathlln, Halogenation of the 10-oxlide or 10-dioxide

755, F. Noble and N. W. Burske, J, Am. Chem, Soc., 76,
3034 (1954).
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would be expected to proceed quite eslowly due to the deacti-

vating influencee of the gulfoxide and sulfone groups.

Friedel-Crafts reactions

Of the substitution reactlons of phenoxathiin, the
Friedel-Crafts scetylation has been utilized the most ex-
tensively. The reaction was firet described by Suter,
McKenzie and Maxw31135, who prepared 2-acetylphenoxathiin,
m.p. 111-112%, in 58% yield by the reaction of equimolar
emounts of phenoxathiln, acetyl chloride and sluminum chlo-

ride, Vhen Floweres and Flowerszz

repeated the reaction
there was obtained & 31% yield of product having the same
melting point as that reported by Suter and coworkers.

52

Noble, Blardinelll and Blaney” made numerous unsucceseful
sttempts to duplicate the above ylelds. These workers re-
ported a 26% yleld of 2-amcetylphenoxathiin melting at 117.5-
1180. Thie difference in melting points suggests that the
lower melting material wae less pure. The oxime which Suter

35 prepared from the acetyl compound, m.p. 1ll-

and coworkeres
112%, melted at 142-144°, whereess the 2-scetylphenoxathiin
oxime of Noble and coworkers melted st 158-159.50. This

great difference in melting pointe 1s significant. If the

lower melting compound wae pure, then 1t was probably the
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oxime of the other conflguration (cis- or trans-) or an
oxime of a different ketone.

2-Phenoxathilncarboxylic acid was the key compound in
the nroof of the structure of 2~-acetylphenoxathiin, m.p. 11ll-
1120. Aeg mentioned in the section on oxidation reactions,
Suter, McKenzie and Maxw31135 carrlied out the haloform oxida-
tion of the acetyl compound and obtalned an acld which
melted at 259-2600. These workers then prepared the same
acid from 2-bromophenoxathiin, m.p. 59-600, by wey of carbona-
tion of the Grignard reagent.35 The only euccessful nrepara-
tion of the Grignard reagent wasg accomplished by adding an
ether golution of 0.078 mole of the bromo compound to a mix-
ture of ether, 0.10 grem atom of magnesium and approximately
0.04 mole of ethyl iodide. One of the products of the re-
action consisted of "asbout 8% of the theoretical amount of
material eoluble in alkali“.35 There wezs no indication as
to whether this meterial was pure 2-phenoxathiincarboxylic
acld or whether a purification by crystallization was neces-
gery in order to obtain the scld which melted at 260-2620.
This acld was shown by a mixed melting noint determination
to be identical with the acld obtalned by the haloform oxida-
tion of the acetylphenoxathiin. No quantitative elemental

anelyels was reported for the acld.



68

The proof of the structure of the 2-acetylphenoxathiin
of Nobls and coworker552 wae based upon the conversion of
2-acetylphenoxathiin oxime to 2-sminophenoxathiin, m.p. 93-
95°, by the Beckmann rearrangement, Irie5o prepered 2-
aminophenoxathiin, m.p. 980, by reduction of 2-nitrophenoxa-
thiin,

The preparstion of 2,8-dlacetylphenoxathiin by the
Friedel-Crafte reaction was first carried out by Tomita65.
who reported the melting voint of the product as 175°.
Nobis, Blardinelli and Blaney52 repeated the reaction and
observed the melting point of 184-186°, The queetlon aricee
eg to whether both producte sre 2,8-dlacetylphenoxathiin.
Oxldation of the diacetyl compound, m.p. 1750, was carried
out under the conditions which Suter, McKenzie and MaxwellBj
had employed for the oxidation of 2-acetylphenoxathiin. The
product was 2,8-phenoxathiindicarboxylic acid 10-dioxide,
m.n. over 300°.65 The same acld was obtalned by the alkeline
permangaenate oxidation of 2,8-dimethylphenoxathiln, a com-
pound with & well-proven structure., The aclde were not com-
pared, but were converted to the dimethyl esters, m.p.
204—2080, which were ghown to be 1ldenticel by a mixed melting
point determlnation.e-s The diacetylphenoxathiin, m.p. 184~

1860, wae converted to the dioxime and then by way of the

Beckmann rearrangement, to the diaminophenoxathiin, m.r.
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o™ 52
171-173". Nobis and coworkers

cited as =vidence for the
structure of 2,8-diaminophenoxathiin the fact that Todd ob-
gserved a melting point of 166—168o for 2,8-dieminophenoxa-
thiin which was prepared by the Hofmann reaction from
2,8-dlcarboxamidophenoxathitn,’® Thie work of Todd has

not been published, It has not been proven conclusively
that phenoxathiin derivatives are not oxidized to the
sulfoxides under the condlitione of this reaction. The pos-
gibllity of oxldation aes & side resction in the Hofmann
reaction has been dlscussed. Acetylation of the diamino-
phenoxathiin, m.p. 171-1730, with acetic anhydride produced
the dlacetamidophenoxathliin which wae subseguently oxidlzed
to the 10-dloxide, m.». 349-353°. The other route to the
dlscetamidophenoxathiin-10-dloxlde was by way of acetylation
of 2,8-dieminophenoxathiin-1'-dioxide, m.p. 24k-247,5°,
(Ir1e50 reported 239-240°,) The dlacetamido-10-dioxide
melted at 338-341°, A mixture of thie material and the
compound, m.p. 349-353°, melted at 345-350°, The absence
of depregsion 1in melting point was assumed to be evidence

that each product was 2,8-dilacetamidophenoxsthiin-10-dioxide.

76D. Todd, Private communication to J. F. Nobis,
Research Division, Nationel Distillers Chemical Co., Cincin-
nati, Ohio. [ Cited in J. F. Noble, A. J. Blardinelli and
D. J. Blaney, J. Am, Chem. Soc., 75, 3384 (1953).)

o *Irieso reported 2,8-diaminophenoxathiin to melt at
118",
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Tomita65 carried out the reaction of phenoxathiin with
chlorocacetyl chloride in the presence of aluminum chlorlde
and obtained a 98% yleld of 2,8-bis-(/ -chloroacetyl)phenoxa~
thiin. The product was oxidized to 2,8-phenoxathiindicarb-
oxylic acid 10-dioxide which was subsequently converted to
the dimethyl ester. This eeter was identlcal with that ob-
tained from 2,8-dlacetylphenoxathiin by the same two
reactione, Both the 2,8-dlacetyl- and the 2,8-bis-(R -
chloroacetyl)phenoxathiin ylelded 2,8-diethylphenoxathiin
upon reduction.65

The reaction of molar equivalent amounts of phenoxathiin,
benzoyl chloride and aluminum chloride produced & mixture
from which were obtained a 33% yleld of benzoylphenoxathlin,
m.p, 96-97°, and an 11% yield of dibenzoylphenoxathiin, m.p.
197°.35 Suter, McKenzie, and Maxwell’” sssumed that the
benzoylation reaction wae strictly analogous to the acetyla-
tion reaction which had ylelded 2-acetylphenoxathiin. On
this basis the two producte, m.p. 96-97° and 197°, were
designated as 2-benzoyl- and 2,8-dlbenzoylphenoxathlin,
respectively.

Two monoacylatlon products, Y -oxo-2- and Y -oxo-3-
phenoxathlinbutyric acid were obtained from the reaction

of phenoxathiln with succinic anhydride and aluminum



71

chloride.77

The two sclds were separsated by crystallization
from acetic scid, the less soluble 2-acld erystallizing first.
No proof of the structures of the two isomers was described.
It hes been shown that upon bromination and upon
acetylation in the presence of aluminum chloride substitu-
tion occurred in the 2-position, whereas a product which 1is
probably 3-chlorophenoxathiin was obtalned upon chlorination
of phenoxathiin. The 1solation of both the 2- and the 3-
aclds from the acylation with succlinic anhydride precipitates
the question &s to whether brominatlion, chlorination and
acetylation actually yleld only & 2- or a 3- derivetive and
not both. In the case of bromination it wes unlikely that
a gecond bromophenoxathiin could have formed in any appre-
clable emount consldering the reported ylelds of 83%35 and
SB%SA for 2-bromophenoxathiin. An isomer of 2-bromophenoxa-
thiin would probably have very similer golubllity properties
and thus make it qulte dirfficult to obtain one pure mono-
bromophenoxathiin in such high ylelds. BSince neither Suter

34 nor Ir-.‘:.eSO reported the yleld of the chlorination

end Green
product, little 1e known sbout the nosslbility of there
having been two monochlorophenoxathiins formed, It 1is sig-

nificant that Irle obtained both s mono- &nd a dichloro-

7?R. R. Burtner and J. M. Brown, U. 5. Patent 2,480,220
(1949) [ c. A., 44, 1143 (1950)].
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phenoxsthiin from the same reactlon, whereas Suter, McKenzie

and Maxwe1135

reported only & monobromo- and & monoacetyl-
phenoxathiin from the reactions in which one equivalent of
the substitution reagent was employecd. £lso, the report
that both the 2- :nd the 3-isomers were isolated from one
Friedel-Crafts reaction77 should cause the worker to view
with caution the designation of the dibenzoylphenoxathiin

as the 2.8—der1Vat1ve35 until the structure of this compound

has been proved.
Nitration

The primary amino group probably imparts greater syn-
thetic potentlal to an sromatic molecule than any other
functional group. Thig group can be acylated anc used for
activation of the molecule towards subsequent substitution
reactions, and then can be readlly removed, It can be con-
verted to the diazonium salt which cen be replaced eassily
and unambiguously by other functional groups. Cenerally the
most convenient method of introduction of the amino group
into a molecule 1s by way of reduction of the nitro group.
Therefore, the nitratlon reaction ig a common but very
valuable tool in the synthesis of derlvatives of aromatic

compounds, This reaction 1s particularly convenient in the
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dlbenzofuran serles since the nitro group enters the 3-
poeition, whereas other substitution reactions (except
metalation) take place at the 2-position.” Dibenzothiophene
is nitrated in the 2-position while divenzothiophene-S-o0xide
and 5-dloxide are nitrated in the 3-position, msking avall-
able convenient routes to various derivatives in both
positions,

No nitrophenoxathiin hes been prepared by direct nitra-
tion of the parent heterocycle., Oxidation wae always the
principal reaction which occurred when phenoxathliin and its
unoxidized derivatives were treated with nitrating agents.
The use of nitric scid for the preparation of phenoxathiin-
10-0xide and 10-dioxide and for the oxidatlion of derivatives
of phenoxathiln to the 1l0-oxide and 10-dloxide was discussed
earlier in this thesis,

All nitratione of phenoxathiin, phenoxathiin-l0-oxide
anéd phenoxathiin-10-dloxide yleld nitro derivatives of phen-
oxathiin-l10-dloxide, Thesge reactions were first described
by Irieso, who obtailned both 2-nitrophenoxathiin-10-dioxide,
m.p. 196.5°, and 2,8-dinitrophenoxathiin-10-dioxide, m.p.
276-278°, by treatment of phenoxathiin with fuming nitric

*For a review of the nitratlon reactions of dibenzo-
furan, dibenzothiophene, diphenylene dioxide, phenoxathiin
and thianthrene see D. L. Esmay, Unpublished Ph.D. Theslis,
Iowa State College Library, 1951, p. 29.
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acid (ep. gr. 1.45) at steam bath temperature. Nitration
of phenoxathiin-l0-dloxlide under eimilar conditions ylelded
the same two products. In order to prove the structures of

the nitration products Irie50

prepared the two compounds by
oxidizing 2-nitro- and 2,8-dinitrophenoxathiin to the 10-
dloxides, The synthesls of each of the unoxidized compounds
waes described in the section desling with ring closure re-
actlons.

Nobis, Blardinelll and Blaneysz obtained a 30% yield
of 2-nitrophenoxathiin-l0-dloxide, m.p. 18?-1880, from the
reaction of phenoxathiin-10-oxide in glaclal acetic acid
with & mixture of fuming nitric scid and concentrated sul-
furic acld. Nitration did not take place in the absence of
concentrated sulfuric acid. 2-Nitrophenoxathiin-10-dloxide,
m.p. 192-194°, was prepared in a yleld of 43% when fuming
nitric scid wae hested with phenoxathiin-l0-dloxide in
glaclal acetic acid.52 Nobie and coworkere52 gave no ex-
planation for the difference in melting pointe, 187-188°
and 192~19h°, for 2-nitrophenoxathiin-10-dioxide prepared
from phenoxathlin-10-0xide and phenoxathiin-10-dioxide,
respectively. A mixed melting point determination was not

reported., It is intereeting that the lower-melting material

melted over the narrower range.
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The use of glacial acetic acld as a solvent appeared
to inhibit nitration of phenoxathiin, Nobls, Blardinelll
and Blaney52 lsolated only nhenoxathiln-l0-oxide from the
reaction of phenoxathiin in glaclal acetic acld with fuming
nitric acid. However, when the nitration mixture consisting
of fuming nitric acid and concentrated sulfuric acid was
added to phenoxathiln in glacial acetic acid, 2,8-dinitro-
phenoxsthiin-10-dioxide, m.p. 283-2860, was produced in 30%
yield. A 41% yleld of 2,8-dinitrophenoxathiin-10-dloxide,
m.P. 277-2800, veeg obtained when fuming nitric acld was
added to a mixture of phenoxathiin-l0-dioxide and concen-
trated sulfuric acid.

The reactlions employed by Nobis, Blardinelli and Blaney52
in proving the structures of 2-nitro- and 2,8-dinitrophenoxa-
thiin-10-dioxide are 1llustrated in the equations on the
following page. Most of the reactions were discussed in
connection with the proof of the structure of 2,8-dilascetyl-
phenoxathiin, Though Nobis and coworker952 had asgsumed that
this compound, m.p. 184—1860, was the 2,8-derivative, the
proof of 1ts structure seemed as necessary as those of the

85 had reported the melting

nitration producte since Tomita
point as 1?50.
Due to the fect that the melting point of Nobls and co-

workers! dinitration product agreed with that reported by
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Ir1e5o, who had obtained the compound both by dinitration
and by ring closure followed by oxidation, 2,8-dinitrophen-
oxathiin-10-dioxide was used a8 the key 2,8-8erivative in
the structure proof of 2,8-dlacetylphenoxathiin described
earlier,

Noble and Burake75 carried out a low temperature nitra-
tion of 2-acetamidophenoxathiin in expectation of obtaining
2-acetamido-3-nitrophenoxathiin, The only vroduct isolated
from the mixture was a small amount of materiel which melted
at 174-176.50. Analytical results for the compound indicated
that 1t may have been 2-acetamido-3,8-dinitrophenoxathiin.
Various conditions were employed in unsucceessful attempts
to nitrate 2-acetamidophenoxathiin-10-dioxide.’~” There re-
sulted only mixtures of producte from which no pure compound

was isolated.
Bulfonation reactlions

The action of sulfuric zcid on phenoxathiin and phenoxa-
thiin-10-o0xide wae a subject of consldersble investigation
by Drew53 and by Hilditch and Smiles.63 The violet color of
the cold, concentrested sulfuric acid solutlons was the

center of the intereet. Hilditch and Smiles63 attributed
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the color to the presence of a thionium salt such as that

shown by formula XIII. Drew53 provided experimental data

§0,H
.,o\
SOgH
N ?/
P
0 | 2
§04H ~
"’0
X111 SO.H
XIV

which he bellieved to support his theory that thionylium
compounds of the type represented by XIV were responsible
for the color. This worker diesolved phenoxathliin in cold,
concentrated sulfurlc acid, removed the sulfur dloxide that
wag evolved, and then hydrolyzed the mixture., The two
producte, phenoxathiin and phenoxathiin-l0-oxide, were iso-
lated quantitatively in molar equivalent amounts. When
phenoxathiin—10~oxide was dissolved in sulfuric acld the
violet solution did not evolve sulfur dloxide, but ylelded

the same two products and a yellow, amorphous solid upon
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hydrolysis. Drew belleved that sulfur dioxide would have
been evolved had phenoxathiin been present as such in the
sulfurliec acid solution. The yellow, amorphous product, m.p.
215-220°, which was not a sulfonic acid, gave en intensely
blue color in sulfuric ascid. According to Drew, the yellow
8olid was "probably a nuclear-oxidation product of a

thionylium compound, e.g., (XV)".S3

S O4H
0 0
~ H20
—_
N
3
| 0
S
~
H2804
-~
0 0
SOgH
XVY

Suter, McKenzle and Maxwe1135 carried out the first
reaction which yielded a phenoxathiinsulfonic acid. The
product from the reaction of molar equivalents of phenoxe-
thiin and chlorosulfonic acid was not 1isolated, but was
converted to the sodium salt. When the sodium salt was re-

fluxed with excess phosphorus oxychloride the corresponding
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phenoxathiinsulfonyl chloride, m.p. 127-1280, was formed.
The product wee deslgnated as Z2-phenoxathiinesulfonyl chloride,
but the structure was not proved.

A disulfonic acld, also isolated as the salt, was pre-
pared from phenoxathiin and 4 molar equivalents of chloro-~
sulfonic acid. The disulfonyl chloride, m.p. 142-143°, was
prepared by treatment of the diesodium salt with phosphorus
oxychloride and by the reaction of phenoxathiin with 6 molar
equivalents of chlorosulfonic acid. Suter, McKenzlie and
Maxw01135 designated the product aes 2,8-phenoxathiindisulfonyl
chloride and attempted to prove the structure by conversion
to 2,8-dichlorophenoxathiin, m.p. 13563, 137“’.5o Thus, from
the reaction of the disulfonyl chloride and phosphorus
pentachloride there was obtalned a small amount of product
which melted at 134-1350. However, neither & mixed melting

point nor analytical datum was reported for the compound.

S €108 §0,C1 c1
6 L1504 chs
0
4 msos\ POCl3 T
HO3S S S04H Na0ys 2\~ § S03Na
NaCl
0 —_— 0
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78 carried out the sulfonation of

Tomita and Yamada
phenoxathiin by heating the heterocycle with concentrated
sulfuric acid., After the reaction mixture was poured into
water, this mixture was added to a saturated sodium chlorilde
solution and the disodium ealt was isolated., The 2,8-
phenoxathiindisulfonyl chloride, obtained by hesting the
disodium salt with phosphorus trichloride, melted at 1490,
6° higher than the melting point reported by Suter, McKenzie
and Maxwell,

As a derlivative of 2-phenoxathilneulfonyl chloride,
Suter and coworkers35 prepared 2-phenoxathiinsulfonamide,
MeDe 177-1780. 2,8-Phenoxathiindisulfonamide, m.p. 1920,

wag prepared by IrieEo

, who reported the same melting point
for 2,8-phenoxathiindisulfonyl chloride as did the original
workers., The disulfonyl chloride of Tomita and Tamada78 was
reduced to the dithlol, an unstable compound from which was
prepared 2,8-dimercaptophenoxathiin dimethyl ether, m.p.

68-690, and 2,8-dimercantophenoxathiin dlacetate, m.p. 108~

109°.

78M. Tomita end H, Yemada, J, Pharm. Soc, Japan, 71,
451 (1951) [C. A., 46, 992 (1952)].
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Metslstlion resctions

Metalation® of phenoxathiin was first reported by
Gllman, Van Egs, Willlie and Stuckwiach.5“ The reactlon was
carried out by refluxing for 24 hours an ether solution con-
talning equimolar amounts of phenoxathiin and n-butyllithium,
Subeequent to carbonation of the metalation product there
was obtalned a 61% yield of acid which melted between 157
and 160°. The pure Y4-phenoxathiincarboxylic acid, m.p. 168~
169°, was obtalned after three recrystallizations from
glecial acetic acid.

Oxidation of 4-phenoxathiincarboxylic acid with hydro-
gen peroxide in glaciel acetic aclid yilelded a product, m.p.
183-184°, deesignated as 4-phenoxathiincarboxyllic acid 10-
dloxide, The following analyticel datum was reportedsh for
the compound. Anal, Calcd, for 013H305S: neut., equiv,,
256. Found: neut., equiv., 261. The theoretical neutraliza-
tion equivalent 1e 276, making the experimental vslue 15 unite
low. The value of 261 agrees well with the theoretical value
of 260 for 4-phenoxathiincarboxylic acid 10-oxide. Esterirfi-
cation of the acid which melted at 183-184° yielded methyl

*A comprehensive description of the metslation reaction
with organolithium compounde appears in the chapter by H.
Gilmen and J. W. Morton, Jr., in R, Adame, "Organic Reactions®,
John Wiley and Sons, Inc., New York, N. Y., 1955, Vol. 8,

p. 258,
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L-phenoxsthiincarboxylate 10-dioxide, m.p. lzbo.su Shirley
and Leht059 reported the melting point of 123-124° for the
methyl ester prepared from 4-phenoxathiincarboxylic acld
10-dloxide, m.p. 189-190°.

Metalation was proved to have occurred ortho to oxygen
in phenoxathiin when the acld was converted to the known 4~
chlorophenoxathiin-10-dloxide by the sequence of reactions

1llustrated below.Bh The product was shown by a mixed

-CqHgli Y
0 0 Li

COzH

4 HNO:
~o

CONH, NH,

melting polint determination to be 1denticel with an authentic

specimen of 4—chlorOphenoxathiin-lO—dioxideBu

prepared by
oxldation of the product from the Ferrario reaction of 2-
chlorodiphenyl ethen,

Several 4-subetituted phenoxathiln derivstives have
been prepared by way of 4-phenoxathiinyllithium., 4-smino-

phenoxathiin was obtained in 59% yield from the reaction



8l

of O-methylhydroxylamine with thie 1ithium compound.sb The
reaction of 4-nhenoxathiinyllithium with oxyzen in the pres-
ence of n-butylmagnesium bromide afforded o 474 crude and
a 16% pure yleld of h-hydroxyphenoxathiin.79 This 1t the
only hydroxyphenoxsthiin which hae been described in detall
in the literature. In the abetract of a patentao there 1is
& brief mentlion of the preparastion of hydroxyphenoxathiins
by heeting the halogen derivatives under pressure with aque-
ous caustic alkalles or alkaline earths. Vhen lodlne was
added to the metalated phenoxathiin there waeg obtalned &
21% yield of h—iodophenoxathnn.” Produced in the same
process wag & considerable amount of material thought to
have been 4,6-diilodophenoxathiin which resulted from the
reaction of lodine with dimetalated phenoxathiin, The com-
pound wae not leolated, however.

The reaction of phenoxethiin with phenylecalcium icdide,
followed by carbonation, ylelded a very small amount of a

5k

yellow acld which melted at 260-262°. Neither & neutrsalil-
zatlon equivalent nor a quantitative elemental anslysie wasg

reported for the compound. A mixed melting point with a

79H. Gilman and D. L. Esmay, J. Am. Chem. Soc., 76,
5787 (1954),

805, pdtzer and F, Muth, German Patent 606,350 (1934)
[C. 4., g%, 1434 (1935)]; British Patent 427,816 [ C. A.,
29, 6608 (1935)].
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sample of 2-phenoxathiincarboxylic acid35, M. 260-262°,
vag depressed, showlng that metalation had not occurred in
the 2-poeitlion. Since the product was not the known 2-, 3-,
or b.acld, the orientation in metslation was considered as
anomalous and wes suggestive of enother interesting metala-
tlon by phenylecslcium iodide. Metalation in the position
meta to the sulfur had been observed in the reactlon of
phenylcalcium lodlde with dibenzothiophene.81 Carbonation
of the metalation product had ylelded 3-dibenzothiophenecarb-
oxylic acid in contrast to the 4-acid which was the product
when metalation had been effected by organolithium compounds.
Avakian®? carried out the metalation of 0,08 mole of
phenoxathiin with 0.11 mole of n-butyllithium and obtained
two aclde, one of which, m.p. 258—2600, did not deprees the
melting polnt of the acid from the phenylcalcium lodide
metalation.sa It 12 stated in the doctoral dlseecrtation of
F. J. Webb > that the acid, m.p. 258-260°, was a dibasic acid.
82

However, the experimental procedure provided by Avekian

contained no data which indicated that the compound wae a

Blﬁ. Gilmen, A. L. Jacoby and H. A. racevitz, J, Oprg.
Chem,, 3, 120 (1938).

828. Avakian, Private communication to Prof. H. Gilman,
Iowa State College, Aug. 10, 1953,

83F. J. Webb, Unpublieghed Ph.,D. Thesls, Iowa State
College Library, 1941, p. 36.
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dibaelc acid. fTﬁe other acid obtained from the reaction was
"a dibselc aﬁid which did not melt at 2850“.82 Analytical
data 1n th§ Torm of a quantitative sulfur snelyeie of this
ecld and ite dimethyl ester, m.p. 1b9~150°, vere reported.82
The reaction of phenoxathiin-l10-dioxide with one molar
equivalent of p-butyllithium produced, subsequent to carbona-
tion, a 46% yleld of l-phenoxathiincarbvoxylic acid 10-dioxide,
M. D, 2228«2290.59 Metalation of phenoxathiln—lo-oxide59 oc~-
curred under low tempereture condltions similar to those

72

employed by Gillman and Esmay’ ™ for metalation of dibenzo-
thiophene-5~0xide, Three molar equivalents of p-butyllithium
were gtirred with suspension of the l0-oxide for 5 hours at
-20° and then the mixture was allowed to warm to room temper-
ature. Following carbonation there wes isolated a 22% yleld
of l-phenoxathiincarboxylic scid, m.p. 221—2220.59 The
enalyticel data indicated that the acld was a phenoxathiin-
carboxylic acld rather than an acid 1l0-oxide. It wae con-
firmed that reduction had occurred when the acid was
unaffected upon treatment with zinc duet in glaclal acetlc
eclid. That metalstion occurred in the same position in
phenoxathiin~10-o0xide and 10-dioxide wae proved when oxida-
tion of l-phenoxathlincarboxylic acid with hydrogen peroxide
in glasclal acetic acid ylelded the same acid as that obtalned

by metalation of phenoxathliin-l0-dloxide. The cleavage of
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l-phenoxathlincarboxylic acid 10-dloxide by Raney nickel
yielded 3-carboxydiphenyl ether, a product which would arise
upon desulfurization of either l- or 3-phenoxathiincerboxylic
acild 10-dioxide, Thet the carboxyl group was not in the 3-
position of phenoxathiin was shown by a2 mixed melting volnt
determination involving 3-phenoxathiincarboxylic acid, m.p.

223—22@0, and the acld obtalned by metalatlon of phenoxathiin-

10-o0xlde.
1, 2-CaHyli
2, Coz
1, 8-CaHglLi
Ni, Ha 2, Co,
3, H*
0
Co,H $

A0 a0

Reduction had accompenied metalation in the reaction
of dibenzothiophene-5-o0xlde with.g-butyllithium.72 Since
72
dibenzothlophene was not metalated at --10o under the low

temperature conditions employed for metalatlion of the S5-oxide
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Gilmen and Esmay72 postulated that, in the case of the 5-
oxlde, metelatlon elther preceded or occurred simultaneously
with reductlion, The same sequence of reactions was belleved
to have occurred when phenoxathiin-1l0-oxide was treated with
grbutyllithium.59 Had reduction occurred first, any metala-
tion would have taken place in the U-position, since phenoxa-
thiin had been metalated in this positlion in earlier
experiments,

One resctlon between a subetituted phenoxathiin and n-
butyllithium haes been reported. Gillman, Van Eeg, Willie and
Stuckwisch5b carried out a halogen-metal interconversion*
reaction by sllowing a 1:1 ether-benzene solution containing
2-bromophenoxathiin and excess p-butyllithium to reflux for
15 minutes. Subsequent to carbonation there was obteined a
64% yleld of "pure" 2-phenoxathiincarboxylic acid melting
between 260 and 265°. The product was converted to the ethyl
ester which gave no depression in a mixed melting point deter-
minstion with an authentic specimen of ethyl 2-phenoxathiin-
carboxylate. Thls melting point was not indicated. No other
report of the preparation of this ethyl ester has been
published.

*For a recent review of the halogcen-metal interconver-
elon resction with orgenolithium comnounds, see the chapter
by R. G. Joneeg and H. Gilman, in R. Adams, "Organic Reactions",
John ¥Wiley and Sons, Inc., New York, N. Y., 1951, Vol. 6,
p. 339.
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Clesvage resctionsg

Three cleavasge reactions of phenoxathlin end ite de-
rivatives have been described in the literature., The first
of theee was the cleavage which occurred durlng the previ-
ouely mentioned attempted reduction of phenoxathiin-1l0-

dioxide by hydrazine hydrate.so

The products of the reaction
were not reported. The cleavage reaction employed in the
proof of the poslition of metalation of phenoxathliin-l0-
dloxide59, i.e.,, the reaction of l-phenoxathiincarboxylic
ecild 10-dloxide with Raney nickel to produce 3-carboxydi-
phenyl ether, involved desulfurization and hydrogenolysis,
The hydrogen adsorbed on Raney nickel during the p]:'epsnr'at:fmns’+
of the catalyst has been shown to effect hydrogenolysis of
a number of sulfur-contslning compounds, the sulfur being
removed as nickel sulfide.* The hydrogenolysis procedure
employed in the desulfurlzation of l—phenoxathiincarboxylié
acld 10-dloxide wes modeled after the work of Mozingo and

coworkers85, who 1solated benzene in ylelds of 65 to 75%

m
8 R. Mozingo, Org, Syntheses, 21, 15 (1941),

85R. Mozingo, D. E. Wolf, S. A, Harries snd K. Folkers,
J. Am. Chem, Soec., 85, 1013 (1943).

*a review of Raney nickel desulfurizations wes provided

by J. F. W. McOmle, A Reporte on Progress Chem, (Chem,
Soc, London), 45, 19 19555.
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from the Raney nickel cleavage of diphenyl sulfide, diphenyl
sulfoxide and diphenyl sulfone, A method employling dilute
codlum carbonate as the reaction solvent gave excellent
yields of cleavage products from sulfur heterocycles con-
taining carboxyl groups.86’89 Dibenzothiophene wae converted
successefully to biphenyl by Raney nickelss, but dibenzothlo-
phene-5-oxide and 5-dioxide ylelded producte which were not
identiried.8? The isolation of biphenyl in 31% yield from
the cleavage of 2-bromodibenzothlophene revesled that de-
brominetion had accompanied desulfurization.89

The reaction of phenoxathiin with sodium in liquid
ammonia probably involved cleavage of a carbon-sulfur bond
since the product wes consildered to be 2-thioldiphenyl
ether.go Asslignment of the structure was based unon analyt-
icel data and upon the observation that the compound reacted

with eslts of heavy metals to form mercaptides, No cleavage

865, A. Herrie, R. Mozingo, D. E, Wolf, A. N. Wileon
and K, Folkers, 1bid., 67, 2102 (1945).

87F. F. Blicke and D. G. Sheets, ibid,, 70, 3768 (1948).
88p. F. Blicke and D. G. Sheets, ibid,, 71, 4010 (1949).
894, Gilman and D. L. Eemay, ibid.,, 75, 2947 (1953).

0%, Tomite, Y. Inubushi snd H. Niwe, J, Pharm, Soc.
Japan, 72, 206 (1952) [ C. A., 42, 6428 (1953)7.
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of a carbon-oxygen bond in 2-thloldiphenyl ether occurred
when excess sodlum was employed.

The above cleavage reaction of phenoxathliin 1llustrates
another difference in the chemlicsl properties of phenoxathiin
and dlbenzothlorhene. Heduction of a benzenold ring occurred
when the latter heterocycle wae treated with sodium in liquid
ammonia.91

Both dilbenzofuran and dibenzothiophene were cleaved by

89 Irrespective of whether the

lithium in refluxing dioxane,
cleavage of dibenzofuran was followed by hydrolysis or by
carbonatlion, the product wee 2-hydroxyblphenyl. However,
the analogous product, 2-thiolbiphenyl, was obtalned only
when the dibenzothiophene cleavage was followed by carbona-
tion; only biphenyl having 5een isoleted when hydrolysis wae
subsequent to cleavage. When easch of the heterocycles was
treated with lithium in refluxing diethyl ether, reaction
occurred only with dibenzofuran. Carbonation of this cleav-
age product produced 3,4-benzocoumerin in 47% yileld, The

89 would indicate

results of the experiments in dlethyl ether
that in this solvent lithium cleaves the carbon-oxygen bond
more readily than the carbon-sulfur bond. Phenoxathiin,

wihich hae both the ether and sulflde linkages in the same

91H. Gilmen and A, L. Jacoby, J. Org, Chem,, 3, 108
(1938).
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molecule, was cleaved by lithium in diethyl ether, but the

product was not 1dent1f1ed.92

Derivetives of Phenoxsthiin

In Tables 4~-8 are included those derivatives of phenoxa-
thiin which have been described in the literature and those
prepared during the course of this investigation. The
coverage of the literature on phenoxathliin wae thorough
through 1954, The period between 1954 and June, 1955 was
covered as completely as nossible by a survey of the
Heterocycle sectlon of Current Chemical Papers. This
publication contains a clasgified world list of the paperes
in pure chemistry. Each entry in the 1list consists of the
title of the article, the name(s) of the author(e) and the

Journsl reference,

92p, L. Reid, Unpublished Studies.
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Table 4. Derivatives of phenoxathiin

v

Name of compound M.p., Reference
Monosubstituted phenoxathiins
2-Acetamidophenoxathiin® 129-30 (52)
3-Acetamidophenoxathiin* 181-2.5 (75)
2-(p-Acetamidophenylsul fonamido)-
phenoxathiin 195-6 (93)
4 (p-icetamidophenyleul fonamido)-
phenoxathiin 192 (94)
2-Acetylphenoxathiin 111-2 (22,25,35)
116.5-8.5 (38)
117.5-8 (52)
2-Acetylphenoxathiin oxime | 142-4 (35)
156-8 (38)
158-9.5 (52)
2-Acetylphenoxathiln phenylhydrazone 93.5-4.5 (35)
2-Aminophenoxathiin%* 93-5 (38,52)
98 (50)

93M, Tomita and S. Fukuna ga, m, Soc. Jeapan, 695,
No. 7/84, 11 (1945) [ G. A, &8, 5‘39 1951)7.

9“H Gilman and C, G. Stuckwlech, J. Am. Chem, Soc,, 85,
1461 (1943).

Compound 1s included in a trestment of melting pointe in
the Discusslon sectlon of this thesies,
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Table 4. (Continued)

Name of compound M.p.,°®  Reference
3-Aminophenoxathiin® 81.5-3 (75)
4-Aminophenoxathiin® Dene (54)

209/5 mm,
4-iminophenoxathiin hydrochloride (%) 223—;, (54)
223-
2-(p-Aminophenylsulfonamido)-
phencxathiin 186-7 (93)
L~(p-Aminophenylsulfonamido)-
phenoxathiin 168 (94)
2-Benzoylphenoxsthiin 96-7 (35)
2-Bromophenoxathiin* 59-60 (35)
90-1 (38)
58-9 (54)
A~ Bromo-A - (2-phenoxathiinoyl)-
proplonic acid 173 (95)
_~Butylphenoxathiin b.p. 245- (96)
‘ 264 /20 mm.
1-Chlorophenoxathiin* 78-80 (50)
2-Chlorophenoxathiin* 88-9 (35,38, 50)
95

R. R. Burgner, U, S. Patent 2,604,478 (1952) [ ¢. A.,
48, 12813 (1954)].

967, B, Smith and H. ¥. Moll, U. S. Patent 2,221,819 i19uo)
{c. A., 35, 1803 (1941); Chem, Zentr., 112, I, 3131 (1941)
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Table 4, (Continued)

Name of compound M.p., © Reference

3-Chlorophenoxathiin® 81-28 (34)

79-81 (38)

78-9° (50)
h4.Chlorophenoxathiin* b.p. (34)

192-3/7 mm,
_-Chlorophenoxathiin (?) 37¢ (57)
_~Chlorophenoxathiin (?) 59-60 (34)
2-Cyanomethylphenoxathiin 85-8

205/10 mm,
~Cyclohexylphenoxathiin

bo po 232"‘

8/20 mm. (98)
_~Decylphenoxathiin - (99)

97w. Wenner, U, 8. Patent 2,489,348 (1940) [ C. A., 4k,
2559 (1950)].

98F. B, Smith and H. W. Moll, U. S. Patent 2,221,820 (1940)
(c. A., 35, 1803 (1941), Chem, Zentr., 112, I, 3131 (1941)].

99F. B. Smith and H. W. Moll, U. S, Patent 2,277,833 (1942)
fc. A., 38, 4832 (1942)].

8pesignated as l-chlorophenoxathiin by Suter and Green.
bPosition not designated by Irile,
°Designated ag 2-chlorophenoxathiin by Ackermann.

dDesignated as 3-chlorophenoxathlin by Suter and Green.
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Table 4, (Continued)

Name of compound F.p., Reference
_-Dodecylphenoxathiin -— (99)
Ethyl 2-phenoxethiincerboxylate —— (54)
_~Heptadecyl -henoxathiin —~— (99)
2-( & ~-Hydroxyethyl)phenoxathiin 65-7 (22,25)
L-Hyaroxyphenoxathiin 98-9 (79)
_-Hydroxyphenoxathiin -— (80)
2-Iodophenoxathiin¥* 92-4 (75)
3-Iodophenoxathiin¥ 70-2 (75)
L4-Todophenoxathiin* 42.5-3 (75)
Methyl Y -oxo-3-phenoxathiinbutyrsate 60-2

b.p. 214- (77)
222/0.5 mm,
2-Methylphenoxathiin* 38-9 (34)
37 (57)
L-Methylphenoxathiin* b.p. 186~ (34)
7/14 mm,
_-Methylphenoxathiin* 83-4° (34)
Methyl l-phenoxathiincarboxylate* 95-6 (59)
Methyl 4-phenoxathiincarboxylate* b.p. 183~ (59)
7/1 mm,

®Designated as 3-methylphenoxathiin by Suter and Green.
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Table 4, (Continued)

0

Name of compound M.p., Reference

2-Nitrophenoxathiin® 140 (67)
160 (50)

Y ~-Oxo-2-phenoxathiinbutyric acld* 191-2 (77)

Y -0xo0-3-phenoxathiinbutyric acla* 159-161 (77)

2-Phenoxathiinacetamide 200-2 (97)
202-3 (100)

2-Phenoxathlinacetic acid* 193-4 (97)
136-7 (100)

2-Phenorathiinecetonitrile 85-8 (97)

( 2-Cyanomethylphenoxathiin)

1-Phenoxathiincarboxylic acid* 221-2 (59)
223-4 (38)

2-Phenoxathiincarboxylic acid* 259-60, (35)
260-2
260-5 (54)

3-Phenoxathiincarboxylic acid* 223-i - (39,59)

4-Phenoxathiincarboxylic acid* 169-71 (38)
168-9 (54)

_-Phenoxathiincarboxylic acid (?) 230-8 (37)

10

94, Gilmen and S. Avekian, J, Am, Chem. Soc., 68, 2104
(1946).

m——— =
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Table 4. (Continued)

Name of compound M.n., 2  Reference
L.Phenoxathiincarboxylic acid amide 185-6 (54)
1-Phenoxathiincarboxylic acid hydrazide* 197-8 (59)
4-Prenoxathiincarboxylic acid hydrazide* 127-8 (59)
/3 -(2-Phenoxathlinoyl)acrylic acid 190 (95)
/3 -(2-Phenoxathiinoyl )propionic acid* 191-2 (77)

( v -Oxo0-2-phenoxathiinbutyric acid)
A -(3-Phenoxathiinoyl )propionic acid* 159-61 (77)

( ¥ -0xo-3-phenoxathiinbutyric acid)
2-Phenoxathiinsulfonamide 177-8 (33)
Z—Phenoxathiinaulfonié acid, sodium salt --- (35)
2-Phenoxathlinsulfonyl chloride 127-8 (35)
2-Phenoxyphenoxathiin 81-2 (34)
1-Phenylphenoxathiin (?) 70.5-1.5 (96)
_~Propylphenoxathiin b.p. 200~ (96)

16/20 mm.
2-Vinylphenoxathiin 39. 5-41 (22,25)
Disubstituted phenoxathiins

1-Acetamido-3-phenoxathiincarboxylic acid 294-5 (39)
2-Amino-8-chlorophenozathiin

hydrochloride 220-1 (50)
2-Amino-8-methoxyphenoxathiin 277 (50)
2-Amino-8-methylphenoxathiin* 97 (50)
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Table 4. (Continued)
Name of compound M.p.,° Reference
1-Amino~3-phenoxethiincarboxylic acld 250 (39)
259 (50)
248-9 (59)
2,8-Bls-( A -chloroacetyl)phenoxathiin 193 (65)
2,8-Ble-( & -hydroxy-/8-piperidylethyl)-
phenoxathiin 133 (65)
2,8-Bls-( @-piperidylacetyl)phenoxathliin 105 (65)
3-Chloro-_~cyclohexylphenoxathiin (?) b.p. 215- (98)
31/4 mm.
2-Chloro-8-nitrophenoxathiin* 195 (50)
128-9 (67)
1-Chloro-3-phenoxathiincarboxylic acid 249-50 (50)
_~Cyclohexyl-l-phenylphenoxathiin (7) b.p. 215- (98)
70/3.5 mm.,
1,3-Diacetemidophenoxathiin 224-5 (30)
2b2 (50)
2,8~Diacetamidophenoxathiin 253-4 (52)
3,7-Diacetamidophenoxathiin 289-90 (50)
2,8-Diacetylphenoxathiin 186-7 (38) -
184-6 (52)
175 (65)
2,8-Diacetylphenoxathiin dioxime 220-1 (52)
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Teble 4., (Continued)

Name of compound M,n., Reference
1,3-Diaminophenoxathiin® 158 (30)
2,8-Diaminophenoxathiin® 118 (50)

171-3 (52)
166-8 (76)
3,7-Diaminophenoxathiin* 167-8 (50)
1, 3-Dibenzamidophenoxathiin 257 (30)
2,8-Dibenzoylphenoxathiin 197 (35)
2,8-Dibromophenoxathiin* 92-3 (35,58)
2,8-Dichlorophenoxathiin® 134-5 (35,63,64)
137 (50)
_s_~Dichlorophenoxathliin 168-9 (38)
166-7 (50)
_»_~Dicyclohexylphenoxathiin (?) b.p. 300- (98)
60/3.5 mm,
_,_~Didecylphenoxathiin (%) - (99)
_»_-Didodecylphenoxathiin (?) _— (99)
2,8-Diethylphenoxathiin b.p.
203-4/4 mm. (65)
205-6/5 mm.
_s_~Diethylphenoxathiin b.p. 200-15,

215-26/20 mm. (96)

2,8-Dimercaptophenoxathiin unstable (78)
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Table 4, (Continued)

Name of compound M.p.,° Reference
2,8-Dimercaptophenoxsathiin dlacetate 108-9 (78)
2,8-Dimercaptophenoxathiin dimethyl

ether 68-9 (78)
2,8-Dimethylphenoxathiin®* 74 (63,65)

71 (e4)

Dimethyl 1,8-phenoxathlindicarboxylate 150.5-1.5 (38)

149~ 50 (78)

Dimethyl 4,6-phenoxathlindicarboxylate 82.5-3 (38)

1, 3-Dinitrophenoxathiin# 187 (30)

2,8-Dinitrophenoxathiin* 143 {50)

3,7-Dinitrophenoxathiin® 204-5 (68)

_f_:Dipropylphenoxathiin (?) Bégluﬁ}gaigi (94)

2-Methoxy-8-nitrophenoxathiin* ca. 300 (50)

2-Methyl-8-nitrophenoxathiin® 160 (50)

156 (67)

1-Nitro-3-phenoxathilncerboxylic acid* 262 (39)

259 (50)

260-2 (59)

1,6-Phenoxathiindicarboxylic acid 354-6 (38)
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Table 4. (Continued)

Neme of compound M.p.,o Reference

4 ,6-Phenoxathiindicarboxylic acld 266-7 (38)

2,8-Phenoxathiindisulfonamide 192 (50)
2,8-Phenoxathiindisulfonic acid,

disodium eslt -—- (35)
2,8-Phenoxathiindisulfonic acid,

disilver salt ——— (35)

2,8~Phenoxathiinsulfonyl chloride 142-3 (35)

149 (78)

2,8-Phenoxathiindithiel unstable (78)

(2,8-Dimercaptophenoxathiin)

Trisubstituted phenoxathiins

2-Acetamido-3,8-dinitrophenoxathiin (?) 174-6.5 (75)
3-Chloro-_,_ ~dicyclohexylphenoxathiin (?) b.p. 235-

60/5 mm.

b.p.

260/5 mm. to

270/3 mm, (98)

_s,_~Dicyclohexyl-1l-phenylphenoxathiin (?) b,p. 270-
330/3.5 mm, (98)

3-Nitro-8~-methyl-l-phenoxathiincerboxylic
aclad 253-4 (37)
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Teble 5. Derivatives of phenoxathiin-10-oxide

Name of compound M.r., ®  Reference

Monosubstituted phenoxathiin-10-o0xides

2-Acetamidophenoxathiin-10-oxide 234-5 (52)
_~Cyclohexylphenoxathiin-10-oxide — (69)
1-Phenoxathiincarboxylic acid 10-oxide* 262 (38)
4-Phenoxathiincarboxylic acid 10-oxide 171-3 (38)

Dieubetituted phenoxathiin-10-oxides

_~Cyclohexyl-l-phenylphenoxathiin-10-

oxide (7) - (69)
1, 3~-Diacetamidophenoxathiin-10-oxide 286 (50)
1, 3-Diaminophenoxathiin-10-oxide* 262-3 (50)
2,8-Dichlorophenoxathiin-10-oxide 168 (63)
2,8-Dimethylphenoxathiin-10-oxide 132-3 (63)
1,3-Dinitrophenoxathiin-10-oxide 202-3 (30)

l1-Nitro-3~-phenoxathiincarboxylic acld
10-oxide* 251-2 (39)

2,8-Phenoxathiindicarboxylic acid
10-oxide (7) 270 (85)

*Compound is included in a treatment of melting polnts in
the Discussion section of this thesis.
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Teble 6. Derlvatives of phenoxathiin-1l0-dloxide

Name of compound M.p.,° Reference

Monogubstlituted phenoxathiin-10-dloxides

2~Acetamidophenoxathiin-10-dioxide 280-2 (52)
2-Aminophenoxathiin-10-dloxide* 169-176,
175.5-6 (38)
164-5 (52)
2-Bromophenoxathiin-10-dioxide* 177-8 (38)
L-Bromophenoxathiin-10-dioxide 157.5-8 (38)
2~-Chlorophenoxathiin-10~-dioxide¥ 158-9 (34,38)
-— (68)
3-Chlorophenoxathiln-10-diloxide 178-9% (34)
172-4° (50)
h-Chlorophenoxathiin-10-dioxide 148-9 (34, 54)
_~Chlorophenoxathiin-10-dloxide (%) 152-3° (34)
_~Cyclohexylphenoxathiin-10-dloxide -— (69)

*Compound i included in a treatment of melting points in
the Discussion section of this theslis.

aDeaignated as l-chlorophenoxathiin-10-dioxlde by Suter
and Creen.

bPoeltion not designated by Irie.
°Deslgnated as 3-chlorophenoxathiin-10-dioxide by Suter

and Green., Compound 1s the oxidation product of _-chlorophenoxa-
thiin, m.p. 59-60°,
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Table 6. (Continued)

Name of compound M.p., Reference
2-Iodophenoxathiin-10-dioxide* 171-2 (38)
2-Methylphenoxathiin-10-dioxide* 134-5 (34)
L-Methylnhenoxathiin-10-dioxide® 141-2 (34)
_-Methylphenoxathiin-10-dloxide* 138-94 (34)
Methyl l-phenoxethiincarboxylate

10-dioxide 144-5 (59)
Methyl 4-phenoxathiincarboxylate
10-dioxide 124 (54)
123-4 (59)
2-Nitrophenoxathlin-10-dioxide* 187-90 (38)
196.5 (50)
187"8 ]
192-4 (52)
205-6 (67)
1-henoxathiincarboxylic acid 229-31 (38)
10-dioxide
228-9 (59)
l-Phenoxathiincarboxylic acid 10-
dioxide hydrazide 240 (59)
2-Phenoxathiincarboxyilc acid 10-
dioxide 268-9 (50)
L-rhenoxathiincarboxylic acid 10- 183-4 (54)

dioxide
189-190 (59)

d‘Des:l.g.g'nm:ed as 3-methylphenoxathiln-10-dloxide by Suter and
Gigen. Obtained by oxidation of _-methylphenoxathiin, m.p. 83-
8 . ’



106

Table 6. (Continued)

Name of compound M.p.,o Reference
L.rhenoxathiincarboxylic acid
10-dioxide hydrazide 260 (59)
2-Phenoxyphenoxathiin-10-dloxide 112-3 (34)
Disubetituted phenoxathiin-l0-dloxides
2,8-Bis-( A -chloroacetyl )phenoxathiin-
10-dioxide 224-9 (65)
2-Chloro-8-methylphenoxathiin-10-
dloxide* 173 (88)
2-Chloro-8-nitrophenoxathiin-10-dloxide 183-5 (67)
_~Cyclohexyl-3(?)-chlorophenoxathiin-
10-dioxide (?) 195-6 (69)
_¢Cyclohexyl-1(?)-ghenylphenoxathiin—
10-dloxide (? 82-4.5 (89)
2,8-Diacetamidophenoxathiin-10-dioxide 338—41,
349-353 (52)
3,7-Dlacetamidophenoxathiin-10-dioxide 359-62 (66)
1,3-Diaminophenoxathiin-10-dioxide* 228 (30)
2,8-Diaminophenoxathiin-10-dioxide 239-L0 (50)
2bh-7,5 (52)
3,7-Diaminophenoxathiin-10-dioxide 224-5,5 (66)
2,8-Dibromophenoxathiin-10-dioxide 183-8,
185-6 (35)
2,8-Dichlorophenoxathiin-10-dloxide 196 (63)
_»_~Dichlorophenoxathiin-10-dioxide 208-10 (50)
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Table 6. (Continued)

Name of compound M.p.,o Reference
2,8-Diethylphenoxathiin-10-dioxide o1l (65)
Diethyl 1,9-phenoxathiindicarboxylate

10-dioxide 143-3.5 (38)
2,8-Dimethylphenoxathlin-10-dioxide* 172 (63)
Dimethyl 1,9-phenoxathiindicarboxylate

10-dioxide 170-1 (38)
Dimethyl 2,8-phenoxathiindicarboxylate

10-dioxide 204-8 (65)
1, 3~-Dinitrophenoxathiin-10-dioxide 256, 5-7 (30)
2,8-Dinitrophenoxathiin-10-dioxide 276-8,

ca. 280 (50)

283-6 (52)
3,7-Dinitrophenoxathiin-10-dloxide 246-7 (66)
2-Methoxy-8-nitrophenoxathiin-10-dloxide 300 (50)
2-Methyl-8-nitrophenoxathiin-10-dloxide* 196-7 (50)
1-Nitro-3-phenoxathiincerboxylic acid

10-dloxide 296-7 (39)
1,6-Phenoxathiindicerboxylic acid

10-dioxide 351-3 (38)
1 9~Phsnoxath11ndlcarboxyllc acid '

10-dloxide 356-8 (38)
2,8-Phenoxathiindicarboxylic acid 392-4 (38)

10-dioxide
300 (65)
L ,8-Phenoxathiindicarboxylic acid 329-31 (38)

10-dioxide
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Table 7. Phenothioxonium derivatives

Neme of compound M.p.,° Reference
Chlorophenothioxonium chloride 71 (50)
(10,10-Dichlorophenoxathiin)
- (52)
2,8-Dichlorophenothioxonium hydroxide 142-5 (64)
2,8-Dimethylphenot hioxonium hydroxide 105-10 (64)
2-Nitro-8-chlorophenothioxonium
hydroxide 135 (50)
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Table 8, Miscellsneous derivatives of phenoxathiin,
phenoxathiin-10-oxide and phenoxathiin-10-dloxide

Name of compound M.p., Reference

1,4-Diketo~2-chloro-3-(3t-methyl-4'- 250, (31)

hydroxy-5'-thiolphenyl)thiol-6- decomp,

methyl-8-thiolphenoxathiin (?)
3, 7-Diphenyl-1l,9-diketo-~1,2,3,4,6,7,8,9-

octahydrophenoxathiin-10-oxide (?) 216 (101)
Isophenoxathiin-10-dioxide (?) 225 (102)
3,3,7,7-Tetramethyl-1,9-d1keto-

1,2,3,4,6,7,8,9-0octahydrophenoxathiin-

10-0xide {7 181-2 (101)
1,3,1',3'-Tetranitro-7,7'-dimethyl-

phenoxathiin-8,8'-disulfide (?) — (60)
Tetranitrodiphenoxathiin (?) 280, (60)

decomp.

1,3,1',3'-Tetranltrophenoxathiin-

8,8'~disulfide (?) decomp. (61)
1:311'03"‘Tetran1tro‘719a7'19"‘

tetramethylphenoxathiin-8,8!-

disulfride (?) 255-7 (62)

101g, p. Deeal and M. A. Wali, J, Indlan Chem, Soc., 13,
735 (1936).

1025, Hingberg, Ber., 62 B, 127 (1929).
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EXPERIMENTAL103,104

Reactlions Involving Metalation and Subsequent Carbonation

General procedure

All preparations of organometallic compounds were car-
ried out in en atmosphere of dry, oxygen-~-free nitrogen. The
gsolvent employed in the reactione, anhydrous diethyl ether,
was stored over sodium wire before usage., The metalation
reaction was cerried out in a three-necked, round-bottomed
flask of proper sglze to 2llow efficient stirring., The flask
wee fitted with a stirrer, a graduated separatory funnel and
either & reflux condenser or a thermometer, VWhen the reac-
tion was carried out at temperstures below 250, a gee inlet
tube fitted with a low temperature thermometer wes emnloyed

in place of the condenser,

103All melting points reported herein are uncorrected.
The determinations were mgde in & silicone oil-bath when the
compound melted below 250" and in an electrically-heated cop-
per block when the melting point was above 250°, The bath
and the block were heated at the rate of approximately
1Y/min. at the melting point of the compound.

louAll infrered spectra were obtained by use of the
Balrd double beam infrared spectrophotometer of the Institute
for Atomic Research, Iowa State College. The writer ex-
presees hls apprecilation to Robert McCord, Robert Cross,
Richard Hedges and Dr. Velmer A. Fassel for the determina-
tion of the spectra.
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The general method of Gilman and coworkerslos, with
minor modlfications, was employed for the preparation of n-
butyllithium. Oil-covered lithium wire was cut into 3 mm,
pleces which fell directly into the flask containing ether.
The o0ll was removed by several decantatlons of ether from
the flask, During the 45 to 60-minute period required for
the addition of n-butyl bromide, the reaction temperature
wae meintained between -20° and -30°. The ylelde, as deter-
mined by double titrationloa, of the slixteen one mole-scale
preparations ranged from 86 to 93%, with en average yield of
89.5%.

Immediately prior to carbonation the metalation mixture
was trensferred to a dry separstory funnel which had been
swept out with nitrogen. A nltrogen atmosphere wae main-
tained above the metslation mixture during the transfer to
the funnel and during the period in which the mixture was
allowed to run into a very large besker contalning & stirred
glurry of ether and powdered Dry Ice. The rate of addition,
which sometimes was necessarlly slow due to a vigorous car-

bonation reaction, wac more easily controlled from e

105H. Gilman, J. A. Beel, C. G. Brannen, M., W. Bullock,
?. E.)Dunn end L. S. Miller, J, Am, Chem, Soc,, 71, 1449
1949).

108y, Giiman and A. H. Haubeln, ibid., 66, 1515 (1944).
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geparatory funnel than from & reaction flask, Subsequent

to carbonation the mixture was allowed to stand until the
ether had evaporated, The dry solid was pulverized and ex-
tracted with petroleum ether (b.p. 60-70°) in a Soxhlet ex-
tractor., The extract contained meterials such as phenoxathlin,
diphenyl ether and minor side reaction products. Following
removal of the residuasl solvent, the salt mixture was dis-
solved in water, If a considerable amount of solid insoluble
in petroleum ether and water were present, 1t wss collected
by flltration. The salt solution was estirred with Norit-A
and flltered. Acidification was carried out by the dropwise
addition of dilute (1:10) hydrochloric acid to the clesr,
stirred filtrsate,

Resction of phenoxethiin with one equivalent of p-butyllithium
at low temperature

To & solution of 30,0 g. (0.15 mole) of phenoxathiin in
100 ml. of ether at -20° wae added 112 ml. of a 1.3%4 M solu-
tion (0.15 mole) of n-butyllithium over a period of 30
minutes. After 6 hours at -20° the cooling bath was removed.
The mixture was allowed to warm to room tempersture over a

veriod of 1.5 hours and was carbonated., Color Test 11107 wes

1074, 6iiman and J. Swiee, ibid,, 62, 1847 (1940),
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posltive st the time of carbonation, After the mixture had

been worked up as in the "Genersl ovrocedure" section, there

wae obtained 18.4 g. of yellow acid melting over the range
145«1590. The meterial waes recrystallized from glacial
acetic acid to yield 16.4 g., melting range 164-234°. Sub-
sequent to additional recrystallizatione, one from 50% acetic
acid and two from glsciasl acetic acld, there was obtalned
7.9 g. (21.6%) of 4-nhenoxathiincarboxylic acid, m.p. and
mixed m.p. 171-173°. Also obtained was 4.0 g. of a yellow
acld mixture, melting range 16?—2400. The range wae not
altered by a subeequent recrystallization from glacial acetic

acld.

Resct of phenoxathiin with one eguivelent of p-butvilit
at 350

To a stirred solution of 20.0 g. (0.10 mole) of phenoxa-
thiln in 300 ml. of ether at 35° was added 50 ml. of a 1.06 M
solution (0,05 mole) of n-butyllithium over a period of 45
minutes. Color Test II was negative 45 minutes after the
addition of this firet half-molar equivelent. The second
half-molar equivalent (0.05 mole) of n-butyllithium was added
over a 30-minute period, Color Test II was negative 30 min-

utes after the completion of the addition, st which time the
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mixture was carbonated and worked up as in the '"General
procedure " section.

Flltered from the petroleum ether extract wse a small
amount of yellow crystals which melted at 166-167°, leaving
& residue., A mixture of thie unknown materlsl and & sample
of L-phenoxathilncarboxylic acid (m.p. 171-173°) melted over
the range 1#2—1500, leaving a residue. Unsuccessful attempts
were made to purify the yellow crystals., Upon concentration
of the petroleum ether filtrate there was recovered 0.7 g.
(3.8%) of phenoxathiin, m.p. and mixed m.p. 53-55°.

The crude, yellow acid mixture weighed 18.6 g. and
melted over the range 151-1650. An attempt was mede to
separate the aclds by extraction with ether, followed by re-
crystallization from glacial acetic acid. No separation was
effected. The resultant mixture which weighed l4.4 g, was
digested with benzene, a solvent which dilssolved the mono-
carboxylic acid and left the dlesrboxylic acld as a resldue.
Recrystallization of the dicarboxylic =cid from methanol
ylelded 0.4 g. (1.4%) of 1,6-phenoxathiindicarboxylic acid,
m.p. 348-350°, with decompoeition. The identity of the
compound was established by a mixed melting point determina-

tion with an authentic specimen., (See "Reaction of phenoxa-

thiin with two equivslents of n-butylliithium" and "Hydrogen-
olysis of 1,6-vhenoxathiindicerboxylic acid".) Upon
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concentration of the benzene solution there wae obtained
11.5 g. of yellow crystale, melting range 156-172°. Follow-
ing two recrystallizations from benzene there was collected
9.8 g. of yellow crystals, m.p. 170-172°, A finsl recrystal-
lization from glaclal acetic acid yielded 9.1 g. (36.9%) of
4-phenoxathiincarboxylic acid, m.p. and mixed m.p. 171-1?36.
It is probable that higher ylelde of both acids could
have been obtained had some of the numerous purification
stepe been omitted. A significant smount of product was loet
during the attempt to separste the aclde by selective solu-
billity in ether, The second of the two recrystallizations
from benzene could have been omitted since 1t effected little

purification.

Reesctlon of phenoxathiin with two eguivelents of p-butyllithium

RBun I. To a stirred solution of 50.0 g. (0,25 mole) of
phenoxathiin in 50 ml. of ether wgs added 427 ml, of a 1.23 M
solution (0,53 mole) of n-butyllithium. After e 40-hour
perlod of refluxing, at which time Color Test II was faintly
positive, the mixture was carbonated and worked up by the
method described in the "General procedure" section.

The yellow acid mixture which was filtered from the

acldified selt solution weighed 64.3 g. (89% of the
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theoretical yield of phenoxathiindicarboxylic acld) and
melted over the range 240-295°. 1In a previous run the yield
of crude product was 98%. Unsuccessful attempts were meade
to purify the product by crystalllization from glaclal acetic
acid and from a mixture of ethanol and benzene,

A portion of the above crude mlxture was esterified by
reaction with abrolute ethsnol which had been saturated with
hydrogen chloride. Following distillation of the excess
alcohol the reaction mixture was dissolved in ether, the
ether extract was washed with water and extracted with 5%
potassium csrbonate solution. The ether solution wae dried
over Drlerite and the ether was removed by distillation.
Crystalllzation of the residue first from ethanol and then
from petroleum ether (b.p. 60-70°) yielded fractions which
melted over the ranges 65-85° and 102-105°. The higher-
melting fraction was recrystellized from s varlety of
golvents and the melting point wse reised ae high as 108-111°,
but very little product was obtalned. An attempt to separate
the esters by chromatography on a gilicic acid-Celite column
wae unsucceseful, None of four chromatographic fractione
melted over & range less than 11°.

When the potassium carbonate extract of the ether solu-
tion was acldified there was recovered an amount of yellow

acld equivalent to 28% of the sterting material. (In a
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previous esterification attempt s 35% recovery of unreacted
aclde was made.,) The acid mixture wee dlssolved 1in dilute
potassium carbonate solution and the solution wzg partieslly
acidiflied with dilute hydrochloric acid. The acid which
separated wae collected by filtration and the flltrate wes
further aclidified. This fractional acidification nrocess
waeg reveated two additionel times. The first acld fraction
gave yellow needles, m.p. 264-2670, upon recryetallization
from glacial acetlic acld. After each of two subsequent re-
crystallizations from glacial acetic acid the nroduct melted
at 266-267°. This acld, 4,6-phenoxathiindicarboxylic acid,
was 1solated in significant yields in a subsecuent experiment.
Difficulty was encountered in the process of dlsesolving in
glaclal acetlic acld the last crude fraction obtained by the
partial acldification procedure. From the cooled solution
there wae collected as the first fraction s bright, yellow
powder which melted over the range 329—3330, with decomposi-~
tion. The mother liquor gave crystalline materisl melting
over the range 249-269°. Another recrystallization changed
the melting renge to 252-2?20. The meltling range suggested
thaet both acide were belng concentrated in materisl which
crystallized. Therefore, it was bellieved that the acids in
a mixture of such a composition could not be resdlly sepsasrated

by an ordilnary recrystallization procedure.
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Run II. To a stirred solution of 40.0 g. (0.20 mole)
of phenoxathiin in 100 ml. of ether wee added 350 ml. of a
1.20 ¥ solution (0.42 mole) of n-butyllithium and the mixture
was heated szt the reflux temperature for 46 hours. Following

carbonation and work up as in the "Genersl procedure" section

there was collected 55.4 g. (91% of the theoretical yleld of
phenoxathiindicaerboxylic acid) of yellow »nroduct melting over
the renge 250«2950.

The crude product wag digested with refluxing glacial
acetic acld, a solvent which dlseolved most of the material,
Subseguent to hot filtration there was removed from the
filter paper =z bright, canary-yellow powder which melted at
352-354°, with decomposition. The melting polnt of the
yellow product, later shown to be that of 1,6-phenoxathiin-
dicarboxylic acld, wee not changed by a recrystallization
from methyl cellosolve., The materlal which was soluble in
the acetic aclild was nurified 1little by one crystallization
from this solvent. The melting range of 263-293° indicsted
that also some of the higher melting (354°) acid had dissolved
in the acetlic acild., After many recryetallizations from
methyl ethyl ketone and from dilute acetic aclid, there was
obtained s smgll amount of the pure acid melting at 266-267°.
Since the purification proceess was very long and of an

exploratory nature, the yleld was not significant.
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Run III. To a refluxing, stirred solution of 40,0 g.
(0.20 mole) of phenoxathiin in 100 ml. of ether was added
375 ml, of a 1,17 M solution (0,44 mole) of n-butyllithium
and the mixture was stirred at the reflux temperature for
40 hours. The mixture was carbonated and worked up according

to the method described in the “Genersl procedure” section.

The crude, yellow acld mixture, 54.5 g., (95%) melting
range 221-2750, was extracted with benzene in & Soxhlet ex-
tractor in order to remove the more eoluble 4-phenoxathiin-
carboxylic acid. None of the monocarboxylic acid was 1solated
from the benzene extract., Removed from the Soxhlet thimble was
6.0 g. of benzene-insoluble s0lid which melted over the range
240-267°. The solid was dissolved in 10% potaseium hydroxide
gsolution and to the vigorously stirred, pale orange solution
was added slowly enough dllute acetlic acld to precipltate
moet of the dull yellow acid. Following collection of the
product, which weighed 33.0 g. &nd melted over the range 260-
2830, the filtrate was further acidified with dilute hydro-
chloric acid. The bright canary yellow product weighed
16.0 g. and melted over the range 295-316°. (Since a total
welght of 49.0 g. was obtained, there may have been approxi-
mately 3 g. of occluded salts.) The material melting over
the range 260-283° waeg redissolved 1in dilute potassium

hydroxide solutlon and the partial acidification process
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was repeated. There was collected 24.6 g. of dull yellow
matericl, melting range 256-266°, and 4.4 g. of bright yellow
5011d melting over the range 267-318Y. The last batch was
combined with the 16-g. fraction and the mixture was digested
with 60% scetic acid. Upon filtration of the acetic acid
suspension there was c¢ollected 9.6 g. of yellow solid which
melted over the range 318-3320. The acetic acid filtrate

was cooled and there was obtained 2,9 g. of yellow crystals
melting over the range 246-267°.

Crystallization from 60% acetic acld of the material
melting over the range 256-26?° gave three fractlione having
the following weights and melting ranges: 5.1 g., 264-2689;
14.9 g., 267-270°, and 2.1 g., 253-260°, The first two
fractions, 20.0 g., represented a 34.7% yleld of relatively
pure 4,6-phenoxathiindicarboxylic acid. An enelyticel sample,
one which had been esuccessively recrystallized from glacial
acetlc acld and methyl ethyl ketone with no change in melting
point, melted at 266-267".

Anal. Calcd. for Cy,HgOgS: C, 58.33; H, 2.80; S, 11.12;
neut. equiv,, 144, Found: C, 58.31, 58.52; H, 2.99, 2.90;
8, 11.01, 11.08; neut. equiv,., 144, 146,

The material which melted over a range at temperatures
above 300° wasg recrystallized from a large volume of agueous

acetone, There were obtained fractions with the following
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weights and melting rangese: 5.1 g., 340-346%; 0.9 g., 334~
339°; and 3.9 g., 318-32&0. Decomnosgition accompanied
melting in all three ceses. The welght of 5.1 g. rerresents
an 8.9% yleld of relatively pure 1,6-phenoxathiindicarboxylic
acid., This material did not depress the melting point of a
gample (m.p. 351-353°, with decomposition) which was obtained
by subsequent recrystallizstion from methyl cellosolve, Dif-
ficulty wes encountered in reproducing the melting points

of 1,6-phenoxathiindicarboxylic acid due to the high melting
point and the accompanying decompogition of the sample at
this temperature., For this reason the dimethyl ester, a
compound which melted at a convenlent temperature, was pre-

pared. (See "Preparstion of dimethyl 1,6-phenoxesthiindi-

carboxylate",) The analytical data for 1,68-~henoxathiindi-
carboxyllc acld are given below,

Anal, Calcd, for CIMHBOSS: S, 11.12; neut, equiv.,
144, Found: S, 11.04, 10.97; neut. equiv., 144,5, 141.5.

The stepwise scidification method for the separztion
of the two sclds was c¢rude and hichly empiricel. However,
being a method utilizing a chemical rather than physicsal
properties, it wee belleved to be more efficlent than frac-
tionel recryetallization, a procedure which was either
ineffectlve or wvas accompanied by loss of large quantities

of products, There were discernible, though slight,
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differences in the colors and the apparent acld strengths

of the two isomeric nroducts. The bright canary yellow acid
eppeared to precipitete only sfter & considerable amount of
the dilute hydrochloric (or acetic) acid was szdded to the
8alt solution. Though these differencee in properties were
not sufficient to facilitate a quantitative separztion of
the two acids, it ie vprobsble that, with the proper utiliza-
tion of theee propertles, & more efficlent separstion than
the one described can be effected., Thie improvement may
entall the use of sodlum or notassium bicarbonate as the base
in whlch the seld mixture 1s dissolved., Such a buffered mix-
ture may allow the more complete precipitation of the firset
acid before the acidity of the mixture is incressed anough
to cause precipltation of the second acid. Also, by fllter-
ing more fractions of acld during the stepwise scidification,
one may be able to effect a shorper separation and obtain
more of the relatively pure acilds before resorting to re-

crystallization.

Reaction of phenoxathiin with methylliithium

Methyllithium wae employed zg a metalating agent 1in
the course of attempts to limit the metalation of phenoxa-

thiin to formation of the monolithium derivative,
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To & etirred solution of 30.0 g. (0.15%5 mole) of vhenoxa-
thiin in 150 ml., of ether was added 138 ml. of a 1.31 M ether
solution (0.18 mole) of methyllith.ium.lo8 After & 20-hour
reflux period the mixture was carbonated and worked up by the

method described in the "General wrocedure® section., There

was obtained from the petroleum ether extrect 26.3 g. (87.7%
recovery) of phenoxethiin. The yleld of crude 4-phenoxathi-
incarboxylic acld melting &t 169--1?2o was 3.4 g. (9.3%).
After one recrystallization from glacial acetic acid there
wag collected 2.7 g. of rure 4-vhenoxathiincarboxylic acid,
m.p. and mixed m.p. 171-1730.

When two molar equivalente of methyllithium were em-~
ployed in the reéctlon, the yleld of crude vproduct, m.p. 169~
172%, wae 11.6%. Yo interfering quantity of dicarboxylic
acid wae formed., This crude »roduct wag much more readily
purified than was the crude acld mixture which was produced

upon metalation with one equivalent of n-butyllithium.

Reaction of phenoxathiin with four equivaslents of
f-butyllithium

This experiment wss carried out under the conditions

employed in the halogen-metel interconversion reaction

108y, @ilman, E. A. Zoellner and W, M. Selby, J. Am,
them, Soc., 535, 1252 (1933). -
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between 2-bromophenoxathiin (m.p. 58-59°) and four equiva-
lents of g-butylllthium.su Phenoxathiin was substituted for
2-bromophenoxathiin to determine whether extensive metalation
would occur under these conditions,

To a stirred solution of 3.6 g. (0.018 mole) of phen-
oxathiin in 50 ml. of dry benzene wae added 58.5 ml. of &
1.28 M solution (0,072 mole) of n-butyllithium over a period
of 5 minutes., The mixture was refluxed for 15 minutes and
then carbonated., After the carbonation mixture had wsrmed
to room temperature, 200 ml., of water was added and the mix-
ture was stirred and filtered., The leayere were separated
and the aqueous layer wes extracted with ether., Following
removal of the dissolved ether, the aqueous solutlion was
treated with Norit-A, flltered and scidiflied. The dry,
yellow solld welghed 2.83 g. (64.3% of theoretical if only
phenoxathiincarboxylic acld) and melted over the range 155-
240°, The neutralization equivalent of the mixture, deter-
mined by two titrations with standard base, was found to be
219-219.5. It was assumed that the mixture consisted of
h-phenoxathiindicasrboxylic acids, neut. equiv, 244, and
phenoxathiindlcarboxylic aclds, neut. equiv. 144, Celcula-
tions based upon the three neutralizations equlvelents
revealed thet the mixture consisted of 84% mono- and 16%

dicarboxylic acid.
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Thus, 1t 1s probable that an sttempted halogen-metal
interconveresion reaction carried out under the above condi-
tions would be saccompanied by both mono- and dimetalation

as side resctions.

Reaction of phenoxathiin with phenylcalcium iodide

To a etirred solution of 32.0 g. (0.16 mole) of phenoxa-
thiin in 150 ml. of ether was added 360 ml, of a 0,46 M
ethereal solution (0.16 mole) of phenylcalcium iodide.lo9
After a 38-hour reflux perlod the mixture was carbonsted.
When the dry carbonation mixture had been extracted with
petroleum ether, the brown solid was removed from the Soxhlet
thimble, the solvent was evaporated, the s£0lld wae stirred
with water and the mixture was filtered. A water-insoluble
brown solid was collected and the flltrate was acldified.
There was obtained 0.5 g. of pale yellow acid which melted
over the range 160-165°. After recrystallization from 50%
ethenol and then from 50% acetic acid there was isolsted
0.10 g. of 4-phenoxathiincarboxylic acid, m.p. and mixed

mopo 169. 5"171. 500

109p, L. Esmay, Unoublished Ph.D. Thesis, Iowa State
College Library, 1951.
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The water-lnsoluble brown solld was stirred with water
and the mixture was acldifled. Upon filtration there wae
obtained 2.8 g. of a sticky, brown material which was sub-
sequently dissolved in hot ethanol, the solution treated
with Norit-A and flltered. Crystallization d4id not take
place in abeolute ethanol. When the solution was diluted
with water a black oil and yellow-brown crystale separsted.
The crystale were decanted from the oll, collected, and re-
crystallized from 50% acetlc scid. There was obtained 0.1 g.
of yellowish-brown cryctals, m.p. 253-256°., & mixture of
this material and h,6-phenoxathiindlcarboxyllc acid (m.p.
266-267°) melted at 259-261°. The infrared spectra, deter-
mined on Nujol mulls of the two samples, contained no elig-
nificant differences.

From the sample tray of Van Esss4 there was procured
a small amount of grey-brown needles which had been prepared
by metalation of phenoxathiin with phenylcalcium lodide. A
mixture of this acid (m.p. reported 260—2620, found 258-259°,
with decomposition) and 4,6-phenoxathiindicarboxylic acid
(m.p. 266-267 ) melted at 258-260°, with decomposition.

Preparation of dimethyl 4,6 6-phenoxathiindicarboxylate

To a cold, swirled, ethereal solution of approximately
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0.084 mole of dlazomethanell® wae addea portion-wise 4,03 g.
(0.014 mole) of 4,6~-henoxathiindicarboxylic acid (m.p. 266~
267°). Following evaporation of the ether, the crude prod-
uct, m.p. 81—830, wae recrystellized from 10-15 ml. of
methenol to yield 3.70 g. (83.5%) of pale yellow crystals,
m.p. 81.5—82.50. From & subsequent recryetallization there
wag obtalned 3.52 g. (79.5%) of pure dimethyl 4,6-phenoxa-
thiindicarboxylate, m.p. 82.5—830.

Anal, Calcd. for 016H12058: g, 10,13, Found: 85,
9.72, 9.82,

Preparation of dimethyl 1,6-vhenoxathiindicarboxylate

The reaction was carrled out according to the procedure
employed in the preceding prenaration. There wse obtained
4L.,45 g, of yellow solid, melting range 136-140°, which was
recrystallized three times from large volumes of methanol
to yield 2.65 g. of glistening, yellow pletes, m.p. 150-
151.50. After a final recrystallization from 75 ml. of
absolute ethanol there was obtained 2.55 g. (57.5%) of di-
methyl 1,6-phenoxathiindicarboxylate, m.p. 150.5-151.5°.

lloF. Arndt, in "Organic Synthesee®, Coll. Vol., 2,
John ¥Wiley and Sons, Inc., New York, N. Y., 1943, p. 165.
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Anal, Celed. for CygH),0¢8: S, 10.13. Found: 8,
10.11, 10,08.

The low yleld may be attributed either to incomplete
esterification due to the insoclubility of both the acid and
the ester in ether or to loes during the several recrystal-

lizations from large volumes of methanol,

Esterification of a mixture of phenoxathiindlcarboxylic

acids

An attempt was made to separate 1,6~ and 4,6-phenoxa-
thiindicarboxylic acid by way of the dimethyl esters. Crys-
tallizetion from methanol appeared to be the ideal method
of separation since the pure 4,6-ester, m.p. 82.5~830, was
fifty to one-hundred times more soluble than was the pure
1,6-ester, m.p. 150.5-151.5°.

To an ethereal solution of approximately 0,34 mole of
diazomethane was added 8.06 g. (0.06 mole) of the powdered
mixture of acids meltling over the range 230-2650. After
the ether had evaporated an attempt was made to recrystallize
the residue from methanol. 0iling occurred even when crys-
tallization was attempted from a dilute solution. No success
was had when a crystal of the less eolubie ester wae added

to induce crystallization of this product. Further attempte
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to separate the esters by use of petroleum ether (b.p. 60-

o
70" ) as a solvent were unsuccessful.,

Reaction of phenoxathiin-10-oxide with n-butyllithium

The results of nine runs of the reaction of phenoxathiin-
10-oxide with n-butyllithium are summarized in Table 9 on the
following page. Descriptions of four renresentative exreri-
mental procedures appear ilmmediately after the table., The
reactlon, which in several cases yielded at least six

rroducts, 1s 1llustrsted by the equation below.

S
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Table 9. Reaction of phenoxathiin-l0-oxide with
n-butyllithium

Equivalente Tgmp., Products, %

of n~CyHgLi C. I IT  III IV v VI
1 -50 37 b 18 -— &
2 ~50 140 2 a a 37¢ d
2 -50 19 2 a 15 13 a
3 -50 17P 1 a & 3% 13
3 -50 25 6 s 12 17 7
3 -50 12P a a a 31¢
1 -20,20 Lot - a - — -
2 -20,20 14 16 ) - ee- -
3 -20,20 e 21 e - ee- -

8No 1solation attempt made,
bSeparated from III by crystallizstion.

cngh ylelde belleved due to rapid addition of ngAHgLi
to a concentrated mixture,

dDiatllled as an azeotrope; derivatized, but not
leolated quantitatively.

€A large amount of oil remained after removal of the
extraction solvent, Separation into I and III by vacuum
distillation not attempted.
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Reaction of phenoxathiin-l0-oxide with three eguivalents of

f-butyllithium at -50°

To a stirred suspension of 43.3 g. (0.20 mole) of
phenoxathiin-10-oxide in 350 ml. of ether at -50° was added
543 ml. of a 1.18 M solution (0.64 mole) of p-butyllithium
over a period of 45 minutes. All the solid had dissolved
after the second equivalent had been added. Color Test I111
was posltive throughout, but Color Test II became positive
only after the addition of the third equiveslent and remained
poeitive after 45 minutes at -50 + 50. The mixture was
poured into a stirred slurry of ether-Dry Ice. After the
ether had evaporated the golid carbonation mixture was ex-
tracted for 24 houre in & Soxhlet extractor with petroleum
ether (b.p. 60-70°), The extract was dried and the solvent
wag distilled, The reslidue was distilled at 1.0 mm, to
yield 4.6 g. (13.5%) or diphenyl ether, b.p. 78-80°, and
9.8 g. (24,5%) of phenoxathiin, b.p. 120-121°%, m.p. and mixed
m.p. with an authentic sample 56—570. The identity of the
diphenyl ether was proven by convereion to 4,4'-dibromodi-

phenyl ether, This bromination product showed no depression

in m.Dp. (59-600) with an authentic specimen., The solld from

( tllﬁ. Gilman and F., Schulze, J, Am, Chem, Soc., 47, 200z
1925).
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the Soxhlet thimble was stirred with water, the mixture
filtered and the yellow aqueous solutlon was extracted with
ether to remove oilly materisl. Following removal of dissolved
ether from the salt solution, the latter was stirred with
Norit-A, filtered and acidified with dilute hydrochloric acid.
The sticky acld was collected and the filtrate saturated with
sodlum chloride and extracted with pentane. Thre acid was
dissolved in dilute alkali and reprecipitated twice, the
aqueous filltrate being extracted with pentane both times.

The s0lld acid was stirred with 150 ml. of warm benzene, the
mixture wae allowed to cool and then filtered to yleld 9.8 g.
of white ego0lld, melting range 220-227°. After crystalliza-
tion from methyl ethyl ketone there was obtalined 8.6 g.
(16.7%) of 2,2'-dicarboxydiphenyl ether, m.p. and mixed m.p.
with an authentic specimen,l12 229—230°. The benzene solu-
tion was extracted with four 75-ml. portions of 5% sodium
hydroxide solution and the warm extract wag acidified, The
acldlic mixture was bolled and the supernatant liquld was
flltered. Extraction was repeated 5 times with 200-ml.
portions of hot water, ©Subsequent to cooling and filltration
there was obtalned 6.4 g. of s0lild melting over the range

98-103°, The product was recrystallized from hot water to

112y 3141y provided by Dr. R. H. F. Manske.
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yleld 4.9 g. (11.5%) of 2-carboxydiphenyl ether, m.v». and
mixed m.p., 113—1140. The residue from the hot water extrac-
tion was washed with petroleum ether (b.p. 60-70°) and then
crystallized twice from dilute acetic acid to yleld 2.7 g.
(5.5%) of l-phenoxathiincarboxylic acidall3d, m.p. and mixed
m.p. 223-224,5°.

Distillatlion of the pentane extract of the acidle,
aqueous filtrate ylelded 1.2 g. (6.7%) of n-butyl mercaptan
(b.p. 82-86°), characterized as tne mercury salt which did
not depress the melting point of an suthentic specimen of

mercury di-n-butyl mercaptlde.llu

Reaction of phenoxathiin-l0-oxide with two equivalente of
n-butyllithium at -50°

To a stirred suspension of 32.4 g. (0.15 mole) of
phenoxathiin-10-oxide in 300 ml. of ether at -50° was added
288 ml., of a 1.10 M solution (0.32 mole) of n-butyllithium
over a period of 1 hour. The nmixture was stirred at -50°
for 70 minutes and then carbonated. By worklng up the car-

bonation mixture as descrlibed in the preceding experiment,

113an authentic specimen was kindly provided by Dr.
D. A. 8Bhirley.

11kg, Wertheim, J, Am. Chem. Soc,, 51, 3661 (1929).
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except thet phenoxathiin waes 1solated by crystallization and
no attempt was mede to 1isolate the diphenyl ether or the
mercaptan, there were obtained 5.8 g. (19.3%) of phenoxa-
thiin, 5.1 g. (13.2%) of 2,2'-dlocarboxydiphenyl ether, 3.7 g.
(15.1%) of 2-carboxydiphenyl ether and 0.7 g. (1.9%) of 1-

phenoxathiincarboxylic acid.

Reaction of phenoxsthiin-10-oxide with one eguivalent of
p-butyllithium at -50°

To a stirred suspension of 21.6 g. (0,10 mole) of
phenoxathiin-10-oxide in 200 ml, of ether at -50° was added
81 ml, of a 1.35 M eolution (0.1l mole) of n-butyllithium
over a perlod of 15 minutes. After 1 hour of stirring at
-50° + 50 the mixture was carbonated. The procedure de-
scribed for the reaction involving three equivalents was
followed in the lgolation of 3.0 g. (17.6%) of diphenyl
ether, 7.4 g, (37.0%) of phenoxathiin, 1.7 g. (8.0%) of
2-carboxydiphenyl ether and 1.0 g. (4,1%) of l-phenoxathiin-

carboxylic acid.

Reaction of phenoxathiin-l10-oxide with two eguivalents of
a-butyllithium at -20°, room temperature

The seme procedure wes used ae& in the reaction carried
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out at -50° (see p. 140) except that the neutral compounds
were isolated by vacuum dletillation. The n-butyllithium
solution was added at -20° and the mixture was kept at this
temperature for S houre; then it was allowed to warm to room
temperature prior to carbonation. There were obtained 4.2 g.
(14,0%) of phenoxathiin, 10.8 g. (42.4%) of diphenyl ether
end 5.8 g. (15.8%) of l-phenoxathiincarboxylic acid. The
presence of n-butylmercavtan was not appsarent, and therefore

no attempt was msde to isolate it.

Reaction of phenoxathiin-10-oxide with three equivalente of

n-~butyliithium at room temperature

To a stirred suspension of 21.6 g. (0.10 mole) of phen-

oxathiin-10-oxide in 200 ml., of ether wee added 240 ml, of

a 1.33 M solution (0.32 mole) of n-butyllithium over a period
of 1.25 hours. The heat of the reaction malintained a very
gentle reflux during the addition of the firet two equiva-
lente. Luring the course of the additicn the suepension
changed in color from yellow to brown. After 5 hours of
stirring the mixture wae carbonated and worked up ae in the

"General procedure" section,

The petroleum ether extract wae dried and concentrated
by distilletion. There remalned a yellow-orange o1l which

failed to crystallize.
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The galt solution ylelded a yellow acld which was col-
lected, dilseolved in dilute potassium hydroxide solution and
reprecipitated by dilute hydrochlorlc scld. The vproduct was
contaminated by oily Aimpuritiees which were subsequently re-
moved by digestion with petroleum ether (b.p. 60-70°). The
greenigh-yellow s8olld was digested with refluxing glaclal
acetlc acid and the susrension was filtered while hot. The
acetic acid-insoluble solid was removed from the filter
paper and recrystallized from methyl cellosolve to yleld
2.3 g. (8.0%) of 1,6-phenoxathilndicarboxylic acid, m.p.
and mixed m,p. 348-350°, with decomposition,

When the acetic acld filtrate was cooled there separated
4,0 g. of a sticky, yellow solid which was subsequently re-
crystallized from glaclal acetlic aclid to yileld a solld and
a yellowish-brown oll. The solid, which weighed 1.2 g. and
melted over the range 200-over 2500, probably conelsted of

e mixture of eseveral aclds.

tion of e sthiin-10-oxide with three uivalents o
methyllithium at -20°, 0°

To = stirred suspension of 30.2 g. (0.14 irole) of
phenoxathlin-10-oxide in 250 ml. of ether at -20° was added

565 ml. of & 0.815 M solution (0.46 mole) of methyllithium,l08
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The mixture became light orange in color during the addition
of the firet molar equivalent, but little change was obgerved
during the addition of the last two equivalents, The addi-
tion was carried out over a l.5-hour period, after which the
mixture was allowed to warm to 0° over a period of 1 hour.

No color change was apparent during thie time. Color Test

I waee positive at the time of carbonation.

The pale pink casrbonation mixture was allowed to stand
until most of the ether had evaporated. There remalned a
sticky, reddish-brown mixture which was digested with petrole-
um ether (b.p. 60-70°) until the solid wae dry enough to be
placed in a Soxhlet extractor where 1t was extracted with
petroleum ether., The red, petroleum ether extract was con-
centrated and allowed to cool. There was collected 16.3 g.
(58.2%) of phenoxathiin which wss identified by a mixed
melting point determination.

The reddish-brown solid from the Soxhlet thimble was
gtirred with water and the aqueous mixture was flltered.
Collected on the fllter paper was a s0lld which was recrys-
tallized from benzene (with Norit-A treatment) to yield
4.9 g. (16.2% recovery) of phenoxathiin-10-oxide, m.p. and
mixed m.p. l53~155°.

The cloudy, aqueous extract wae subjected to an ether

extraction which removed a emall amount of colored impurities.
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Following the removal of dissolved ether, the aqueous solu-
tion wae scidified and s small amount of gummy, rust-colored
material was collected, redlesolved in vpotsesium hydroxide
eolution end the resulting mixture was slowly acidifled., A
granular, white solid first appeared, but, upon addition of
more acld, a sticky, yellow material separated. The product
vae collected and cryetallized from benzene, but wae again
contaminated by olly impurities. The amount of acid present
was consldered too small to warrent further separation
attempte.

The squeous mother liquor from the firet preclpitation
of the acid by dilute hydrochloric acid was red-colored and
was belleved to contain sdditional product. An ether ex-
traction was made and, followilng drying, the extract was

concentrated. The resldual red oll wae not investigated.

Reactlon of phenoxsthiin-l10-oxide with three eguivslents of
methyllithium at 35°

To a stirred suepension of 27.0 g. (0.125 mole) of
phenoxathiin-10-oxide in 250 ml., of ether wae added 425 ml.
of a 0,97 M solution (0.41 mole) of methyllithium over a
period of 2 houre. The reaction mlxture wae refluxed for

30 minutee and poured into a Dry Ice-ether slurry. The
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carbonation mixture weae sllowed to stand overnight, was
c¢tirred with water and filtered to remove 10.6 g. (39.7%
recovery) of phenoxathiin-10-oxide, m.p. and mixed m.p.
155-156.50. The layere were separated and the ethereal
layer wae dried and concentrated by distillstion, There
remalned as a resldue several grame of s sticky, foul-
smelling, yellow-orange esolid., The material was belleved
to be principally phenoxathiin, contaminated by methyl
mercaptan and other sulfur-containing by-products.

Following the removel of the dlssolved ether, the aque-
ous lsyer wag stirred with Norit-A, filtered and acidified.
The yellow product was collected, redlesolved in dilute
alkali end reprecipitated. After the 3.6 g. of yellow solid
was collected and recrystallized from methanol, there was
obtalned 1.9 g. of l-phenoxathiincarboxylic acid, m.p. and
mixed m.p. 222-223°.

D-butyllithium

To a stirred suspeneion of 46.4 g. (0.20 mole) of
phenoxathiin-10-diox1de in 250 ml. of ether at -45° was =dded
320 ml, of & 1.33 M solution (0.43 mole) of n-butyllithium.

After 3 hours at -45 * % the mixture was allowed to warm
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to --10o over a perlod of 1 hour. The yellow-orange suspen-
slon was poured into a stirred slurry of ether and Iry Ice.
The mixture was sllowed to warm to room temperature and the
ether wae removed by decantation., The white solld was dis-
solved in water and the filtered solutlon was acidifiled to
yield 55.1 g. of finely divided, white so0lid which melted
over the range 336-3420. Concentration of the aqueous fil-
trate yielded an additionel crop of 4.1 g. of oroduct. The
total weight of acid, 59.2 g., revresented a 92.5% yleld of
crude 1,9-phenoxathiindicarboxylic aecid 10-dioxide, After
two recrystallizatione from large volumes of methanol there
was obtained 33.4 g. (52.2%) of 1,9-phenoxathiindicsrboxylic
acid 10~dioxide, m.p, 354-3579, with decompoeition. Another
recrystallization from methanol did not change the melting
point.

Anal, Celed. for C14H807S: g, 10.01; neut. equiv.,
160, Found: S, 9.82, 10.12; neut. equiv., 159, 159,

One of the small crope, 10.5 g., melting range 255-330°,
obtalned in the fractional recrystallization process, ylelded
9.8 g. of white crystals, melting range 332—3420, efter an-
other recrystallization from methanol. In a subsequent
exveriment 1t was found that ethyl acetate was a good solvent
for the separation of l-phenoxsthiincarboxylic acld 10-dioxide
&nd 1,9-phenoxathiindicerboxylic acid 10-dloxide.
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Reaction of phenoxathiin-10-dloxide with one and one-half

equivalents of p-butyllithium

Shirley and Leht059, who obtained l-rhenoxathiincar-
boxylic acid 10-dloxide in ylelds ranging from 40 to 46% from
the reaction of 0.10 moles of nhenoxathiin-10-dioxide with
0.10 mole of p-butyllithium, stated that "Increasing the
amount of n-butyllithium to 0.15 in the above procedure did
not increase the amount of metalation acid." Since 1,9~
phenoxathiindicarboxylic acid 10-dloxide 1g somewhat soluble
in water, it 1is belleved that the above workers missed this
product. No details were provided for the reaction employing
0.15 mole of p-butyllithium,

To a stlrred suspension of 23.2 g. (0.10 mole) of
phenoxathiin-10-dioxlide in 200 ml. of ether was sdded 155
ml. of & 0,97 M solution (0.15 mole) of n-butyllithium over
e period of 30 minutes. The orange suspension wase kept at
l1ce-bath temperature during the addition and for a subvse-
quent 4-hour period of etirring. (Shirley and Lehtos9 employed
a 2-hour period of stirring.) The ice-bath was removed and
stirring was continued for & 30-minute perlod, after which
the mixture was allowed to run slowly into a stirred slurry
of ether and Dry Ice. Following evaporation of the ether,

the white 80l1d was stirred with 1500 ml., of water and the
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mixture was filtered. (Shirley and Lehto added 500 ml, of
water to the mixture and separated the ether and aqueous
layers. This step was not believed to be necessary since
none of the expected products 1s soluble in ether.) Vhen
the flltered salt solution wes aclidified there wag obtalned
17.7 g. of product melting over the range 290-330°. The
aqueous filtrate was mede alkaline, concentrated to 400 ml.,
treated wlth Norit-A and filtered. Upon scidification there
formed 9.4 g. of product melting over the range 335—3410.

The mixture of 27.1 g. of white solld, melting range
290-3#10, wvag digested with 400 ml. of refluxing ethyl ace-
tate and the hot mixture wae flltered. Retalined on the
filter paper wes 19.9 g. of slightly impure 1,9-phenoxathiin-
dicarboxylic scid 10-dloxide, melting range 344-348°, Upon
concentration of the ethyl acetate solution there wag ob-
talned 5.8 g. of lmpure product melting over the range 212-
2220. The higher-melting fraction wae reerystallized twice
from methanol to yield 15.4 g. (48.1%) of 1,9-phenoxathiin-
dicarboxylic acid 10-dioxide, m.p. 350—3520, with decomposi-
tion. A mixed melting point with a sample of 1,9-phenoxa-
thiindicarboxylic acid 10-dioxide, obtained in the preceding
preparation was not depressed.

After the low-melting fraction was recrystallized twice
from 70% ethenol there waes obtained 4.1 g. (14.,9%) of 1-
phenoxathiincarboxylic acid 10-dioxide, m.p. 230-232°.
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The overall yleld of pure products was higher in this
experiment than in the preceding one in which two equivslents
of n-butyllithium were employed. Thils higher yield 1s prob-
ably due to the uee of ethyl acetate as the solvent for the

geeparatlion of the two &cids.

Reaction of phenoxathiin-10-dioxide with one equivelent of
methyllithium

This experiment was conducted in an attempt to find a
metalating agent which would effect only monometalation of
phenoxathiin-10-dloxide.

To a stirred suspension of 23.2 g. (0,10 mole) of
phenoxathiin-10-dioxide in 200 ml. of ether at 0-5° was added
84 ml, of & 1.31 M solution (0,10 mole) of methyll;thiumlos
over & period of 40 minutes. The pale orange suapenéion was
stirred at lce-bath temperature for 2 hours and then allowed
to warm to room tempersture over & period of 1 hour. Fol-
lowling carbonation and evaporation of the ether, the white
so0lid was stirred with 500 ml, of water and the wmixture was
filtered. There was collected 16.5 g. (77.1% recovery) of
crude phenoxathiin-10-dloxide, m,p. and mixed m.p. 142-146°,
The aqueous flltrate was acldified to yleld 8.8 g. of white
801id melting over the range 217-2#00. After one
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recrystallization from gleclal acetic acld there was obtained
6.8 g. of white crystals, melting range 220-240°, Recrystal-
1ization from 95% ethanol ylelded 5.0 g. (18.1%) of 1-
phenoxathiincarboxylic acid 10-dioxide, m.p. and mixed m.p.
228-2310. The aqueoues solution was concentrated and there
wae collected 0.9 g. (2.8%) of crude 1,9-phenoxathiindicarb-
oxylic acid 10-dloxide, melting range 338-3420, with

decomposition,

Reaction of phenoxathiln-10-dioxide with phenylcaleclium
iodlide in tetrahydrofuran

To & stirred mixture of 46.4 g. (0.20 mole) of phenoxa-
thiin-10-dioxide and 200 ml., of anhydrous tetrahydrofuran
at 0° was added 255 ml. of a 0.86 M tetrahydrofuran solution
(0.22 mole) of phenylcalcium iodide. After the half-hour
addition perlod, followed by 2 hours at 0° and 2.5 hourz at
room temperature, the mixture was carbonated. The solvent
was evaporated from the carbonation mixture, leaving a
brownish~-red, sticky mass which was digested with petroleum
ether (b.p. 28-38°) until moet of the olly material was re-
moved., The resulting solld wae stirred with 1 liter of
water and the insoluble material wasg removed by filtration.

The colored, aqueous filltrate was concentrated to 600 ml.,
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cooled and acidifled to yleld 10.9 g. of pale brown product
melting over the range 205-2110. After two recrystalliza-
tione from 60% ethanol there was obtained 5.1 g. (9.3%) of
l-phenoxathiincarboxylic acid 10-dioxlde, m.p. and mixed m.p.
230»2320.

Preparation of dimethyl 1,9-phenoxathiindicarboxylate
10-dloxide

To a cold, vigorously swirled, ethereal solutlion of
approximately 0.06 mole of diazomethane was added portion-
wise 3.2 g. (0.01 mole) of 1,9-phenoxathiindicarboxylic acid
10-dioxide (m.p. 350-3520, with decomposition). The mixture
was a8llowed to stand for approximately 30 hours. Addlitional
ether was added and the mixture was flltered, Upon evapora-
tion of the ether there was collected 0.4 g. of white crys-
tals, melting range 160-1670. After one recrystallization
from methanol there was obtained 0.3 g. of slightly impure
dimethyl 1,9-phenoxathiindicarboxylate 10-dioxide, m.p.
165.5-168°.

The dry, white, ether-insoluble solld was stirred with
5% sodium carbonate solution and the insoluble solid was col-
lected by filltration and washed with water. The sodium

carbonate filtrate was acidified and there was collected
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0.80 g. (25.0% recovery) of 1,9-phenoxathiindicarboxylic
acld 10-dioxide, identifled by & mixed melting w»oint deter-
mination,

The solid which was 1insoluble in sodium carbonate
weighed 2.4 g. and melted over the range 167-2250. It was
digested with 30 ml. of methenol and the hot mixture was
filtered. Following crystellization there was collected
1.6 go (46.0%) of dimethyl 1,9-phenoxathiindicarboxylate
10-dioxide, m.p. 170-171°. An additional recryetallization
from methanol did not chesnge the melting point,

Anal, Caled. for CygHyjp0p8: 8, 9.20. Found: S, 9.07,
9.08.

Preparation of diethyl 1,9-phenoxathiindicarboxylate 10-

dloxide

Into = 500-ml., three-necked flask fitted with a stopper,
& stirrer and a reflux condenser equipped with a drying tube
were placed 18.01 g. (0.05 mole) of 1,9-phenoxathiindicarb-
oxylic acid 10-dioxide (m.p. 350-352°, with decomposition)
and a solution of 100 g. of hydrogen chloride in 200 g. of
abesolute ethanol., The acid dissolved after the mixture had
been stirred for 3 hourse at the reflux temperature, After

& 1l6-hour perlod of refluxing most of the ethanol was
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dlstilled from the flask, The residual white eo0lld was
stirred with sodium bicarbonate solution and the mixture wae
filtered. Acidificetion of the filtrate yielded 1.0 g. of
crystale, m.p. 206-207°, Thie material was not identifled.

There was collected, following the sodium bilcarbonate
extraction, 16.4 g. of crude ester, melting range 138-1420,
which was recrystallized from 50% ethanol to yleld 14.2 g.,
M.D. 140-1#1.50. . recrystsllization from 80% ethenol
yielded 12.8 g. {(68.1%) of dlethyl 1,9-phenoxsthilndicarb-
oxylete 10-dioxide, m.p. 143-1&3.50. The melting point was
not eltered by snother recrystallization from 80% ethanol.

£nel, Calcd, for C1851607S: 8, 8.52. Found: &, 8,52,
8.42,

Reaction of diphenyl ether with two equivalents of p-~

butyliithium

It was belleved that n-butyllithium cleaved phenoxsthiin-
10-oxide at -50° to give 2,2'-dilithiodiphenyl ether, which
subsequently metalated phenoxathlin-l0-oxide when the resc-
tion wae carried out at -20° to 20°, To test the nostulate,
the reaction between preformed 2,2'-dilithlodiphenyl ether
and phenoxathiin-10-ox1ide was investigated. On the baeils

of the metalation studles of K., Olta 1t was assumed that
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2,2'-d1lithiodiphenyl ether was formed from diphenyl ether
in approximately 60% yield.

To a stirred solution of 28.7 g. (0.166 mole) of d4i-
phenyl ether in 200 ml. of ether was added 235 ml, of a 1.42
M solution (0,333 mole) of n-butyllithium and the mixture
was refluxed for 130 hours. Color Test II waes faintly posi-
tive after 114 hours of refluxing. A S-ml., aliquot of the
mixture was withdrawn, cerbonated and worked up to yield
0.54 g., melting range 115-170° and 0,16 g., melting range
168-2020. The melting rance suggests a mixture of 2-cerboxy-
and 2,2'-dlcarboxydiiphenyl ether. (A neutralization equiva-
lent performed on the crude mixture of aclids would have
given a very good indicstlon of the relative amounts of
mono- and dicarboxylic acld present. Unfortunately, this
operation wae omitted.) The suspension of 2,2'-dilithicdi-

phenyl ether was used in the following experiment.

Reaction of phenoxathiin-10-oxide with 2,2'-dilithiodiphenyl

ether

To a stirred suspension of 21.6 g. (0.10 mole) of
phenoxathiin-10-oxide in 200 ml., of ether at -20° was added
the suspension of 2,2'~-dilithlodiphenyl ether (theoretical-

0.10 mole) over & period of 1 hour. After 5 hours at
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-20 * 5° the orange-pink mixture was sllowed to warm to 20°
over a period of 1 hour and then carbonated.

¥hen all the ether had evaporated from the carbonation
mixture the dry so0lid wes extracted overnlght in a Soxhlet
extractor with petroleum ether (b.p., 60-70°). The solvent-
free solid from the Soxhlet thimble was stirred with water.
The sticky material did not dlissolve in water or in ether
or in a mixture of the two golvents. After long heating in
& mixture of water and acetone, most of the material dissolved
and the mixture was filtered. When the flltrate waes bolled
to remove the acetone, & stlcky, reddish-brown material
separzted, The suvernatant salt solution wae decanted from
the reeinoue material. The latter subsequently came down
as an oll after attempted crystallization from ethanol and
from benzene.

The salt solution, following treatment with Norit-A and
filtration, was acldified to yleld sn oily material. The
aqueous solution was decanted from the product and the latter
was dissolved in dllute sodium hydroxide solution. Into the
slkaline solution was bubbled carbon dloxide, causing the
precipitation of & stlicky, tan-colored, semi-g0lld materisl.
The phenolic material was removed from the mixture by ex-
traction first with benzene and then with ether. Concentra-

tion of the extracte ylelded a reddish-brown oil and 0.1 g.
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of white crystals, m.p. 1#9-1520. Unsuccessful attempts
were made to crystallize the reddlsh-brown phenolic material.

The salt solution, from which phenolic materials had
been removed, was heated to expel diesolved solvente and was
acldified. There was collected 19.0 g. of product, melting
range 100-1690, which was dlgested with benzene and the mix-
ture was flltered, The ineoluble resldue weighed 1.5 g. and
melted over the range 231-2360, with decomposltion. The
benzene filtrate wars extracted with dilute sodium hydroxide
solution and the extract wae acidified to yield 17.0 g. of
white 80l1d melting over the range 104-120°, The white so0lld
was extracted with petroleum ether (b.p. 60-70°) in a Soxhlet
extractor. After three extractiones over an extended period
of time, there wae obtained from the extract a total of
13.2 g. (61.7% vpesed upon 0,10 mole of 2-lithiodiphenyl
ether) of 2-carboxydiphenyl ether, m.p. and mixed m,p. 112-
113.5%.

The benzene-ineoluble 80lid which weighed 1.5 g.
(melting range 231-236°) wae recrystallized from methanol-
water (2:1) to yleld 0.75 g. of white crystale of l-phenoxa-
thiinecarboxylic scid 1l0-oxide, m.v. 2620, with decompoelition.
A mixed melting voint with an suthentic sample prepared by

oxidation of l-phenoxathilncarboxylic acld was not depressed.



158
Reactions Involving 2-Substituted Phenoxathlins

Friedel-Crafts acetylation of phenoxathilnzz'25'35'52'65

Run I. 1Into s one-liter, four-necked flask fitted with
a stirrer, a reflux condenser, & thermometer and a gradusted
separatory funnel conteining a solution of 40.0 g. (0.51
mole) of acetyl chloride in 200 ml. of dry carbon disulfide
were placed 100.0 g. (0.50 mole) of phenoxathiln, 80.0 g.
(0.60 mole) of anhydrous aluminum chloride and 300 ml. of
dry carbon disulfide. The acetyl chloride solution wes added
to the stirred mixture at 30° over & period of 5 hours.
Immediately following the addition the tarry mixture became
so viscous that it could not be stirred. The reaction mix-
ture was allowed to stand overnight and was poured into a
getirred mixture of ice and hydrochloric acid. After fil-
tration had removed a small amount of sticky material, the
layers were geparated and the carbon disulfide layer was
washed with dilute eodiun bicarbonate solution and with
water. The carbon disulfide solution was dried over Drierite
znd transferred to a distillation flask from which were
distilled the carbon disulflide at atmospheric pressure, fol-
lowed by the principal fraction at a pressure of 0,6 mm,

There wae collected €9.1 g. of distillate whlch boilled over
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the range 116-130°. The vesidue which remained in the die-
tillatlon flask would not distill at s »nressure of 0.01i mm,
snd & bath temperature of 230°.

A solution of the distillate in petroleum ether (Db.v.
60-700) wvag alloved %o percolate through a chromatography
column packed with anhydrous slumina. After elution with
petroleum ether there was collected 58.7 g. (58.7% recovery)
of phenoxathlilin, m.p. and mixed m.p. 56-570. Elutlon with
e mixture of ethanol and vetroleum ether yielded a sticky,
yellow materisl which was crystallized from ethanol. The
yellow cryetals welghed 1.6 g. and melted over the range
100-1100. No pure product was obteined,.

RBun II. In a one-liter, four-necked flask fitted with
a stirrer, & reflux condenser, & thermometer and a senaratory
funnel contelning a sgolution of 100.0 g. (0.50 mole) of
phenoxathiln and 41.0 g. (0,52 mole) of acetyl chloride in
350 ml., of dry cerbon disulfide wae placed a suspension of
69.5 g. (0.52 mole) of anhydrous aluminum chloride in 150
ml, of dry carbon disulfide., The solution was added to the
stirred mixture at 30° over a perlod of 4 hourse. After an
additional 4-hour period of stirring at the reflux tempera-
ture, the mlxture weze allowed to ctand overnlight and poured
into a slurry of ice and hydrochloric acid. Upon filtration

there was collected 9.8 g. of tan so0lid, melting range
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180-1840, which wes recrystallized twice from chloroform

to yleld 6.8 g. (4.8%) of pure 2,8-diascetylphenoxathiin,
m.D. 186—1870. (The melting point has been revorted as 175°
by Ton1ta®’ and 184-186° by Nobis and coworkers.Sz) A mix-
ture of the product and an authentic specimenll5 (m.p. found
174-179°%) of 2,8-dlacetylphenoxathiin melted over the range
175-182°. The infrared spectra of the authentic specimen
&nd the product were superimposable.

The layers of the flltrate were separated, After having
been waghed with 10% sodium carbonate solution and with water,
the carbon disulfilde golution wag dried over Drierite. Fol-
lowing the removal of the carbon disulfide, the products were
distilled at 0.2 mm., There were collected 38.2 g., bolling
range 103-113° and 37.3 g., bolling range 130-1630. The
residue wae recrystallized (with Norit-A treatment) from
chloroform to yield 6.7 g. of crude 2,8-dlacetylphenoxathiin,
melting range 1?1«1760.

£11 the first distlllation fraction and approximately
one-half the second fraction were soluble in petroleum ether
(b.p. 60-70°)., The insoluble material weighed 16.7 g. and
melted over the range 98-106°. The petroleum ether solutlon

was allowed to percolate through a chromatography column

115¢ynaly provided by Dr. M. Tomita.
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packed with anhydrous alumina and the mixture was eluted
with petroleum ether (b.p. 60-700). The solution obtained
from the column ylelded 39.5 g. (39.5% recovery of phenoxa-
thiin) m.p. and mixed m.p. 56-57°. The alumine from which
the phenoxathiln hed been removed was extracted with ethsnol.
The pale yellow extract waes employed =g the recrystallization
solvent for the 16.7 g. of material, melting range 98-106°.
Following recrystallization there were obtained 20,0 g. of
yellow solid, melting range 104-108° and 5.8 g., melting
range 86-910. The larger fraction was recrystallized four
times from methanol. The welghte and melting ranges of the
fractions after the successglive recrystallizations were 16.8
g., 107-112.5°; 12.8 g., 111-115.5°; 8.1 g., 114-119.5° and
4,3 g., 115.5-1190. The last crop was recrystallized from
petroleum ether (b.n. 60-70°) to yield 3.0 g. (2.5%) of
2-acetylphenoxsthiin, m.p. 116.5-118.50. The melting point
of 2-acetylphenoxathiin has been revorted as 111-112035 and
117.5-118°.52 From the mother liquors there wae recovered
in three crops a total of 14,7 g. of yellow solid which
melted over the range 106-118.5°.

The crude mixture which was obtalned following the
chromatographic procedure probably contalned, in addition
to 2-acetylphenoxathiin, small amounts of phenoxathiln,

another acetylphenoxathliin and dlacetylphenoxathiin, The
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results of the followling experiment revealed that 2-zcetyl-
phenoxathiin oxime was more resdlly purified than was the

corresponding ketone.

Preparation of Z2-acetylphenoxathiin oxime

In 2 250-ml., three-necked flask fitted with a stopper,
& stirrer and a reflux condenser were placed 12.11 g, (0,05
mole) of crude 2-scetylphenoxathiin (melting range 106-118.5°),
9.73 g. (0.14 mole) of hydroxylamine hydrochloride, 30 ml.
of absolute ethanol and 45 ml, of dry pyridine., After the
yellow mixture had been stirred at the reflux temperature
for 3 hours, 40 ml. of the solvent was removed by distilla-
tion and the mixture wae poured into water., Upon filltration
there was collected 13.0 g. (100%) of crude, white product
which melted over the range 140-150°. Upon recrystallization
from ethanol (with Norit-A treatment) there was obtained
6.3 g. of 2-acetylphenoxathlin oxime, m.p. 156~158°. The
mother liquor yieided 3.2 g., m.p. 154-156°. The combined
material represents a 73.8% yleld of slightly impure 2-
scetylphenoxathiin oxime. The melting pointe reported for
2-acetylphenoxathiin oxime are 142-143035 and 158-159.5".52
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Preparstion of 2-aminophenoxathiin by the Beckmenn

rearrangement of 2-scetylphenoxathilin oxime

In & 500-ml., four-necked flask fitted with a stirrer,
& reflux condenser, a thermometer snd a rubber tube with an
attached flask containing 9.0 g. (0.043 mole) of phosphorus
pentachloride were placed 9.0 g. (0.035 mole) of 2-acetyl-
phenoxathiin oxime (m.p. 154-158°) and 150 ml. of sodium-
dried benzene. The stirred suspension was warmed to 40°
and the phosphorus pentachloride was sdded over a perilod of
30 minutes, After the apparent reaction had ceased the
orange solution was stirred for 2 hours,

The reaction mixture wae poured in water, neutralized
with sodium carbonate and the benzene was removed by steam
distillation. After the residue had been refluxed for &4
houre with 20% hydrochloric acid, the hot mixture was fil-
tered. The insoluble residue was washed several times with
hot water and the washings were comblined with the original
filtrate., After the filtrate had been made alkaline with
ammonium hydroxide there was collected 6.1 g. (81.1%) of
2-aminophenoxathiin, m.p. 93—950. The compound hag been

reported to melt at 93—95"52 and 98"’.5O
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Preparation of 2-bromophenoxathiin by the Sandmeyer resction

Run I. To a cold solution of 0.024 mole of nitrosylsul-
furic ac1d*1® was added a solution of 4.3 g. (0,020 mole)
of 2-aminophenoxathiin (m.p. 93-95°) in 50 ml. of glaclal
scetic scid. The dlazotization mixture was firet purpls,
then brown in color. The mixture was allowed to warm to 12°
over a period of 45 minutes and added to a hot solution of
0.015 mole of freshly prepared cuprous tromidell? in 75 ml.
of 48% hydrobromic acid. After the 15-minute addition
period the stirred mixture was heated on a weter bath for
1 hour, poured into an ice-water slurry and a sticky, brown
80lid was collected., After the solild had been dlssolved in
hot methanol, the solution was treated with Norit-A and
filtered. The semi-golld, yellow materlal which separated
was collected and crystallized from methanol-water. The
resulting crystale weighed 0.4 g. and melted over the range
78-840. Further attempts to isolate pure materisl were

unsuccessful .

116y, H. Hodeeon and J. Valker, J. Chem. Soc., 1620
(1933).

117A. I. Vogel, "A Textbook of Practical Organic
Chemistry", Longmans, Green and Company, New York, N. Y.,
1948, p. 187.
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Run II. A suspension of 1.75 g. (0.006 mole) of 2-
aminophenoxsathiin hydrobromide in 50 ml, of dilute hydro-
bromic acid was heated to 90~95° and then cooled rapldly.
To the stirred suspension at 0° was added over a period of
20 minutes a esolution of 0.49 g. (0.007 mole) of sodium
nitrite in 2.5 ml. of water. The orange diszotization
mixture was stirred at 0-5° for 1 hour.

A solution of cuprous bromide was prepared by dicsolving
approximately 0.004 mole of freshly prepared cuprous bro-
midell? in 8.5 ml, of 48% hydrobromic acid. The purple
bromide solution was diluted with 10 ml. of water. (Thie
dilution step may have been unnecessary.) To the etirred
cuprous bromlde solution at room temperature was added the
cold, orange-colored dlazotization mixture. After a 15~
minute perlod of stirring at room temperature, followed by
an equal period at approximately 1000, the mixture consisted
of a dark brown oil and a green aqueous solution. The con-
tente of the flesk were cooled and the aqueous solution was
decanted., The residue was digested three times with dillute
methanol and the methanol extracts were combined, treated
with Norit-A and filtered. Following crystellization there
wae obtalned 0.84 g. (39.5%4) of white crystele of 2-bromo-
vhenoxathiin, m.p. 89—900. There wss no depression in the

melting point of the mixture consisting of the above product
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and a sample of the 2-bromophenoxathiin (m.p. 90-91°) which
was prepared by reduction of 2-bromophenoxathiin-l0-dloxide.

(See "Preparation of 2-bromophenoxathiin”.)

Reactlons Involving 2-Bubstituted

Phenoxathiiln-1l0~dioxides

Preparation of 2-nitrophenoxsthiin-10-dioxide

This reasction was carried out according to the procedure
of Nobls, Blardinelll and Blaney %, who reported a 43% yield
of 2-nitrophenoxathiin-10-dloxide, m.p. 192-194°,

To a stirred eolution of 232 g. (1.0 mole) of phenoxa-
thiin-10-dioxide (m.p. 147-148°) 1in 900 ml. of glacial acetic
acid was added 720 ml., (17.3 moles) of nitric acid (ep. gr.
1.5) over a period of 1.5 hours. The solution was stirred
at the reflux temperature for 4 hours and then allowed to
stand overnight in the refrigerator. Subsequent to filtra-
tion, washing and drying, the crystale welighed 218 g. and
melted over the range 181—1860. After two recrystallizations
from large volumes of acetone there was obtained 140 g.

(50.5%) of 2-nitrophenoxathiin-10-dioxide, m.p. 187-190°.
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Preparstlon of 2-aminophenoxathiin-10-dioxide by reduction

of 2-nitrophenoxathiin-10-dioxide

This reaction was carrlied out accordinz to the procedure

52, who obtained a 60% ylield of 2-amino-

of Nobls and coworkers
phenoxathiin-10-dioxide melting at 163-164.5 . Two modifi-
catione of the work-up procedure are mentloned in the
description of the experiment,

In a two-liter, three-necked flask fitted with a stirrer,
a reflux condenser and a thermometer were placed 90.0 g.
(0.325 mole) of 2-nitrophenoxathiin-10-dioxide (m.p. 187-190°),
296 g. (1.32 moles) of stannous chlorlde dihydrate and 850 ml.
of glaclal acetic acld which had been saturzted with hydrogen
chloride. The eo0llé dissolved upon etirring and the tempera-
ture rose spontaneously to 1009, After the mixture was stirred
at 110-1150 for 7 houre, 1t was allowed to cool and the
crystalline product was collected by filtration. (Nobie and
coworkers did not isolate the amine salt.) An aqueous sus-
pension of the palt wae made alkaline with dilute potassium
hydroxide solution and the sollid was collected. Thig crude
amine wag dissolved in hot, dllute hydrochloric acid, the
solution was flltered while hot and the flltrate was made
alkaline with potessium hydroxide solution. The w»roduct,

32,1 g., melting range 164-173°, wag recrystallized twice
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from methanol-water (1:1) to yleld 27.1 g. of white crystals
melting over the range 164-1760. The first recrystallization
from acetone-water (1:1) ylelded 22.0 g. (27.4%), melting
range 169~l76.5°. From a subsequent recrystalllizstion using
this solvent there was obtained 20,0 g. of product melting
over the reange 169-1760. Recrystellization from chloroform
did not alter the melting range. The melting point was taken
at verious rates of heating and the sample wae placed in the
melting point bath at several tempersturee with no etffect
upon the melting range., A sample was placed in a test tube,
melted at 1760. allowed to cool, removed and pulverized.

The melting point of this material was 175.5—1?6.00, with

no chsnge at 1690. The infrered spectra of the two samples
(1n potassium bromide pellets) melting at 169-176° and
175.5-176.0° were almoet identical. The results indicate
that there may be two crystalline forms of 2-aminophenoxa-
thiin-10-dioxide.

Anal, Caled. for C; HyNO48: S, 12.95. Found: 8,
12,83, 12.88.

The original acetic acld mother liquor which remained
following the removel of the crystalline amine salt wase
treated with sodlum hydroxide until the mixture was alkaline.
The voluminous solld mixture, which probably consisted of

godium acetate, tin salts, unreacted nrnitro compound and the
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smine, wes collected by filtration and digested several
times with hot methanol. Concentration of the methanol ex-
tracts ylelded a £0lld which was stirred with hot, dilute
hydrochloric acld and fhe hot mixture was filtered. (Nobise
and coworkers did not carry out this procedure involving
treatment of the mixture with acid, followed by reprecipita-
tion of the amine.) After the filtrate was made alkalilne
with ammonium hydroxlde there was collected 24.4 g, of solid
melting over the range 148-160°. Succeseive recrystalliza-
tions from acetone~water (1:1) and methanol-water (2:1) did
not alter the melting range significantly. The white crys-
tale melted over the range 164-—172o after recryetallization

from chloroform.

Prepsration of 2-chlorophenoxathiin-10-dioxide by the

Sandmeyer resctlon

To a stirred solution of 0.022 mole of nitrosylsulfuric
ac1atl® st 5° was added a solutlon of 4,94 g. (0.20 mole) *
of 2-aminophenoxathiin-10-dioxide (melting range 169-176°)
in 60 ml. of glacial acetic acid. The temperature of the
dlazotizatlion mixture wae maintalned at 5-10o during the 15-
minute addition period and for an additional period of 30
minutese., The mixture was allowed to warm to 15° over an

interval of 45 minutes.
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Into & 250-ml. flesgk fitted with a stirrer was placed a
solution of 0.012 mele of freshly prepared cuprous chloridell8
in 10 ml. of concentrated hydrochloric acid., To the stirred
solution which was heasted by a water-bath wae added the 4i-
azotization mixture described above. After the l5-mlnute
addition period the dark green solution was stirred for 1
hour and then poured upon crushed ice. Following filtration,
washing with water and drying there was obtained 5.05 g.
(95%) of crude 2-chlorophenoxathiin-10-dioxide melting over
the range 153-1580. Successive recrystallizations from
ethanol and aqueous acetic acid ylelded 4.00 g., m.p. 157~
159o (sintering at 153°) and 3.85 g. (72.2%) of 2-chloro-
phenoxathiin-10-dloxide, m.p. 158—1590. A mixed melting

119

point with an authentic sample was not depressed,

Preparation of 2-bromophenoxathiin-10-dioxide by the Sand-

mever reaction

To a stirred solution of 0.48 mole of nitrosylsulfuric
(]
acid at 5 was added a solution of 9.89 g. (0,040 mole) of

2-aminophenoxathiin-10-dioxide (melting* range 169-176°) in

118L. F, Fleser, ®Exrerimente in Organic Chemistry",
D. C. Heath and Company, New York, N. Y., 1941, p. 215.

119K1nd1y provided by Dr. C. M. Suter,
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110 ml, of glaclal ascetic acic. The additlon required a
reriod of 20 minutea. After an additionel l-hour perlod at
5—10° the mixture was allowed to warm to 15° and wae trans-
ferred to a separatory funnel.

In a 500-ml, flagk fitted with a stirrer was placed a
gsolution of 0,023 mole of freshly prepared cuprous bromidell?
in 125 ml. of 48% hydrobromlic mcid. To the purple solution
which was heated by a water-bath was added the dlazotization
mixture deecribed above. After 1.5 hours of stirring the
purple mixture was poured upon crushed ice. There was ob-
tained 11.2 g. (90%) of crude 2-bromophenoxathiin-10-dioxide
melting over the range 170-176°. The materisl was recrys-—
tallized from ethanol to yleld 9.6 g. of white corystals,
m.P. 175.5—1770. Subsequent to recrystallization from
glacial acetic acid there was obtained 7.1 g. (57.0%) of
2-bromophenoxathiin-10-dioxide, m.p. 177-178°. Another re-
cryetallization from glacial acetic acid nroduced no change
in the melting point.

Anal, Calcd. for 01237Br035: 8, 10.30., Found: 8,
10.23, 10.12.

Preparation of 2-iodophenoxathiin-10-dioxide from 2-amino-
phenoxathiin-10-dloxide

To a stirred solution of 0,022 mole of nitrosylsulfuric
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aeidlle

at 4-8° was added a solution of 4.9k g. (0.020 mole)
of 2-aminophenoxathiin-10-dioxide (melting range 169-176°)
in 60 ml. of glacial acetic acild. After the yellow mixture
had been stirred for epproximetely 1 hour there wae sdded
0.2 g. of urea (to remove excees nitrous acid) followed by

a solution of 3.65 g. (0.022 mole) of potassium iodide in
40 ml, of water. When the dark brown mixture had warmed to
60~70° the excess lodine was removed by the addition of 5%
godlum bieulfite solution. The mixture was stirred for 30
minutes, poured upon 1ce and the tan solid was collected by
filtration. Upon recrystallizetion from agqueous acetic acid
there resulted a red oil and a white solid which were sepa-
rated manually. The white B0l1ld waes digested five times
with 75-ml. portions of hot petroleum ether (b.p. 60-70°).
The pink material which did not dissolve melted over the
range 120-160°. From the petroleum ether solutlion there was
obtained 1.84 g. of rroduct, m.p. 167-1690, which was recrys-
tallized from aqueous acetic acid to yleld 1.43 g. (20.0%)
of 2—iodOppenoxathiin-lo-dioxlde, MePs 171-1720. A subse-
quent recrystallization from acetic acid-ethyl acetate did

not change the melting point. (For the anslysis see

"Preparation of 2-lodophenoxathiin-10-dioxide by iodination
of phenoxathiin-10-dioxide".)
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Reduction of the Sulfone Group by
Lithium Aluminum Hydride’

Preparation of phenoxathiin

In & 250-ml., three-necked flask fitted with a stirrer,
two nitrogen inlet tubes and a reflux condenser were placed
5.80 g. (0.025 mole) of phenoxathiin-10-dioxide, 125 ml. of
anhydrous ether and 1.42 g. (0.038 mole) of powdered lithium
aluminum hydride., The ether began to reflux immediately upon
the addition of the hydride. When the refluxing subsided
heat was applied to the stirred mixture. After 18 hours of
refluxing*® the susvension was allowed to cool and the excess
hydride waeg decomposed by the cautious addition of ethyl
acetate, followed by wet ether, water and dilute hydrochloric
acid. An emulsion was broken by the addition of approximately
30 ml, of 10% hydrochloric scid. The layers were separated
and the aqueoue layer was extracted with ether, After the
ethereal extract had been dried over Drlerite, the ether was
removed by distillation. The residual o1l was cooled &and
the resulting crystasls were collected, washed with cold

methanol and dried under reduced pressure. There was

*A much shorter reasctlon period may have been
sufficlent.
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obtained 2.64 g. (52.8%) of phenoxathiln, m.p. and mixed
m.p. 53-55°,

Preparation of 2-chlorophenoxathiin

In a 250-ml., three-necked flask fitted with a stirrer,
two nitrogen inlet tubes and a separstory funnel containing
a suspension of 0.61 g. (0.016 mole) of powdered lithium
aluminum hydride in 75 ml, of anhydrous ether was placed a
suspenalon of 3.20 g. (0.012 mole) of 2-chlorophenoxathiin-
10-dioxide (m.p. 158-159°) in 50 ml. of anhydrous ether.

The hydride-guspension was added to the stirred mixture,
causing very mild refluxing and the appearance of a yellow-
grey color. After 22 houre of refluxing, the mixture was
worked up as in the preceding experiment, The ether solution
ylelded an oil which consisted of 2-chlorophenoxathiin and
unreacted 2-chlorophenoxathiin-10-dioxide. A 6% recovery

of the latter compound was made., The l0-dloxide, being less
soluble than 2-c¢hlorophenoxathiin, prevented the 1solation
of the product by a conventlional recrystallization procedure.
Separation wae accomplished by digestion of the mixture with
petroleum ether (b.p., 28-38°), which dissolved only the un-
oxidized compound. From the petroleum ether extracte there

was obtained 0.61 g. (21.5%) of 2-chlorophenoxathiin, m.p.
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88-890. A mixed melting point with an authentic epecimenll9

wags not depressed.

Preparation of 2-bromophenoxathiin

In 8 250-ml., three-necked flask fitted with s stirrer,
two nitrogen inlet tubee and a reflux condenser was placed
a suspension of 6.23 g. (0.02 mole) of 2-bromophenoxathiin-
10-dioxide (m.p. 177-1780) in 125 ml. of anhydrous ether.
To the cold suspension wes added in one portion 1.14 g,
(0.03 mole) of powdered lithium aluminum hydride. The mix-
ture was stirred at room temperature for 45 minutes, then
et the reflux temperature for 20 hours. Following decompo-
sition of the excess hydride the layere were geparated and
the ethereal layer was dried. After distillation of the
ether there was obtained a white s0lild which was recrystal-
l1zed twice from ethanol. The resulting 1.25 g. of white
needles, m,.p. 89-90.50, was recryetallized again from
ethanol to yield 1,10 g. (19.7%) of 2-bromophenoxathiin,

M, P, 90-90.50. A final recrystallization from methsnol did
not alter the melting point,

Angl, Calecd. for 012}17Br05: Br, 28.63; S, 11.49,
Found: Br, 28.81, 28.65; 8, 11.53, 1l.5S5.
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The infrared spectrum of 2-bromophenoxathiin was com-
pared with that of 2-chlorophenoxathiin, both samples having
been run as Nujol mulls and 1in carbon disulfide solutions.

In the region 2-16 « there was no significant difference in
the spectra of the two compounde. The spectrum of each of
the two samples run in carbon disulfide contained 15 distinct

absorption bands between 7.3 and 14.7«.

Halogenation Reactions

Feaction of phenoxathiin with sulfuryl chloride in pentane

In 8 250-ml., three-necked flask fitted with a stirrer,
a reflux condenser and a sgeparatory funnel contalning a
solution of 28.4 g, (0.21 mole) of sulfuryl chloride in 50
ml. of dry pentane was placed a solution of 40,0 g. (0.20
mole) of phenoxathiin in 100 ml. of pentane. The sulfuryl
chloride was added to the yellow-orange refluxing mixture
over & period of 2 hours. The yellow color disappeared
during the subsequent 1l5-hour reflux period., After the mix-
ture had been coocled and filtered there wae collected 9.0
g. of white solid melting over the range 103-124°, The
80l1d was recrystalllized from a large volume of methanol to

yield 3.0 g. of white crystals, melting range 146-168°.
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Concentration of the mother liquor gave 2.5 g. of white
s0lid, melting range 64-?00, 0.6 g., melting range 38-149o
and an oil., The pentane mother liquor from the flrst crop
of so0lld ylelded 20.5 g. of white product melting over the
range 38-55".

The material melting over the range 146-168° was re-
crystellized from epproximately 200 ml, of petroleum ether
(b.p. 60-70°) to yleld 2.1 g. of glietening, white plates,
m.p. l68-169°. This compound ies belleved to be the same as
the _, -dichlorophenoxathiln, m.p. 166-1670, which Ir1e5o
obtained by direct chlorination of phenoxathiin, Ir1350
proved that the compound was not 2,8-dichlorophenoxathiin.

Five fractione of solid having melting rangee from 38
to 80° were combined into one batch weilghing 29.4 grams.

The material was dissolved in methanol and the following
fractions were obtained upon recrystallization: 6.3 g.,
melting range 57-87°; 8.0 g., melting range 64-73%; 10.1 g.,
melting range 35-48° and sn oll. The material melting over
the range 64-73G wag recrystallized from methanol to yield
4.5 g. of white crystale, melting range 72—780, Another
recrystallization ylelded 3.3 g. of product, m.p. 77-80°.

The melting point wae raised to 79~81° by a recrystallization
from petroleum ether (b.p. 60-700). Another recrystallliza-
tion from the same solvent dld not alter the melting point
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of the 1.8 g. of white cryetals, The compound 1is belleved
to be 3-chlorophenoxathiin.

Anal. Caled. for Cy,H,C108: S, 13.65. Found: 5,
13.53, 13.43,

A sample of the material melting over the range 57-87°
was analyzed and the percentages of sulfur were found to be
12,87 and 13.04, The values suggest that the mixture con-
slsted of a chlorophenoxathiin contaminated by a _,_ -di-
chlorophenoxsathiin.

Among the many samplee which were kindly provided by
Dr. C, M, Suter was one designated as 3-chlorophenoxathiln
(m.p. repo:c'tedsl+ 59-60°). The melting point on the label
of the sample bottle was 58-59°, but the material was found
to melt over the range 61-67°. 4An unsuccessful attempt was
made to purlfy the eolid by a conventional recrystallization
from methanol. However, useing tweezers and a esmall spatula
there were separsted diamond-shaped (m.p. 93-960) and needle-
l11ike (m.p. 80-82°) cryetals. The latter melting point 1ie

the same as that reported by Suter and Green34

for the prod-
uct of chlorination of phenoxathiin.

The infrared spectra were determined on carbon disulfide
golutione of the samplee. The epectrum of the original ma-
terlal (melting range 61-67°) contained twelve bands in the

region 9.2-14,7u. In thie same regilon the svectrum of the
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material melting at 80-82° contained eight bande, while that
of the material melting at 93—96° contained seven bands,
There were three bande, those at 9.7, 10.9 and 13.3«, which
were common to all three spectra,

A mixture of the crystals melting at 80-82° snd those
(m.p, 79-81°) obtained by chlorination of phenoxethiin with
sulfuryl chloride showed no depression in melting point.

The infrared spectra of the samples were superimposable,
leaving no doubt that only one compound was involved.

There wes much similarity in the infrared spectra of
2- (m.p. 88-89°) and 3-chlorophenoxathiin (m.p. ca, 80°), as
would be expected since both compounde contain 1,2,4-trisub-
stituted benzene ring systems., The most notable difference
wae the presence in the spectrum of the 2-derivative of
sharp bands at 12.1 and 12.4 «, whereas the 3-derivative
exhiblted one band st 12.54. The spectrum of the unknown
materisl (m.p. 93-96°) contained no band between 12,0 and

12.9 u.

Preparstion of 2-bromophenoxathiln and 2,8-dibromophenoxathiin

by direct bromination (attempted)

The first run was carried out according to the procedure

of Suter, HMcKenzle and Maxwell.35 These workere obtained
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2-bromophenoxathiin, m.p. 59-600, end 2,8-dlbromophenoxathiin,
m.p. 92-93%, in ylelds of 83 and 75%, respectively by the
direct bromination of phenoxathiin. All the bromination
reactions were carrled out before two unambiguous syntheses

(eee "Preparation of 2-bromophenoxathiin by the Sgndmeyer
reaction” and "Preparation of 2-bromophenoxasthiin®) revealed

that 2-bromophenoxathiin melted at 90-91°,

Run I. In a one-liter, three-necked flask fitted with
a stirrer, a reflux condenser and a separatory funnel con-
taining 83.2 g. (0.52 mole) of bromine were placed 100 g.
(0.50 mole) of phenoxathiin and 500 ml. of ocarbon tetra-
chloride. The bromine was added to the refluxing solution
over a period of 2.5 hours, After the mixture wes refluxed
for 15 hours 1t was allowed to cool, treated with Norit-A
and filtered. The volume of the mixture was reduced to
approximately 100 ml, The residue solidified to glve 135 g.
of an olly product.

A 10-g. sample of the product wae recrystallized from
approximately 500 ml. of methanol. A total of 7.1 g. of
white g0lid was obtained from three batches, each of which
had an approximate melting range of 64—750. The material
wae recrystallized from ca. 400 ml. of methanol to yield

5.2 g. of amorphous, white solld, melting range 66-76°.
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An attempt wae made to purlfy the material by distilla-
tion of & 10-g. sample which had been crystallized from
methanol. The only distillste wae 2.2 g. of white product,
melting range 75-80°, which was collected at 180°/0.08 mm.
After two recrystallizations from methanol there wae ob-
tained a small amount of needles melting over the range
78-83".

Run II. In thie experiment a eolutlion of bromine in
carbon tetrachloride wae added to the refluxing, stirred
solution of phenoxathiin. The mixture wee worked up as be-
fore. ©Succegelve recrystallizations from methanol gave
white, amorphous s0lids having melting ranges of 56—660,
63—69° and 69-78°. Following & recrystallizstion from
methanol-benzene (10:1) there was obtalned a small amount
of white solid melting over the range 95—1130.

Run III. A solution of bromine in carbon tetrachloride

was added to s refluxing, sﬁlrred’solution of phenoxathiin
in carbon tetrachloride, The product dlestilled at 122-123°/
0.014 mm., The distillate, a white, olly solid, was recrys-
tallized from methanol-benzene (10:1) to yleld white solid
which melted over the range 51—660. Following chromatography
of a petroleum ether (b.p. 60-70%) solution of the distillate
there were collected fractione of white solld having melting
ranges of 49-56°, 63-76° and 67-88°, The melting ranges were



182

not narrowed elignificantly by subsequent recrystallizations
from methanol.

Run IV, In this run a carbon tetrachlorice solution
of two molar equivalentes of bromine was added to a refluxing,
stirred solution of phenoxathiin in carbon tetrachlorilgde.
The crude product, which melted over the range 80-100°, was
recrystalllzed from methanol-isopropyl alcohol to yleld
white so0lild, melting range 119-1260. Further purification
wae not achleved by chromatography or by recrystallization.
When a sample of the crude product was recrystallized from
benzene, vacuum distilled and recrystallized from methanol,
there was obtalned a white solid melting over the range
115~122°. No pure product was obtalned,

Bun V., This and the following run were carried out in
an attempt to determine whether the presence of water had
an effect on the resaction,

A solution of bromine in 93% aqueous acetic acld was
added to a warm, stirred solution of phenoxathiin in glaclal
acetic scid. Upon completion of the reaction the mixture
wae poured into an ice-water mixture. A sample of the prod-
uct wae recryetallized from methanol, vacuum-distilled,
recrystallized from ethanol-water and petroleum ether (b.p.
60-70%). There were isolated white sollds melting over the

ranges 50-62° and 79-84°, Subsequent recrystallizations of
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the higher-melting fraction reised the melting range to
81.5-85.5°. No pure product wae isolated.

Run VI, In & 500-ml., three-necked flask fitted with
a stirrer, a reflux condenser and a graduated separatory
funnel containing 50 ml. of dry pentane was plsced & solu-
tion of 40.0 g. (0.20 mole) of phenoxathiin in 100 ml. of
dry pentane., Approximately 34 g. of bromine was dletilled
from phosphorus pentoxide into the separatory funnel. The
bromine solution was added to the refluxing mixture over a
perlod of 2 hours. A red-brown so0lld formed during the addi-
tion., The solld, belleved to be the thionium bromide, was
not observed in any of the previous bromination reactions.
Dissolution of the solld occurred after a l2-hour reflux
period. After 40 hours of refluxing the pale orange solu-
tion had cessed to evolve a slgnificant amount of hydrogen
bromide., Precsutions were taken to avold moisture during
the distillation of 250 ml. of the solvent from the reaction
flask. The reslidue was transferred to a distillatlion flask
from which the product was dietilled at 1.0 mm. There were
collected 7.1 g. of first frection, bolling reange 100-135°
and 16.4 g., boiling point 135-138°. After collectlon of
the second fraction the distillation ceased even though the

bath temperature wees 1increased to 2500.
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No pure product was 1solated when the two fractions
were recrystallized from methanol or from mixtures of metha-
nol and wetroleum ether (b.p. 60-70°). The reesidue which
did not distill was recrystallized from methanol to yleld
6.1 g. of white solld, melting range 74-99°. From the mother
ligquor there was obtained 3.1 g. of white material, melting
range 64—730.

The percentages of sulfur found by analyeis of the
samples melting at 74-99° and 64-73° were 9.59 and 9.92,
resvectively. The calculated percentages of sulfur in bromo-
and dibromophenoxathiin are 11.48 and 8.95, respectively.

The analytical dsta indicate that the mixture probably con-
tained a considersble amount of dibromophenoxathiin. If
this were the case it 1s likely that a significant quantity
of unreacted phenoxathiln wae also present in the crude

mlxture.

Preparation of 2-bromophenoxathiin-10-dioxide by bromination
of phenoxathiin-10-dioxide (attempted)

To a stirred. refluxing solution of 11.6 g. (0.05 mole)
of phenoxathiin-10-dioxide in 50 ml. of glacial acetic aclad
was added a solution of 9.3 g. (0,06 mole) of bromine in 50

ml, of glacial acetic acid. After 3 hours of refluxing, at
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which time the rolution was pale red in color, the initial
evolution of hydrozen bromide was observed. An additional
2-g. portion of bromine wes added to the mixture, After 18
hours of refluxing the dark-colored solution waes concentrated
by distillation of 65 ml. of the solvent. Norit-A was sdded
to the solution in the reasctlon flask and, after the warm
mixture was stirred, it wae filltered., The filltrate was
cooled and there was collected 8.3 g. (71.5% recovery) of
gstarting material, m.p. and mixed m.p. with an authentic
eample of phenoxathiin-10-dloxide 147-148.5°. The nother
liquor was concentrated and, after the addition of water,
there wss obtained 2.3 g. of phenoxathlin-10-dloxide, m.p.
and mixed m.p. 147-148°. The total recovery of starting
material was 91.3%.

pPreparation of 2-iodophenoxathiin-10-dloxlde by lodination
of phenoxathiin-10-dioxide

To a stirred mixture consleting of 23.2 g. (0.10 mole)
of phenoxsthiin-l0-dioxide, 25.4 g. (0.10 mole) of 1lodine
and 125 ml. of chloroform wag added slowly 7.0 ml. of con-
centrated nitric zcid. After 18 hours of refluxing another
7.0-ml., portion of nitrlc acld was added and the mixture was

refluxed for an additional 20-hour period. The reaction



186

flask was cooled in an ice-bath and the chloroform solution
was decanted from the large amount of crystalline lodine.
The chloroform solution wes washed successively with 5%
sodlum hydroxide solution, 5% eodium bisulfite solution and
with water and dried. The solvent wae dletilled and there
was collected 27.1 g. of yellow solld melting over the range
120-1500. The product was recrystallized (with Norit-A
treatment) from & mixture of ethyl acetate and acetic acid
to yleld 12.3 g. of white solid, melting range 150-165°.
After three recrystallizations from ethyl acetate- acetic
acid there was isolated 4.3 g. (12.0%) of 2-iodophenoxathiin-
10-dioxide, m.p. 171-1?2°. A mixed melting point with a
gsample of 2-lodophenoxathiin-10-dioxide which was prepared
from Z2-aminophenoxathiin-10-dioxide was not depressed.

Anal. Caled., for C2HpIO3S: I, 35.44; 8, 8.95. Found:
I, 35.59, 35.32; 8, 9.17, 9.02.

Oxildation Reactlons

thiin in ethanol with drogen peroxide (attempted

Gllman and Esmay>l prepared phenoxathiin-10-oxide in
yields of 96 and 98% by oxldation of phenoxathiin in ethanol
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with hydrogen peroxide., Though the preparation was success-
fully repeated on the 0.05-mole scale described in the
literature, the reaction yielded no pure product in an
attempt on a 0,60-mole scale.lzo The second attempt is
described below.

To & stirred, refluxing solution of 80.0 g. (0.40 mole)
of phenoxathiin in 1500 ml. of absolute ethanol was added
dropwise 240 ml. (2.48 moles) of 30% aqueous hydrogen per-
oxide over a period of 1 hour. After 4 houre of refluxing
an additionel 160 ml.-portion of the peroxide wae added over
a perlod of 1 hour. The reaction mixture was refluxed for
18 hours, concentrated to 500 ml. and diluted to turbidity
with hot water. Following filtration and drying, the materi-
al weighed 84.0 g. and melted over the range 110-132°. Re-
crystallization from benzene yielded 38.8 g. (41.8%) of
slightly impure phenoxathiin-l0-dioxide, m.p. 143-147°,
mixed m.p. 146-148°, The mother liquor yielded 34.0 g. of
material melting over the range 110-1350.

Preparation of phenoxathiin-10-oxide by oxidation of
phenoxethiin with dilute nitric acid

To a stirred, refluxing solution of 200 g. (1.0 mole)

120y, B. Hughes, Unvublished Studies.
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of phenoxathiin in 2400 ml. of glacisl acetic was added
325 ml, (2.0 moles) of dilute nitric scid (sn. gr. 1.2) over
a period of 4 houre. The solution was refluxed for en addi-
tional hour and poured into 8 liters of an 1ce-water mixture,
The white es0lld was collected by filtration, washed with
cold water and dried. There was obtained 205 g, (94,.8%) of
phenoxathiin-10-oxide, m.p. 156-156.5°. A mixed melting
point with an suthentic eample of phenoxathiin-l0-oxide was
not depressed.

A 93% yleld wae obtained in a preparation employing
0.20 mole of phenoxathiin in 600 ml., of glaclal acetic scid.

Sodlum hypochlorite oxidation of 2,8-dimcetylphenoxathiin
to 2,8-phenoxsthiindlcarboxylic acid 10-dloxige

The reaction was carrled out under the conditions em-
ployed by Buter, McKenzie and Maxwell35 and by Ir1950 for
the oxidation of 2-acetylphenoxathiin end by Tomitab3 for
the oxidation or 2,8-dlacetylphenoxathiin (m,p. 1750).

There wae on hand s aamplell9

of the product, 2-phenoxathiin-
carboxylic scid (m.p. reported 259-260°), which Suter and
coworkere hed obtained from the reaction. The compound
melted over the range 265—2740 and gave an infrered spectrum

containing a band at 8,6u, characteristic of the sulfone
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group, Aleo avsilable was & samplell9 of 2-phenoxathiin-
carboxylic scid (m.p. reported 260-262°) which the szme
worker835 had prepared from the CGrignerd resgent of 2-
bromophenoxathiin (m.p. 59-60°). The material melted over
the range 188-260° snd geve g poor infrared spectrum,

In a one-liter, three-necked flask fitted with a stirrer,
& reflux condenser and & stopper were pleced a suspension of
5.00 g. (0,018 mole) of 2,8-dlacetylphenoxathiin (m.p. 186-

1879, see "Friedel-Crafts scetylation of phenoxathiin") in

200 ml, of 1 N eodlium hydroxide solution and 25 g. of bleach-
ing powder (High Test Hypochlorite)., The stirred mixture
was heated by a water bath for 5 hours. Considerable foaming
of the mixture occurred during thie period., After the hot
repction mixture was flltered, the solid was washed with hot
water and the filtrates were combined. Acidificstion of the
cold filtrate ylelded & negligible amount of acid which was
discerded, The ineoluble s0lid from the filter paper was
dried and extracted with benzene in & Soxhlet extractor.
Concentration of the benzene extract ylelded O0.44 g. (8.8%)
of 2,8-dlacetylphenoxathiin, m.p. and mixed m,p. 185-1870.
Subsequent to the evaporation of the benzene from the
calcium salt mixture, the £0lid was stirred with dilute
hydrochloric acld. The resulting impure acid wees collected,
digested with 150 ml, of 2% sodium hydroxide solution and
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the mixture was flltered while hot, Upon acidification of
the cool filtrate there was obtalned 4.70 g. (83.3%) of
product melting over the range 384—387°, with decomposition.
The ascid was recrystallized from a large volume of 50%
ethanol to yleld 3.87 g. (68.7%) of 2,8-phenoxathiindicarb-
oxylic acid 10-dioxide, m.p. 392-3940, with decomposition.

65 reported the melting polnt as over 300°.)

(Tomits
Anal, Csaled. for 01438078: 8, 10.01; neut. equiv.,

160. Found: S, 10,07, 10,01; neut. equiv., 156.5, 157.

Preparstion of l-phenoxaethlincarboxyllic acid l0-oxlide

To a yellow, refluxing solution of 2.44 g. (0,01 mole)
of l-phenoxathiincarboxylic acid (m.p. 223-224°) in 50 ml.
of abeolute ethanol was added dropwise 6 ml., (0.06 mole) of
30% aqueous hydrogen peroxide. After 3 hours of refluxing
an additional 4 ml, of the peroxide was added and the mixture
was refluxed for a perlod of 9 hours. The solvent was dls-
tilled until the volume of the residue was 15 ml. and the
solution wee allowed to cool. The white crystals of l-

phenoxsthiincarboxylic acid 10-oxide weighed 2.38 g. (91.5%)
and melted at 2620. with decompositlion. A mixture of thise

material and a sample of the 2cld obtaelned by metalation of
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phenoxathiin-10-oxide with 2,2'-d1lithiodiphenyl ether melted
at 262°, with decomposition.

Ansl. Calcd. for 013H8048: S, 12.32; neut. equiv., 260.
Found: 8, 12.20, 12.24; neut. equiv., 260, 262,

Preparation of 4-phenoxathiincarboxylic acid 10-oxide

When the hydrogen peroxide oxidation of 4-phenoxathiin-
carboxylic acld in glaclial acetic scld was first carried

54, there was obtained a product, m.p. 183-184° and neut.

out
equiv. 2681, designated as 4-phenoxathiincsrboxylic ecid 10-
dioxide. The reported calculated value of 256 for the
neutralization equivslent 1g obviously in error since this
figure should be 276. The experimental neutralization
equivelent agreed closely with the theoretical value of 260
for W-phenoxathiinoarboxylic acid 10-oxide. In order to
determine whether the material which melted at 183-184o was
L4.phenoxathlincarboxylic acld 1l0-oxide or an imnhure sample
of b-phenoxathiincarboxylic acid 10-dioxide (m.p. 189—19O°59),
it wae deemed advieable to prepare the former compound,

Run I. To a yellow, refluxing solution of 2.44 g. (0.01
mole) of 4-phenoxathiincarboxylic acid (m.p. 169-171°) in 50
ml. of absolute ethanol was added dropwise 6 ml. (0.06 mole)

of 30% aqueocus hydrogen peroxide, The solution was refluxed
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for 3 houre and a 4-ml. portion of the peroxide was added.
After an additionzl 9-hour period of refluxing, the solution
wae reduced in volume to 15 ml. and allowed to cool. Since
no crystals separsted, the solution was concentrated and water
was added until the hot solution became turbid. Following
crystallizatlon there was collected 2.53 g. of white crystals
which melted over the range 1?4-1830. Recrystsllization
from hot water did not alter the melting renge., Upon re-
cryetallization from benzene there was collected 1.9 g. of
crystals, melting range 179-186°, The mixture was believed
to consist of 4~phenoxathiincsrboxylic acid 10-oxide Qnd
10-dioxide, Further purification was not attempted.

Run II. To a yellow, refluxing, stirred solution of
2.44 g, (0,01 mole) of 4-phenoxathilncaerboxylic acid (m.p.
169-171°%) in 25 ml. of glaclal acetlc acid was added dropwise
5 ml. (0.03 mole) of dilute nitric acid (ep. gr. 1.2). After
2 hours of refluxing the solution wae poured into 80 ml., of
an ice-water mixture. A finely divided white so0lid was col-
lected, washed with cold water and dried., The 2.1 g. of
product melted over the r:nge 135-145%, but the melting range
wag indefinlte and dependent upon the temperature of the
bath when the sample waeg inserted and upon the rate of
heating., After the product was recrystallized from approxi-
mately 100 ml. of benzene there wae collected 1.6 g. (61.5%)
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of L4-phenoxathiincarboxylic acld 10-oxide, m.p. 171-173°.
Following a recrystallization from hot water the melting
point of the crystals was agsln dependent upon the rate of
heating of the beth., Samples melted immedlately when placed
in the bath at temperatures above 120°. After another re-
cryetallization from benzene the white 4-phenoxathiincarb-
oxylic 10-0xide melted eharply at 171-1730. The peculier
behavior suggeseted that the product contalned water of
crystallization when recrystallized from aqueoue solvents.
A mixture of the product and the starting meterial melted
over the range 128-137°.

Anal, Calcd. for ClBFSOMS: neut. equlv., 260, Found:
neut. equiv., 261, 264.

Preparation of 1,6-phenoxathiindicarboxylic acid 10-dioxide

A mixture conelsting of 2.88 g. (0.01 mole) of 1,6~
phenoxathiindicarboxylic acid (m.p. ca. 3500, with decompo-
sition), 20 ml. of glaclial acetic acld and 6 ml. (0,06 mole)
of 30% aqueous hydrogen peroxide was ptirred at 106° for 1
hour, during which time the mixture chenged in color from
yellow to white, A 40-ml. portion of glaciasl acetic acid
wag added 1n an unsuccessful attempt to dissolve the white

g80lid. The mixture wae stirred for an additionsl hour and
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allowed to stand overnight. There was collected 2.8 g. of
white s0lild melting over the range 351-354°, with decomposi-
tlon. Recrystallizatlion from a large volume of methanol
yielded 2.6 g. (80.5%) of fine, white needles of 1,6-phenoxa-
thiindicarboxylic acid 10-dloxide, m.p. 351-353%, with decom-
poslition. A mixture of the white needles and the dense,
blunt, white crystels of l.9-phenoxathiindicarboxylic acid
10-dloxide (m.n., ca. 350°) melted over the range 324-3340.

Ansl. Caled. for Cle807S’ S, 10.01; neut. equiv,,
160. Found: S, 9.86, 9.91; neut, equiv., 158, 161,

Preparation of 4,6-phenoxathiindiecarboxylic acid 10-dioxide

£ mixture consisting of 2.88 g. (0.01 mole) of 4,6~
phenoxathiindlcarboxylic acld (m.p. 266-267°), 30 ml. of
glacial acetic acid and 6 ml. (0.06 mole) of 30% aqueous
hydrogen peroxide was stirred at 106-108° for 2 hours. The
suspension changed from yellow to colorless after 15 minutes
of etirring. After the mixture had cooled, 1t was filtered.
The product was washed with acetic acld and with petroleum
ether (b.p. 60-70°). There was collected 3.03 g. of white
needles, m.p. 327~330°, with decompositlon. 4ifter one re-

cryetallization from a large volume of acetone-water there
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was obtained 2.63 g. (82.2%) of 4,6-phenoxathiindicarboxylic
10-dioxide, m.p. 329-331°, with Qecomposition,

Anal, Calecd. for CIQHBO7S: 8, 10.01; neut. equiv.,
160, Found: 8, 9.95, 9.94; neut. equiv., 161, 161.

Preparation of 2-bromophenoxathiin-10-dloxlide by oxldation

of crude 2-bromophenoxathiin

A mixture consisting of 27.9 g. (0.10 mole) of crude
2-bromophenoxathiin (melting range 63-72°), 85 ml. of glacial
acetic acid and 62 ml. (0.60 mole) of 30% aqueous hydrogen
peroxide was heated at the reflux temperature for 1 hour and
allowed to stand overnlight, Subsequent to flltratlon and
drying there wss obtalned 29.3 g. of white solld, melting
range 1#?-1600. The solld was recrystallized from methyl
ethyl ketone to yield 20.0 g., melting range 152-165° and
3.2 g., melting range 130-1550. When the 20,0 g. of white
e0lid was digeeted with refluxing isopropyl alcohol there
remained 3.5 g. which did not dissolve. The material which
was insolubdble 1in lszopropyl alcohol was repeatedly recrystal-
l1ized from glecial acetic acld., The welghts and melting
points of the product after successive recrystalllizations
were: 3.3 g., 173-177°; 2.7 ., 175-177.5° and 2.4 g.,
175.5-178°, After a recrystallization from ethanol there
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wag obtalned 2.1 g. of 2-bromophenoxathiin-10-dioxide, m.p.
176.5-178°. A mixed melting voint with a sample of 2-bromo-
phenoxathiin-10-dioxide which wag prepared from 2-aminophen-
oxathlin-10-dloxide was not depressed.

The material which was soluble in isopropyl alcohol
cryetallized when the solution was cooled. Fractione with
melting rangee of 147-157° and 165~-170o were collected.

There was little change in the melting range of the lower-
melting frsction subsequent to another recrystallization from
isopropyl alcohol. Attempts were made to obtain pure material
by chromatography followed by recrystallization from glaclal
acetic acld. Small amounte of fractlons which melted over

the rangee 186-206° and 166-172° were separated., However,

subeequent recrystallizations did not alter the melting range.

Preparation of 4-bromophenoxathiin-10-dioxide by oxidation

of crude 4-bromophenoxathiin

From the reaction of bromine with the metalation prod-
ucts which had been produced by treating phenoxathiin with
one equivelent of n-butyllithium there resulted a lliquid,
boiling range 123-147° at 0,005 mm, Attempte to purify the
material by crystallization were unsuccessful. Due to the

fact that conelderable dimetalation of phenoxethlin occurs
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when one equivalent of n-butyllithium 1s employed as the
metalating agent, the above crude product probably consisted
of L-bromophenoxathiin and dibromophenoxathiins., It wae be-
lieved that the 10-dioxides could be crystallized and
geparated,

To & stirred, refluxing solution of 11.2 g. (0,04 mole)
of the crude 4-bromophenoxathiin in 35 ml. of glacial acetic
acld was added 31 ml. of a 30% aqueoues solution (0.30 mole)
of hydrogen peroxide., The mixture wes etirred at the reflux
temperature for 80 minutes and allowed to cool. Following
erystalllization there wae collected 8.6 g. of white sgolid
which melted over the range 136-1h4°. The product wae re-
crystallized froh ethanol to yield 6.3 g. of white solid,
m.D, 147-1500. During the second recrystallization from
ethanol the flask wae broken and approximately one-half the
product was loet. There was collected 2.3 g. of white cryse-
tals, m.p. 153-155°, which, upon recrystallization, ylelded
1.4 g. (11.3%) of pure 4-bromophenoxathiin-l0-dloxide, m.p.
15?.5~l58°. A subsequent recrystallization did not alter
the melting point. The infrared spectrum of the product wss
almost superimposable on the spectrum of an authentic speci-
men of U-chlorophenoxathiin-lo—dioxide.5h The most eignifi-
cant absorption bands were those at 8.65, 12.90 and 13.15x ,
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characteristic of the sulfone group, 1,2,3-trisubstituted
and 1, 2-disubstituted benzene rings, respectively.

Ansl, Calecd. for 012H7Br038: S, 10.30. Found: 8,
10.37, 10.39.

Cleavage Reactlions

Hydrogenolysis of 1,9-phenoxathiindicarboxylic acid 10-
dioxlde

Run_I. In a one-liter, three-necked flask fitted with
e stirrer, s reflux condenger and & thermometer were placed
25-30 g. of Raney nickelm’ snd a solution of 2.0 g. (0,006
mole) of 1,9-phenoxathiindicerboxylic acid 10-dioxide (m.p.
350—3520, with decompoeition) in 600 ml. of 0.5% sodium
carbonate. The stirred mixture was heated at 75-85° for 45
minutes and sllowed to cool. The nickel wasg removed by
filtration, washed with four 50-ml., portions of 0,5% sodium
carbonate solution and with two 50-ml. portions of water.
The filtrate wae acldlfied to pH 7 and filtered through Cellte
to remove aluminum hydroxide. After the filtrate had been
concentrated to 30 ml., it was acidified to pH 2 and there
was collected 0.9 g. of white so0lid melting over the range

100-240°, Concentration of the aqueous flltrate prodauced
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0.8 g. of white acid melting over the range 184-245°, The
combined material was digested with hot benzene and tre
mixture was flltered. From the benzene extract there was
obtained 0,35 g. of benzoic acid, m.p. and mixed m.p. 120~
1220. The benzene-insoluble fraction weighed 1.0 g. &nd
melted over the range 180-2350. Upon recrystallization from
acetone-water there were obtained two fractlions of white
solid: 0.4 g., m.p. 24?-2h9° and 0.4 g., melting range 194-
260°. A portion of the second fraction was soluble in hot
water and was recrystallized from this solvent to yleld a
material melting over the range 196-2520. The part whieh
was insoluble in water was recrystallized from acetone-water
to yleld erystals which melted over the range 310-3250. The
latter material wae probably impure starting acld.

The 0.4 g. of material melting at 247-249° represented
a 25.8% yleld of 3,3'-dlcarboxydiphenyl ether. A mixture of
this product and sn authentic Speclmenl15 of 3,3'-dicarboxy-
diphenyl ether (m.p. reportedl?l 243-245°, found 247-251°)
melted at 2@7-2500. The infrared spectra of the two samples
are superimposable.

Run II. In a one-liter, three-necked flask fitted with

a stirrer, a reflux condenser and a thermometer wae placed

121
M. Tomita, J, Pharm. Soc an, 57, 391 (in German,
76) (1937) [g_,,_e_._, 33, 2117 (19 9]
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e solution of 3.20 g. (0.01 mole) of 1,9~phenoxathiindi-
czrboxylic acid 10-dioxide in 750 ml. of 0.5% sodium car-
bonate solution. The solution was heated to ?0° and
approximately 40 g. of freshly prepared Raney nickel cata-
lyst was added, A&leo added was the amount of ethanol
necessary to effect the transfer of the cstalyet to the
reaction flask, The mixture was stirred at 75° for 30 min-
utes and cooled., The nickel was removed by filtration,
washed with four 50-ml. portions of 0.5% sodium carbonate
eolution and two 50-ml. portions of water, The filtrate
wag acidified to pH 7 and the aluminum hydroxide wae sepa-~
rated by filtratlon, After the filtrate had been concen-
trated to approximstely 200 ml. and acidifled to pH 1-2,
there was collected 2,03 g. of white product melting over
the range 103-2370. Further concentration of the mother
liquor ylelded 0.34 g., melting range 108-289°,

The larger fractlon was digested with hot water and the
hot suspenslon was filtered, The materlal which had dis-
solved was believed to be a mixture of benzolc acid and m-
hydroxybengzoic acid. Collected from the fllter paper was
0.72 g« of crude product, m.p. 2#4—24?0, which was recrys-
tallized from acetone-water to yleld 0.56 g. of white
crystals, m,p. 2#7-2&90. A subsequent recrystellization
yielded 0.43 g. (16.7%) of 3,3'-dilcarboxydiphenyl ether,
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m.p. 2&9-2500. The infrared spectrum of this sample was
identical with that of the product obtained in the preceding
run,

The low yield of the deslired acld was due to the diffi-
culty in seperating thls material from & mixture which prob-
ably consisted of 1,9-phenoxathiindicerboxylic acid 10-
dioxide, 3,3'-dicarboxydiphenyl ether and m-hydroxybenzoic
scid., The last acld was belleved to have accompanied benzoiec
acid ae an ether-cleavage product since s purple color was
obtained when a sample of the crude mixture wae tested with

ferric chloride,

Hydrogenolyeis of 4,6-phenoxathiindicerboxylic acid

Run I, This resction was carried out according to the

85

procedure employed by Mozingo and coworkers for the cleavage
of diphenyl sulfide and by Shirley and Leht:o59 for the
cleavage of l-phenoxathiincarboxylic acid l0-dloxide.

In a 250-ml., three-necked flask fitted with & stirrer,
a reflux condenser and a stopper were placed 2.0 g. (0.007
mole) of 4,6-phenoxathiindicarboxylic aoid (m.p. 266-267°),
25-30 g. of Raney nickel and 150 ml. of 75% ethanol. The

mixture was stirred at the reflux temperature for 18 hours

and allowed to cool. Following removal of the nickel by
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filtration, the solution was concentrated to 20 ml,.,, made
alkaline, filtered and concentrated to & volume of 10 ml,
No acid eeparated upon acidificetion.

The Raney nickel was then extracted several times with
dilute sodium hydroxide solution and with ethanol-water mix-
tures. Following concentration, filtration and acidification
of these extracte there was obtalned 0.5 g. of white so0lid,
melting range 208-214° and 0.2 g., melting range 214-219°.
The first batch was recrystallized from ethanol-water to
yileld 0.25 g. of white crystals, melting range 21#-2220 and
0.15 g., melting range 208-212°. Due to the emall amount
and the state of purlty of the mixture, no further attempts
were made to isolate & pure product.

Run II. In & one-liter, three-necked flagk fitted with
a stirrer, a reflux condenser and a thermometer was placed
25-30 g. of Raney nickel catalyst. The ethanol accompanying
the nickel was washed out of the flask by decantation with
two 100-ml, portione of 0.5% sodium carbonate solution. A
solution of 2.0 g. (0.007 mole) of 4,6-phenoxathiindicarb-
oxylic acid (m.p. 266-267°) in 600 ml. of 0.5% eodium
carbonate wee added to the flagk and the stirred mixture
was heated to 75° over a perlod of 45 minutes, After an
edditional 30-minute period at 75° the mixture wae cooled.

‘The nickel was removed by filtretion, weshed with 300 ml.
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of 0.5% sodium carbonete solution and with 150 ml. of water,
The filtrete was acidified to pB 7, filtered through Celite,
concentreted to 130 ml. and acidified to pH 1-2., There was
collected 1.05 g. of white acid melting over the range 109~
140°. The mother ligquor wae made alkaline, concentrated to
40 ml. and ecldified to yleld 0.45 g. of white product
melting over the range 109—2300.

A small amount of the solid melting over the range 109~
140° wae tested for the presence of a phenol., Upon the addi-
tion of & solution of ferric chloride to the sample there
resulted a purple color which was of the same hue as that
given by e ealicylic ecid blank, Authentic samples of ben-
zolc acid and 2,2'-dicarboxydiphenyl ether gave negative
ferric chloride tests., It was bellieved that the reaction
mixture contained benzolc acld, salicylic acid and 2,2'-
dlcarboxydiphenyl ether, the first two aclds having been
produced by cleavage of the diphenyl ether linkage.

The 1,5 g. of white solid, believed to be a mixture of
three aclde, was subjJected to vacuum sublimation. The process
was carried out over a temperature range of 100-120° at 0.01
mm, The sublimate welighed 1.12 g. and melted over the range
112-129°. The residue, which welghed 0.35 g. and melted
over the range 219—2230, was recrystalllized from water to

yleld 0,28 g., melting range 224-228°, LAfter a
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recrystallization from a mixture of bengzene and methyl ethyl
ketone there was obtalned 0.20 g. (11.2%) of 2,2'-dicarboxy-
diphenyl ether, m.p. and mixed m.p. 227-229°, The infrared
spectrum of the product wes identical with that of an

authentic sample of 2,2'-dicerboxydiphenyl ether,112

Hydrogenolyeis of 1,6-phenoxathiindicarboxylic acid

Into a one-liter, three-necked flask fitted with a
stirrer, a reflux condenser and a thermometer wae placed a
solution of 2.88 g. (0,01 mole) of the yellow 1,6-phenoxa-
thilndicarboxylic acid (m.p. 347-350°, with decomposition)
in 750 ml. of 0.5% eodium carbonate. The solution wae
warmed to 70° and there were added 30-35 g. of Raney nickel
and the accompanying ethanol which wes used in the transfer
of the catalyst to the flesk, The mixture was stirred at
?0° for 30 minutes and then flltered. After the nickel hsd
been washed with four 50-ml, vortions of 0.5% sodium car-
bonate solution and with three 50-ml. ~ortlions of water,
the aluminum hydroxide was precinitated and removed by
filltration. Upon acidification of the filtrate there was
obtalned 1.40 g. of white 80l1id melting over the range 218-

o

229 . The mother liquor was extracted with three 75-ml.

portione of ether. Concentratlon of the ethereal extract
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yielded 1.05 g. of pale yellow golid, The material was
subjected to vacuum sublimatlion and there wse obtained a
white sublimate melting over the range 108-112°, The yellow
color and the high melting renge of the resldue indicated
that 1t wae principally unrescted starting material.

The 1.40 g. of white s0li¢ melting over the range 218-
2290 wag recrystallized from acetone-water to yield 1.10 g.
of white crystals, melting range 220-226°, with softening
at 217°. The crystale were dissgolved in hot acetone-benzene
and the mixture weg filtered and allowed to cool. The first
frection, a very small amount, melted over the range 240-
300°. When the mother liquor was progressively concentrated,
allowed to cool and filtered there were collected 0,38 g.,
melting range 220-228° and 0.32 g., m.p. 219-220°. When the
firet fraction was recrystallized from ethsnol-water there
wes obtalned 0,22 g. of white solid, melting range 220-228°,
with most of the sample melting at 220~221°. Recryetalliza-~
tion of the second fraction from ethasnol-water ylelded 0.24
g. of 2,3'~dicarboxydiphenyl ether, m.p. 220-2210. The
melting polinte revorted for 2,3'-dicarboxydivnhenyl ether are
2020121 and 2150122. A mixture of the product and an su-

thentlc specimen115 of 2,3'~dicarboxydiphenyl ether (m.p.

122p, pnechutz, V. Stoltenhoff and F. Voeller, Ber,,
58B, 1736 (1925).
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found 205-2100) melted over the range 208-215°., The infra-

red spectra of the two samplee are superimposable,

Cleavage of phenoxathiin by lithium, followed by hydrolyeils

A stirred mixture consisting of 20.0 g. (0.10 mole) of
rhenoxathiin, 1.53 g. (0.22 g. atom) of finely cut lithium
wire and 350 ml. of ether was heated at the reflux tempera-
ture for 16 hours. The pale pink suspension gave a positive
Color Test I. The mixture was filtered through a tube fllled
with glass wool and the filtered suspension was run into a
beaker of cold water, Following separation of the layere,
the ether lasyer was extracted with three 100-ml. portions
of dilute sodium hydroxlide solution. The dissolved ether
was expelled from the cloudy, aqueous solution which was
eubsequently stirred with Norit-A and filtered. Following
acidification of the cloudy filtrate there was collected
16.3 g. of white solid, m.p. 64-670. The product was re-
crystallized once from petroleum ether (b.p. 60-70°) and
twice from methanol to yleld 12.5 g. (61.9%) of 2-thioldi-
phenyl ether, m.p. 67.5-68.5°. (The product obtained by
the cleavage of phenoxathiin with sodium in liquid ammonia
was reported to melt at 65-670.90) A mixed melting point
with a sample of 2-thioldiphenyl ether, one which had been
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prepared by the reaction of sulfur with 2-1ithiodiphenyl

ether, was not depressed.

Preparation of 2-thioldiphenyl ether by the reaction of
sulfur with 2-1ithiodiphenyl ether

To a etirred solution of 34.0 g. (0.20 mole) of diphenyl
ether in 300 ml, of ether was added 154 ml. of a 1.36 M
solution (0,21 mole) of n-butyllithium. After a 48-hour
reflux period Color Test II wae falntly positive,

To the cool, stirred solutlion of 2-1lithlodiphenyl ether
was added slowly 6.56 g. (0.20 g. atom) of powdered sulfur.
Following the addition Color Test I wae negative. To the
stirred, white suepension was added 300 ml., of water., The
layere were separated and the ether layer was extracted with
100 ml. of water. The dissolved ether was expelled from the
aqueous solution by employing reduced pressure from a water
agpirator. Subsequent to treatment with Norit-A, filtration
and acidification there was collected 30.1 g. of vacuum-dried,
white go0lid, m.p. 62-650. After two recrystelllizations from
petroleum ether (b.p. 60-700) and two recrystallizations from
methanol, there was obtained 16.8 g. (40.5%) of 2-thioldi-
phenyl ether, m.p. 67.5—68.5°.

Anel. Calcd. for CypH1o0S8: 8, 15.85. Found: §, 15.80,
15.90.
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Oxidation of 2-thioldivhenyl ether to bis-(2-phenoxyphenyl)-
disulfide

In a 250-ml., three-necked flask fitted with & stirrer,
a reflux condenser and a separatory funnel contalining 2.92 g.
(0.01 mole) of lodine and a small smount of potassium iodide
in 115 ml. of absolute ethanol was placed a solution of
L,04 g, (0,02 mole) of 2-thioldiphenyl ether in 50 ml. of
gbsolute ethanol. The stirred mixture was warmed and the
iodine golutlon was added over a perilod of 2 hours. After a
l1-hour perilod of refluxing the lodine color was removed by
the addition of sodium blsulfite, The reaction nixture was
stirrsd with Norlt-A, filtered, concentrated to half the
originel volume and flltered to remove lnorganic salte, &After
geveral houre there formed 3.07 g. of colorless crystals, m.p.
74,5-75,5°, One recryetallization from absolute ethanol
ylelded 2.90 g. (72.2%) of bis-(2-phenoxyphenyl)disulfide,
m.p. 75-76°.

Anal., Calcd. for CpuH,g0,8,: 8, 15.93. Found: B8,
15.85, 15.87.

There was very little difference in the infrared epectra
of 2-thioldiphenyl ether and ite dieulfide, with the exception
of the presence in the spectrum of the former compound of a

weak band at 3.9u which may be charscteristic of the thiol

group.
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Preparation of 2-phenoxyphenylmercaptoacetic acld from

2-thioldiphenyl ether and chioroascetic acid

A mixture consisting of 6.06 g. (0.030 mole) of 2-thiol-
diphenyl ether, 2.84 g. (0.030 mole) of chloroacetic acid
and a solution of 2.80 g. (0.07 mole) of sodium hydroxide in
75 ml. of water was etirred at the reflux teﬁperature for 4
hours., A nltrogen atmosphere wae maintained above the mix-
ture to prevent oxldation of the thiol to the dlsgulfide.
After the mlxture was concentrsted by distillation of 60 ml.
of the water, 1t was heated for an additional 6-hour period.

The reaction mixture was dissolved in 125 ml. of water,
the solution wae filtered and the filtrate was extracted with
two 50-ml. portions of ether. Following removal of the die-
gsolved ether, the salt solution wae acidifled to yield 7.15 g.
of white solid melting over the range 120-124°. An attempt
to purify the product by recrystallization from petroleum
ether (b.p. 78~115°) resulted in the loes of 2.1 g. of the
product., No change in the melting range wae effected. After
a digeetion with hot water, the residue was dlssolved in 5%
sodium carbonate esolution, the solution was treated with
Norit-4, filtered and scidifled. There was collected 3.4 g.
of white crystals, m.p. 125,5-126.5°. The procese was re-
peated to yleld 3.2 g. (40.2%) of 2-phenoxyphenylmercapto-
acetic acid, m,p. 126,5-127°,
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Anal, Calecd. for CthIZOZS: S, 12.32; neut. equlv.,
2860, Found: 8, 12.38, 12.32; neut. equiv., 260.5, 260.

Cleavege of phenoxathiin by lithium, followed by csrbonation

In & 500-ml., three-necked flask fitted with a stirrer,
a reflux condenser and two nitrogen inlet tubes were placed
2.5 g. (0.36 g. atom) of finely cut lithium wire and a solu-
tion of 30.0 g. (0.15 mole) of phenoxathiin in 350 ml. of
ether. After s 20-hour reflux period the suspension was
filtered through gless wool into a stirred slurry of ether
and Dry Ice.

When the carbonation mixture hed warmed to room tempera-
ture water was added and the mixture was flltered to remove
a small amount of resinous material., The layere were sepa-
rated and the ether layer wee extracted with two portione
of 1% sodium hydroxide solution. The acueous layer was
washed with ether,

By the anrlicstion of water aspirator vacuum the dis-
solved ether was exrelled from the aqueous solution. The
latter was clerified by treatment with Norit-A, followed by
filtration. Carbon dloxide was bubbled into the alkallne
galt solution, but no phenolic materlsl separated. The clear

solution wae scldified with hydrochloric acid and there was
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collected 10.2 g. of white e0lid melting over the range 134-
1740. During the course of attempts to separate the compo-
nents of the mixture by crystallization from methanol,
extraction with vetroleum ether (b.p. 60-70°) and digestion
with benzene, much of the product wae lost. It was found
that the lower-melting scld was soluble 1in benzene and that
the other sacid could be retained as a resldue upon filtration
of the hot benzene digestion mixture. By concentration of
the benzene solution there was obtalned 6.2 g. of solld,
melting range 128-142°, which was recryetallized from
methanol-water to yield 4.3 g. of crystale melting over the
range 138-1420. Upon recrystallizsation from benzene there
wae obtained 3.0 g. (8.1%) of 2-carboxy-2'-thioldiphenyl
ether, m.p. 142-143°.

Anal, Calecd. for 013H100381 g, 13.02; neut. equiv.,
123. Found: S, 13,08, 12.97; neut. equiv., 130, 130,

The agslgnment of the value of 123 for the theoretical
neutralization equivalent ig based upon the essumption that
the thiol group is sufficlently acidic to be titrsted with
sodium hydroxide using phenolphthaleln as the indicator. It
may be that oxldation occurs during the titration and that
some of the thiol groups are "tied u»" as the dlsulfide.

The fraction of crude acid which was ineoluble in ben-

zene melted at 229-231°, After two recrystallizations from
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methanol there was obtained 1.1 g. of crystals melting at
235-235,.5°, The compound is believed to be the dlsulfide
of 2-carboxy-2'-thioldiphenyl ether,

Anal, Caled. for 0253180682: 8, 13.07; neut. equlv,,
245, Found: S, 13,17, 13.24; neut. equiv., 242, 243,

The infrered gpectra of the two aclids from the reaction
mixture were almost identical. Thies was evidence that the
two aclids bear the thlol-disulfide relationship to each

other,
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DISCUSSION
Metslation Resctions

The investigator who has made & cursory survey of the
literature of phenoxathiin would visuslize s field of chemis-
try for which the ploneering research had been done., At
least one derivetive hed been prepared for each of the four
monosubstitution positions. The lithium atom could be intro-
duced into the 1-5% or the 4-5% position by metalation of
phenoxathiin-1C~oxide and phenoxathlin, respectively. The
product of bromination35, 2-bromophenoxathiin, could be con-
verted, by the halogen-metal interconversion reactlon, to

54 Therefore,

phenoxathiinyllithium, a valuable intermediste.
the 1ithionhenoxathline appeared to be the ideal starting
materiale for the preparation of other phenoxathiin
derivatives,

The literature contains no data from which can be made
an accurate estimation of the amount of 4-vhenoxathiinyl-
lithium that wae produced by the metalation of phenoxathiin
with n-butyllithium, The crude carbonation product has been
obtained in ylelds of 56 and 63%, but the yield of pure k-

phenoxathiinecarboxylic acid has not been reported.su
It was shown in this work that the crude carbonatlon

product contained coneidersble emounte of phenoxathiindi-
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carboxylic acide, The amount of metalation product which
formed & neutral deriv:tive wae considered sufficlently small
to be neglected. The extent of monometalation could have
been estimated from the neutrallization equivelent of the
crude mixture. Unfortunately, this determination was not
made on the crude product obtained in 76.2% yield (based upon
Lh-phenoxathiincsrboxylic acid). From this mixture there were
isolated ylelds of 36.9 and 1l.4% of pure 4-phenoxathiincarb-
oxylic acid and 1,6-phenoxathiindicarboxylic aclid, respec-
tively. In addition to the isolation of the 1,6-dlacld,
there are other data which indicate that the amount of mono-
metalation was less than 76.2%, :nd that more than 76.2% of
the n-butyllithium was used in metalation. Firet, the
average yleld of crude dlcarboxylic acids in the dimetalstlon
experiments waes greater than 90%; indicating that almost all
of the n-butyllithium was used in metalatlion. Second, in
these experiments the pure 4,6-diacid wae isolated in a yleld
approximately 3,5 times grester than that of the 1,6-dlacid.
Therefore, it would be expected that some of the 4,6-diacid
wag formed in the monometalation experiments, even though
none was 1solated. This dicarboxylic acid, being less soluble
than the 4-acid and more soluble than the 1,6-dlacid, ecould
have eselly escaped isolation. On the basls of these facts,

one can estimate conservatively that at least 85% of the
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n-butyllithium effected metalation in the resction in which
a 76.2% yleld of crude product wae obtained. Using these
two figures, it was calculated that 63.6% of the n-butyl-
lithium was used in monometalation and 21.4% in dimetalation.
2tated 1n another manner, the crude acid must have consleted
of e8lx moles of 4-rhenoxathiincarboxylic acid per mole of
phenoxathiindlcarboxylic acids.

Attempte were made to limit the metelation to the forma-
tion of the monolithium derivative. Some dimetalation took
place when n-butyllithium was used at low temperature for a
short period of time. Even when the reactlon was carried out
with phenylcalcium iodide, an orgsnometalllic compound which
is not an effecient metalating agent, but one which has
effected an anomalous metalational, 4-phenoxathiincarboxylic
acid and 4,6-phenoxathiindicarboxylic acid were 1solated in
small amounte. Methyllithlum showed the greatest promise as
& monometalating agent since no interferring dimetalation
occurred even though two equlvalents of the reagent were
employed. Though the crude acid was obtalnsd in & low yleld
(11.6%), it was in a relatively high stste of purity.

If 1t can be assumed that n-butyllithium metalates
phenoxathiin only in the positions which are grtho to the
hetero atoms, there are four phenoxathiindicarboxylic aclds

which would result upon carbonation. They are the 1,4-,
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1,6-, 1,9- and 4,6- derivatives., One of the vositions grtho
to the oxygen 1s kno»n to be especlally reactive since mono-
metalation occurs at the 4- poesition.

The two phenoxathiindicarboxylic acide prepared simul-
taneously by way of dimetalation of phenoxathiin were obtalned
in yielde of 8.9 and 34.7%. The acid melting at 266-267° was
proved to be the 4,6- derivative when it ylelded 2,2'-dicarb-
oxydiphenyl ether upon desulfurizaetion with Raney nickel,
Though the phenoxathiindicarboxylic acid melting at ca. 350°,
with decompoeltion, was obtained in the lower yleld, it was
the more interesting of the two lisomers. Thie acid was also
a product when phenoxathiin-10-oxide was treated with n-
butyllithium at room temperature. The higher melting isomer
ylelded 2,3'-dicarboxydiphenyl ether upon hydrogenolysis with
Raney nickel., Though this rroduct could be obtained upon
cleavage of either 1,6- or 3,6-phenoxathiindicarboxylic acid,
the latter acid was not considered ac a poeeible dimetalation
product since the 3- positlon is not gortho to a hetero atom.
Therefore, dimetalatlion of vhenoxathiln occurs in the 1,6~
and 4,6- posiltions.

The date gszthered in the course of this work prompt the
writer to view with amszement the report that 2-phenoxsathiin-
carboxylic acld acid wae 1solated subsecuent to the reaction

of 2-bromophenoxathiin (m.v. reported 58-59°) with four
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equivalents of n-butyllithium.>* (See p. 88.) In the first
place, there is the very important cuestion as to whether the
material which wae deslignated se 2-bromophenoxathiln was a
pure compound or a mixture. (This question is discussed under
Halogenation Reactions.) However, glven the benefit of the
doubt that there are two crystalline forms of 2-bromonhenoxa-
thiin, bne melting at ca. 60° and the other at ca. 90°, there
must be considered the posslbllity of metaslatlon accompenying
the hslogen-metal interconversion reaction. It was shown, by
cerrying out the reaction between phenoxathliin and n-butyl-
lithium under the conditlone employed for the interconversion
reaction, that metalation occurred to the extent of 0,71
ecuivalent of n-butyllithium, This flgure wac calculated
from the 64% yleld (based uron 4-phenoxathiincarboxylic acid)
of crude acld and the neutraligzation equivalent of the mix-
ture. Highly eignificant 1s the fact that 16% of the welght
of crude acid was due to phenoxathiindicarboxylic asclds., It
showe that dilithiophenoxathiine can be formed under these
conditionse. This writer does not believe that 2-phenoxathi-
inyliithium, the halogen-metal interconversion product, would
be resicstant to metalation. The 6- posltlion, ortho to oxygen
in the other ring, should be sufficlently reactive to allow
the formation of = large smount of 2,6-dilithliovhenoxathiin,

A comparison of the yleldes of the phenoxathiindicarboxylic
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aclde in the dimetalation experimente with those of 4-phen-
oxathiincarboxylic acid in the monometalation experiments
reveals that a lithium stom in one rinc does not inhibit
metalatlion in the other. However, granting that some of the
2-phenoxathiincarboxylic acld was formed in a significant
amount, its separation from the dicarboxylic acids would have
been s formidable task,

The structure of the scld prepared by way of the halogen-
metal interconversion reaction was proved in a recullar
fashion (gee ». 88.). Curiously enough, the “pure" acid
(melting range 260-265°) wes not compared with an authentic
specimen of the 2-acid (m.p. reported3> 259-260°), though
such a sample was avallable since it was mentlioned in another
part of the srticle.

The action of n-butyllithium on phenoxathiin-10-oxide
had been studled in thie Laboratory by Messre, T. L. Reid
and D. L. Esmay, who had lsolated an unknown acid. This
writer, knowinz that a complex reaction or serles of resc-
tions occurred, resorted to the low reaction temperature of
-50° in hopes of minimizing the secondary reactlons. It was
belleved that metalation and reduction occurred as in the
case of dlbenzothlophene-5-oxide and grbutyllithium.72 It
appeared feasible that if metalation preceded reductlion, and

if the metalsted phenoxathiin-l0-oxide were a sufficiently
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stable intermediate, this organometallic compound could be
derivatized by carbonation and s phenoxathiincarboxylic acld
10-0xide would result. This compound was not found, however.
The producte isolated were phenoxathiln, 2-carboxydiphenyl
ether, n-butyl mercaptan and l-phenoxathilincarboxyllic sacld.
The yileld of the laest compound was less than 5%.

When it was learned that Shirley and Leht059 hed carried
out the above reaction at -20° to room temperature and ob-
tained a 22% yleld of l-phenoxathiincarboxylic acid, the
reaction was repeated under these conditlione and a comparable
yield of the l-acld isolated. Thus, 1t apneared that more
cleavage had occurred under the mllder conditions. Then,
with the 1solation of diphenyl ether from both reaction mix-
turee, 1t was apparent that the reaction was not affected
anomalously by changes in conditions. 4 comparison of the
oversll yields (see Table 9, p. 137) under the two conditions
reveals approximaetely the same amount of cleavage, but more
metalation of the heterocycle at the higher temperature.

In order to prove that the formstion of 2-1lithio- and
2,2'-d111trlodiphenyl ether did not occur by way of & two-
atep proceee involving cleavage to diphenyl ether, followed
by metalation, the action of n-butyllithium on diphenyl ether
at ~50° wae investigated, No metalation took place at thie

temperature.
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2-Carboxydiphenyl ether, 2,2'-dilcarboxydiphenyl ether
and n-butyl mercaptan are logicsl cleavage producte of phen-
oxathiin-~-10-oxide, but the mechanliesm by which diphenyl ether
1s formed 1s not clear. Any cleavage of the heterocycle
would be expected to produce 2-lithio- or 2,2'-41lithlodi-
rhenyl ether or e lithio derivative gimilsr to the intermedi-
ate in Ecuestion 1, These orgsnometsllic compounds would
yield carboxylic aclds upon carbonation. Appreciasble amounts
of the aclde corresponding to the first two lithium deriva-
tives were 1solated, but only when the metalation reactions
were carried out at -50°. At the higher temperatures the
lithium atome were apparently replaced by hydrogen prior to
the cerbonation reactlon. ©£ince the sbsence of the carboxy-
diphenyl ether paralleled the formation of l-phenoxathiin-
carboxylic acid, it sppeared thet 2-1lithio- or 2,2'-dilithilo-
diphenyl ether may have metalated phenoxathiin-l0-oxide,
The cleavage and metalatlion reactions are illustrated by

Equations 1-3,

8-CeHgLi > L n-CaHgLi Li Li
=soc | | - (1)
0 0
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The metalation reactione may not occur to a significant
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extent until the mixture is allowed to warm above -20°. Such
e sltuation would explein the presence of large amounts of
the carboxydiphenyl ethers, yet little of l-phenoxathiincarb-
oxylic acid when the reaction mixture was carbonated after a
short reaction period at low temperature.

The mechanism was tested by adding a mixture of 2-

lithlo- and 2,2'-dilithiodiphenyl ether to phenoxathiin-10-
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oxide at -20° and allowing the reaction mixture to werm to
room temperature before carbonation. The work-up of the
mixture was attended by conslderable difficulty due to the
number and character of the products., A smsll quantity of
phenolic material wss separated, but could net be isolated
in sufficlent quantity to be identifled, The 1leolated quan-
tity of l-phenoxathiincarboxyllic scid 10-oxide was smsll,
but sufficient to give support to the postulated mechaniam.
This acid may have been formed by a reaction such aeg is
illustrated by Equation 2 or 3. Since no l-vhenoxathiin-
cerboxylic acld was 1solated, 1t appears that reduction of
the metalated compound 1is effected by n-butyllithium, but
not by the lithiodlphenyl ethers. It is not known whether
the isolated 2-carboxydiphenyl ether resulted from the 2-
lithiodiphenyl ether which was originally present in the
mixture or from that which may have been produced by the
reaction 1llustrated by Equation 2. Both alternatives are
poesible, Such & difficulty can be avoided by the use of
only one metalating agent. 2,2'-Dilithiodiphenyl ether could
be prepared conveniently from 2,2'-dilbromodiphenyl ether by
the halogen-metal interconversion reaction. The latter com-
pound was not avallable during thie work.

The lithium atom can be introduced into the 1- positlion

of the phenoxathiin ring system by metalation of either
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phenoxathiin-1l0-oxlde or phenoxathiln-10-dioxide. Metalation
of the former compound ie of limited synthetic value for
several reasons. The optimum reaction conditlons are diffi-
cult to achleve; the yield is poor; cleavage occure and many
interfering by-products are formed. Fortunately, the metala-
tion of phenoxathiin-10-dioxide 1s not accompanied by
cleavage, However, the sulfone group activates both the

l- and the 9-positions to such an extent that dimetalation
accompanied monometalation under the conditions which were
employed. Though Shirley and Lehto reported only l-phenoxe-
thiincarboxylic acid 10-dloxide from the reaction of phen-
oxathiin-10-dioxide with one equivalent of n-butyllithium,
it 1s believed that the dlcarboxylic acld could have been
formed but easlly escaped 1soclation. The work of Shirley
end Lehto demonstrated that the yleld of l-phenoxathiin-
carboxylic acid 10-dloxide could not be incre:ssed above 46%
by the use of 1.5 equivalents of n-butyllithium. The re-
sulte which this writer found upon using 1.5 equivalents of
n-butyllithium revealed that 1t would be extremely detri-
mental to use an excess of the metalating agent. The ylelds
of 15% mono- and 48% dicarboxyllic acid show that much of the
monolithium derivative ie converted to the dilithio compound

upon the additlion of excess metalating agent.
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When 1,9-vhenoxathiindicerboxyllic acld 10-dloxide wes
prepared by way of dimetalation of phenoxathiin-10-dioxide
the yield of crude product was 92,5%. Though there wae un-
doubtedly & conelderable amount of monocarboxylic acid formed,
the extent of dimetalation was greater than the 52.2% yleld
of pure 1,9-diascid indicatee. There are two reszsons why the
yield of pure dicerboxylic acld in this experiment is only
elightly greater than that obtained when 1.5 equlvalents of
n-butyllithium were employed. In the latter case a glightly
higher resction tempsrature waeg employed and an improved
method of separetion of the products was used.

The structure of 1,9-phenoxathiindicarboxylic acid 10~
dioxlde wes proved by hydrogenolysls to 3,3'-dlicarboxydiphenyl
ether., The 1solation of thls cleavage product is considered
to be adequate proof that the acid 1s the 1,9- derivative
even though two other phenoxathiindicarboxylic acids, the
1,7~ end the 3,7- derivatives, would also ylield the same
product. It is unlikely that metalation occurred in the 7-
position, one which is not ortho to either the sulfone group
or the ether linkage.

The behavior of phenoxathiin towards organolithium com-
pounds ie eimilar to that of dibenzo-p-dloxin. Metalation
of the latter heterocycle was limited to the formation of

the monolithium derivative only when methyllithium was
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employed. Two dlcarboxylic acids of dibenzo-p-dloxin were
formed &8s the result of reaction with 2.5 equivalents of
‘,t__lr--'but:;r}.1Mshj.t:tm.9‘\t

The oxygen and sulfur heterocycles can be arranged in
order of the decreasing extent of dimetalation. On the basls
of the decreasing ylelde of the dlcarboxylic aclds, the order
is: vphenoxathiin > dibenzo-p~-dioxin > thianthrene > dibenzo-
furan > dibenzothiophene. As far as the eage* of dimetalstion
1s concerned, dibenzo-p-dioxin ranke above phenoxathliin since
e monocarboxylic acid could not be isolated from the mixture
formed when dibenzo-p-~dloxin was treated with one equlvalent**
of n-butyllithium, %%

No thianthrenedicarboxylic acid was isolated from the
mixture of sclds obtained when l-thlsnthrenecarboxylic acid

wag prepared by way of the reactlion of thianthrene with one

equivalent of n-butyllithium.}23 Thie writer believes that

123p, R. Swayampati, Unpublished Ph.D. Theeie, Iowa
State College Library, 1955.

*Dimetalation of phenoxathiln occurs princlpally in
the two positione grtho to the ether linkage. Since the
structure of dibenzo-p~-dioxin contalns two ether linkages,
thils heterocycle would be expected to be more eaeily d4i-
metalated thsn phenoxathilin.

*#When phenoxathliin was metalated with one equivalent
of n-butyllithlum the dicarboxylic acilds which were produced
did not prevent the isolation of 4-phenoxathiincarboxylic
scid.



Vv

226

interfering amcunts* of thianthrenedlcarboxylic acid were
responglble for the difficulty encountered in obtaining the
pure product.

When dibenzofuran wae metalated with a slight excees of
one molar equivalent of n-butyllithium, high ylelde of crude
b-gibenzofurancarboxylic acid were obtained.lzb Both the
melting range of the crude product and the small loss upon
purlfication indicate lack of contamination by dicarboxylic
aclds,

The monometalation of dlbenzofuran by n-butyllithium was
described in an article?” which deals primarily with the
dimetalation of this heterocycle with n-butylsodium. A 77%
yleld of the dicarboxylic acid wae obtailned by csrbonation
of 4,6-disodiodibenzofuran. Dimetaletion of dilbenzofuran
by n-butyllithium was not mentioned,

Eemay109 obtained an excellent yleld of 4-dibenzothio-
phenecsrboxylic acid, but ileolated no dimetalation product
after treating dlbenzothiophene with 2.2 equlivelents of n-

butyllithium. The results were expected since dibenzothiophene

124H. B. Willie, Unpublighed Ph.D. Thegle, Iowa State
College Library, 1943,

125H. Gilman and R. V. Young, J, Am, Chem. Soc., 57,
1121 (1935).

*The ylelde of crude acild and pure l-thianthrene-
carboxylic aclid were 83 and 28%, respectively.
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has been shown to be less readily metalated than dibenzo-
furan.54

More vigorous conditione are required for metalatlon
and dimetalation of the three sulfur heterocycles than for
the corresponding dloxides: phenoxathiin-10-dioxide, thian-
threne-5-dloxide and dibenzothiophene-5-dloxide, The two
dioxldee in which the sulfone group is in six-membered rings
appear to be more readily dimetalated than dlbenzothiophene-
S-dloxide.

Acetylation of Phenoxathiin

After the many fruitlecs attempts to prepare 2-bromo-
phenoxathlin by the direct bromination of phenoxathiin, 1its
synthesls was accomplished by a four-gtep process which began
with the preparation of 2-ascetylphenoxathiin, Though 1t was
believed (and this belief was subsequently confirmed) that
the second product, the oxime, would be more eagily purifiled
than the ketone, intensive efforts were made to obtain a pure
sample of 2-acetylphenoxathiin in order to verify one of the
two melting points (111-112035 and 117.5-118052) reported
for this compound. The pure sample melted at 116.5—118.5°.

The recovery of a large amount of phenoxathiin, the

isolation of 2,8-dlacetylphenoxathiin and the difflculty
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encountered in obtaining pure 2-acetylphenoxathiin suggest
that the acetylation may have occurred in a random fashion.
It would appear that the three materisls named above, which
are moet expected to be present in the crude reactlion mixture,
would be sufficiently different in solubility and bolling
point to allow a clean separation. Either thie wae not the
case or another product wae present in the mixture., There
are several reszsons why the latter alternative appears prob-
able. First, there 1e the poesibility that the 2-acetylphen-
oxathiin (m.p. 111-112°) of Suter and coworkers’> could have
contained a small amount of another acetyl derivative, since
it yielded an oxime (m.p. 142-143°%) which d1d not agree in
melting point with that (m.p. 158-159.50) found by Nobies and
coworkers2 and (m.p. 156-158°) by this worker,

In this thesis 18 described the isolation of 2,8-
diacetylphenoxathiin from the residue which remained after
distillation of phenoxathiin and 2-acetylphenoxathiin.

SButer and coworkers did not employ a distillation in the
work-up procedure by which 2-acetylphenoxathlin was obtained,
but purified the product by three recrystallizations from
ethancl. Unless 2,8-diacetylphenoxathliin wae removed pre-
viously by trituration or se a first fraction from a dillute
solution, this compound probably would have crystallized

along with the more soluble 2-acetylphenoxathiin.
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Second, since the Friedel-Crafts reaction of phenoxathiin
with succinic anhydride ylelded both the 2- and the 3- deriva-
tives, 1t 18 not unlikely that the very simllar resction,
acetylation, would yleld both 2- and 3-acetylphenoxathiin.

Third, it would not be illogical to expect some acetyla-
tion of phenoxathliin to occur at all of the four positions.
Acetylatlion at the position ortho to the sulfur 1s not with-
out precedence since the acetylation of dibenzothiophene
yielded a mixture from which both 2- and 4-acetyldibenzothio-
phene were 1solated.126'127

Reactlons of Z2-Substituted Phenoxathiin-l10-dloxides

Nitration of phenoxathiin-1l0-dlioxide sppeare to be the
most convenient method of introducing s functional group into
the 2- position of the phenoxathiin ring system, ‘The reac-
tion 1is easlly performed and a relatively pure product can
be isolated without employing an extensive purification pro-
cedure, Other mononitration products which may be difficultly

separsble should not be formed in significant amounts. The

126, Burger, ¥. B. Wartman, Jr. and R. E. Lutz, J, Anm.
Chem, Soc., 60, 2628 (1938). |

127

(1939) A, Burger and H., W. Bryant, J. Org. Chem,, 4, 119
1939).
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2- poslition, which is both meta to the ring-deactivating
sulfone group &nd para to the ether linkage, should be the
principal position susceptible to attack by electrophilic
reagents.

Though the melting points found for 2-aminophenoxathiin-
10-dioxide (169-176°, 175.5-176°) were different from those
reported52 (183~164,5°, 164-165°), thils difference may be due
to polymorphiem. The higher-melting sample contained the
theoretlcal percentage of sulfur and was converted in good
yield to the known 2-chlorophenoxathiin-l10-dioxide. Thise
amine was also used as the starting material for the prepara-
tion of 2-bromo~ and Z-lodophenoxathiin-l0-dloxide, two new

compounds.,
Reduction of the Sulfone Croup by Lithium Aluminum Hydride

The reduction of phenoxathiln-10-dioxide to phenoxathiin,
a hitherto unreported reaction, was accomplished by the use
of 1ithium aluminum hydride., Though the yleld was moderate
and 1t 1s probable that some cleavage occurred, 1t 1s likely
that the condltions can be modifled to give a large yleld.
It did not appear thst dehalogenation accompanied the reduc-
tion of 2-chloro- and 2-bromophenoxathliin-lO0-dioxide to

2-chloro- and 2-bromophenoxathiin,
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The two most convenlent reactions for the introduction
of groups into the 1- and the 2- position, metalation and
nitration, respectlively, are substitution reactions of
rhenoxathiin-10-dloxide. The value of these reactions has
been increased considerably by the demonstration that phen-
oxathiin-10-diloxldee cen be reduced to the corresponding

phenoxathiin derivetives,

Halogenation Reactions

The reaction of phenoxathiin with sulfuryl chloride in
pentane ylelded & mixture from whlch two compounds were iso-
lated, One of these (m.p. 168-169°) was undoubtedly the same
as the _, -dichlorophenoxathiin (m.p. 167-168°) which IrieSo
obtained from the reaction of phenoxathiin with chlorine,
The other compound (m.p. 79-810) wae designated as 3-chloro-
phenoxathiin after a re-examination of an o0ld product from a
Ferrario reaction.

3k obtained from the Ferrarlo resction

Suter and Green
of 3-chlorodiphenyl ether a material which was reported to
melt at 59-600. Depending upon whether ring-closure occurred
through the 2- or 6- poeltion in 3-chlorodiphenyl ether, the
product would have been 1l- or 3-chlorophenoxathiin, respec-

tively. The inveetigsators belleved the product was
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3-chlorophenoxathiin., On thie basls they designsted the
chlorophenoxathiin (m.p. 81-82°) obtained by chlorination
of phenoxathiin ss the 1l- derivative.

Irie50, by an unambiguous synthesis, prepared l-chloro-
phenoxathiin (m.p. 78-800). the other expected product of
the above-mentioned Ferrarlo reaction. Since the l-deriva-
tive did not melt at 59—60°, this confirmed Suter and Green's
cholce of the 3-derivative as the product from the ring-
closure rezction. However, when Irie found (by a mixed m.p.
depreesion) that the product of chlorination (m.p. 78-790)
wag not l-chlorophenoxathliin, he wae reluctant to designate
it ag the 3- derivative, since this compound was reported to
melt at 59-60°.

A sample of the product (m.p. reported 59-60°) from the
Ferrarlo reaction was further investigeted in the present
work. Thie material (m.p. found 61-67°) was found to be a
mixture of two compounds, one of which (m.p. 80—820) wae the
seme ae the chlorophenoxathlin obtalned from the reaction of
prhenoxathiin with sulfuryl chloride. The other compound was
not identified. Therefore, both the Ferrario reaction of
3-chlorodiphenyl ether and chlorinstion of phenoxathiin
produced 3-chlorophenoxathiin, m.p. cs. 80°.

It 18 reasonable to believe that 3-chlorophenoxathiin

wae not the only monochlorination product of phenoxathiin.
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Other chlorophenoxathilne mey have been formed but escaped
isolation. It 1s lilkely that the 2- 1somer was produced
since 2-bromophenoxathiin was one of the products of the
bromination of phenoxsthiin. The lack of 2-chlorophenoxa-
thiin would be considered anomelous in view of the high
reported ylelds of 2-bromophenoxathiin. However, the bromi-
nation experimente in this work revealed that the 2-position
was not as reactive as had been belleved.

In the inltlal stagee of thie work 2-bromophenoxathiin
wags considered & key compound, one which would serve as a
useful etarting material., However, after the unsuccesgful
attempts to repeat the bromination of phenoxathiln, a reac-
tlon which was renortedl” to give an 83% yield of 2-bromo-
phenoxathiin (m.p. 59-600), the compound became more important
a8 a product than &g a starting materiel. When 2-bromophen-

oxathiin was prepared by two unambiguous syntheses (See

“Preparation of 2-bromophenoxathiin® and "Preparation of

2-bromophenoxathiin from 2-aminophenoxathiin by the Sgndmeyer
reaction".) and found to melt at 90-91°, the bromination

reaction became open to considereble speculatlon.

Since the materials which had been obtained during the
work on the bromination mixtures melted at temperatures
higher than the melting polnt reported for 2-bromophenoxathi-
in, it was belleved that some high-melting impurlty wae
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present. However, since no pure product had been 1solated
from the mixture and it did not appear promiseing, the writer
did not return to i1t after finding that 2-bromophenoxathiin
melted at 90-91°. It is likely, however, that some pure
2-bromophenoxathlin could be isolated by a fractional recrys-
tallligation process in which seede of the authentic compound
are employed, That 2-bromophenoxathiin was formed by bromi-
nation was proved when 2-bromophenoxathiin-10-dloxide was
isolated from the products which resulted upon oxlidation of
the crude bromination mixture. It 1s doubtful that 2-bromo-
phenoxathlin was produced in a yleld whiech would approach
the reported 83%. If such had been the case, it 1e¢ likely
that the compound could have been esslly purified since the
number and aemount of impuritieg would have been quite low.
The results of the sulfur analysis of one crude fraction
indicated that some dlbromophenoxathliin was present. Also,
1t would not be 1llogical to susvwect that the mixture con-
talned some 3-bromophenoxathiln since 3-chlorophenoxathiin
was produced upon chlorination of phenoxathlin,

Since 2-bromophenoxathiin melted at 90—91° and fractions
of the crude dibromination mixture melted at temperatures
over 1150, this writer views with susplcion the reported35’58,
melting points (92° and 92-93°) of 2,8-dibromophenoxathiin.

However, something must explain the seeming lack of difference
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in solubllity between the mono- and dibromophenoxathilns,

and if 2,8-dlbromophenoxathiin does melt at 920, it is likely
that 1t would be very similar in solubility to 2-bromophen-
oxathiin, The isolation of a pure dibromophenoxathiin may
not have been a problem of merely separating bromo- and di-
bromophenoxathiins, The mixture may have contained 2,7- and
2,8-dibromophenoxathiin.

Iodophenoxathiine have been prepared from 2- and 3-
aminophenoxathiin and from 4—phenoxathiinyllithium.75 There
hees been no report of an iodination of the phenoxathiin ring
syetem or of the preparation of an iodophenoxathiin-10-
dloxide., In thils work 1s described the nitric-acid catelyzed
iodinstion of phenoxethiin-10-dloxide, the third successful
substitution reaction which has been performed on this com-
pound. 2-Iodophenoxathiin-10-dloxlde was isolated in a low
yield from e mixture which waeg believed to contain only
starting materisle and the one organic product. The yleld
did not suffer from loesges incurred 1ln separsation of the
product from isomers and polyhalogen derivatives, a situation
which prevelled in the caee of bromination and chlorination
of phenoxsathiin. The recovery of & large amount of iodine
indicated that the reaction was qulte slugglsh. It is be-
lieved that more powerful iodination condltions can be
employed and the yield of Z2-1odophenoxathiin-l10-dloxide can
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be increased without the daﬁger of dilodination occurring.
Herein 1l1es the sdvantage of phenoxathiin-10-dloxide over
phenoxathiin as a starting materlal in substitution reactions.
The mets~-directing and ring-deactivating sulfone group may
1imit substitution to the 2- vosition and inhibit disubsti-
tutlon,

Oxidation Reactions

The hypochlorite oxidation of 2,8-diacetylphenoxathiin
was carried out according to the method employed by Tomitaes,
Irieso and Suter, McKenzie and Maanll35 in order to deter-
mine whether the sulfide linkage would be oxidized. The
isolation of 2,8-phenoxathiindicarboxylic acld 10-dioxide
(68.7%) 1s in agreement with the work of Tomita and Irie,
both of whom found that oxidation of the sulfide to the
sulfone accompanled the converslon of the acetyl to the
carboxyl group. ©Suter and coworkers had reported that 2-
phenoxathiincarboxylic scid wés the product of the hypo-
chlorite oxidation of 2-acetylphenoxathiin. Since oxidation
to the sulfone wae observed in three of the instances, atten-
tion is focused upon that preparation which 1le not in agreement.

Firet, the only analytical datum reported for 2-phenoxa-

thiincarboxylic acld was a neutralization equivalent of 239,
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which 1s 5 units below the theoretical value of 244, Whether
the low neutralization equlvalent was due to experimental
error or to & phenoxathiindicarboxylic acid 1s a matter of
speculation., Such an acld would have arlsen from a diacetyl-
phenoxathiin in the sample of the materiel oxidlzed. Though
guch a compound wae not mentioned ae a by-product in the
preparation of 2-acetylphenoxathiin, it 1s likely that its
presence may have been undetected. (See the discussion of
the acetylation of phenoxathiin,)

Two facts indicate that there mey be little difference
between the reported 2-phenoxathilncarboxylic acid and the
2-phenoxathiincarboxylic scid 10-3ioxide (m.p. 268-269°) which
Irie prepared by the same method. An asuthentic specimen of
the former acid (m.p. reported 259-260°) melted over the
range 265—2740. Thie range includes the temperature reported
by Irie for the melting point of the 10-diox1de. The infra-
red spectrum of & sample of the acld contained s band at 8.6u
which ie characteristic of the sulfone group. Therefore the
material would be expected to contain some 2~-vhenoxathiindi-
carboxylic acid 10-dloxide.

The scld from the haloform reaction was designated35 as
2-phenoxathiincarboxylic acid since it did not deprees the
melting point of a sample of acid (m.p. reported 260-262°)

prepared from 2-bromophenoxathiin (m.p. reported 59-60°) by
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way of the Grignard reaction.35 This preparstion is open

to question since the melting point of the starting material
wae ca, 30° lower than that found for 2-bromophenoxathiin
(m.p. 90-91°) in this work.

A pampls of the material which had been prepared by the
Grignerd reaction melted over the range 188-260°. It 1s
probable that the compound could have changed in the twenty-
year interval since its preparation. However, elnce this
gsample was reported to melt at approximately the same tempersa-
ture ag the one from the haloform reaction, it is peculiar
that one should now melt over a 70°~range below, and the

other over a 9°-range ebove the original melting point.
Cleavage Reactions

Raney nickel cleavage of the sixteen phenoxathiindi-
carboxylic acids would yleld eleven dicarboxydiphenyl ethers.
The structures of seven of the phenoxathiindicerboxylic acids
could be proved unambiguously by this reaction. The other
nine acide would yleld the remaining four dicarboxydiphenyl
ethere. Supplementary data are necessary in order for the
cleavage reaction to be used in the proof of the structures
in thoee cases where more than one phenoxathilndicarboxylic

acid would yleld the same produet upon cleavage.
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The three acids prepered by dimetalation of phenoxathiin
and phenoxathiin-l0-dloxide were cleaved by Raney nickel.
Cleavage of 1,6- and 4,6-phenoxathiindicaerboxylic acid yielded
2,3'~ and 2,2'-dicarboxydinhenyl ether, respectively. The
isolation of the latter aclid furnished unambiguous proof of
the structure of the 4,6- derivative. Theoretically, the
2,3'-dicarboxydiphenyl ether could result from desulfuriza-
tion of either 1,6~ or 3,6-phenoxathiindicarboxylic acid.

The Raney nickel hydrogenolysis of 1,9-phenoxathiindicarb-
oxylic acid 10-dioxide ylelded 3,3'-dlicarboxydiphenyl ether,
an acid which could be produced by cleavsge of the 1,7-, 3,7-
and 1,9-diacids. The data involved in the elimination of

the 3,6-, 1,7- and 3,7- derivatives were presented in the
dlscuesion of the dimetslatlion reactions.

The ylelds of the dicarboxydiphenyl ethers were low
since the desulfurization reaction wae accompanied by some
cleavage of the ether linkage., Thig side reaction vroduced
benzolc and hydroxybeﬂzoic acide. Though the hycroxy acids
were not lsolated, positive tests for the phenolic hydroxyl
group indlecated their presence. Not only was the yleld de-
creased by the ether cleavage, but the problem of 1solatlng
the dlcarboxydiphenyl ethers was magnified by the presence

of the two aclds from the secondary reaction., It may be
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poesible to minimize the ether cleavage by decreasing the
amount of the cetalyst, the temperature'or the reaction time,

The ether cleavage may not have been as great when 75%
ethanol instead of 0.5% sodium carbonsete wae employed as
the solvent for the reaction. However, the first method was
abandoned when it was found that most of the product remained
adsorbed on the nickel followling filtration. Several ex-
tractions of the catalyst were required before a significant
amount of the product could be obtalned.

Cleavage of a carbon-sulfur bond occcurred when nhenoxa-
thiin was treated with lithium 1n refluxing ether. The
product of the cleavage was deglgnated as the lithium salt
of 2-1ithlo-~2'-thioldiphenyl ether. Thie compound gave &
positive Color Test 1111 and was converted into 2-thioldi-
phenyl ether by hydrolysls and into 2-carboxy-2'-thioldi-
phenyl ether by carbonation. The positive color teet and
the formation of the carboxylic scid proved that the cleavage
product contained a carbon-lithium bond.

The above hydrolysis product was shown to be identical
with an authentlc specimen of 2—thioldlphenyl ether which
was prepared by the reaction of sulfur with 2-l1ithiodinhenyl
ether, Partial proof that the product was the thiol and not
the oxidation product thereof, the disulfide, lay in the

presence of the thlol band in the infrared epectrum of the
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compound, Additionsl proof wae provided by oxidstion of the
thiol to the disulfide by means of lodine in ethsnol. This
oxidation product, bie-(2~-phenoxyphenyl)disulfide, afforded
an infrared spectrum which was, wlth the exception of the
eabsence of the thiol band, identical with that of 2-thiol-
diphenyl ether,

A second derivative of 2-thioldiphenyl ether wae pre-
pared by the resction of the thiol with chloroscetic scid.
The designation of the product as 2-phenoxyphenylmercapto-
acetic acid was besed upon the reaction by which it was
prepared and upon the sgreement between the experimentsl
and theoretical values for the neutralization eguivalent
and the percentage of sulfur,

The proof of the structure of 2-carboxy-2'-thioldiphenyl
ether is based upon the following evidence. First, the acid
contained the theoretical percentage of sulfur. Second, the
compound wae easily oxidized, a reaction characteristic of
thiols., Third, there was lsolated from the same reaction
mixture an acid whlch was the disulfide of 2-carboxy-2!'-
thioldiphenyl ether. The experimental values of the per-
centage of sulfur and the neutralization equivalent were in
good agreement with the ceslculated values for this dicerb-
oxylic acid. The infrared spectra of 2-carboxy-2'-thioldi-

phenyl ether and its dilsulfide were almost identical, a
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property which would be expected of compounds bearing the
thiol-disulfide relstionehip to one another,

The yield of the cerbonatlion product was much lower
than thet of the hyirolysels product. No attempt is made to
explein thie eince sach reacticn was carried out only one
time,

The cleavage by lithium ehows no promise ae & reaction
for the proof of the structures of phenoxathiin derivatives,
After cleavage of an unsymmetricslly subetituted phenoxsthiin
there would be the problem a8 to which phenyl ring contained
the thiol group. Aleo, the cleavage product would likely be
an unknown compound which would be difficult to synthesize
by another route.

The most commonly employed method for preparing an
organometallic compound involves the reaction of s hslo com-
pound with a metal such as magnesium or lithium. ¥hether a
phenoxethilnyllithium could be prepared from s hslophenoxa-
thiin and 1ithium without accompanying cleavage would depend
upon the reactivity of the helogen. E£uch a reaction would
be of value only if 1t would take place at a temperature

below that at which cleavege occurs.
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Melting Points®

Some of the variables which determine the melting point
of & compound are symmetry, crystal structure, dipole moment
and intermolecular forces. However, quantitative dste con-
cerning theee factors are frequently lacking for the compounds
which concern the synthetic organic chemist, Therefore, if
one makes predictlions or correlations based upon the one
known physicel constant, melting point, he relies upon intu-
ition and simple analogy.

Upon examination of the tablee of the melting points of
derivatives of phenoxathiin one obeerves trende in this con-
stant, two different melting points reported for some con-
pounds and those melting pointe which appear "out of line*,
This discuesion may bring to attention the possibility that
some of the compounds exhibit polymorphiem, that stereolso-
merlsm may exiet or that a compound may not actually be ae
designated.

There appears to hbe a trend in the melting points of
the monosubstituted derivatives of phenoxathiin. In the
ma Jority of the avallable examples, the 4~ derivative has

the lowest and the corresponding 2- derivative the hichest

*References for all the melting pointe discueeed in
this section are listed in Tebles 4-8,
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melting point. The 1l- and the 3- derlivatives melt at approxi-
mately the same temperature., This relationship 1is shown in
Table 10. |

Exceptione to the above generalization are exhibited by

the methyl- and acetamidophenoxathilins., The melting point

Table 10, ERelationship between melting point and poeition of
the substituent

Compound Melting points of the four isomers
1- 2- 3- b~

Chlorophenoxathiin 78-80 88-9 81-2 liguid
Bromophenoxathlin -—— 90-1 —-— ——
Iodophenoxathiin -—— 92-4 702 42,5-3
Aminophenoxathiin -—— 93-5 81.5-3 ligquid
Phenoxathlincsrboxylic  223-4 260-2 223-4 171-3
acid
Methyl phenoxathiin- 95-6 ——— —— liquid
carboxylate
Phenoxathiincarboxylic 197-8 ——— —-——— 127-8

acld hydrazide

Y ~0Oxo-phenoxathiin- S 191-2 159-61 -—
butyric acid

Methylphenoxathiin —— 38-9 83-4 liquid
Acetamidophenoxathiin - 129-30 181-2,5 ——
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of 2-scetamidophenoxathiin appears low not only in comparison
with that of 3-acetamidophenoxathiiln, but upon consideration
that acetamides usually melt at temperatures higher than 35°
above the melting point of the corresponding low-melting
amine. The melting point of 3-methylphenoxathiin (?) appears
high in comparison with that of the 2- derivetive, Though
the melting point of 83-84° 1g in agreement with that of the
3-chloro-, lodo-, and amino- derivatives, one would not ex-
pect the methyl group to have the same effect as the amino
and halo groupe upon the melting point., It is shown in Table
11 that this compound 1g the only mono-methyl-subetituted
phenoxathiin which melte above the perent compound.

The introduction of a methyl group into & derivative
containing no methyl groups lowers or hae no effect on the
melting point of the derivative. Since the 2,8-dimethyl-
derivatives are symmetrically subetituted, they would be
expected to melt higher than the parent compounds.

The last pair of compounds exhibite in Table 11 &n
exception to the generalization mentioned. It appears that
2~chlorophenoxathiin-10-dloxide, a well-established compound,
hae an snomalous melting point since 2-amino~-, 2-bromo- and
2-1odophenoxathiin-10-dloxide melt in the range 171-176°.

The structure of 2-chloro-8-methylphenoxathiin-10-dioxide

was not proved, making the comparieon between this compound
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Table 11. Effect of the methyl group upon melting pointe

Parent compound M.p.,o M.p.,° Methyl-substituted
compound
Phenoxathiin 56 38-9 2-Methylphenoxsthiin
Phenoxathiin 56 83-4 3-Methylphenoxathiin(?)
Phenoxathiin 56 liquid U4-Methylphenoxathiin(?)
Phenoxathiin 56 74 2,8-Dimethylphenoxa-
thiin
2-Aminophenoxathiin 98 97 2-Amino-8-methylphen-
oxathiin
2-Nitrophenoxathiin 160 160 2-Methyl-8-nitrophen-
oxathiin
Phenoxathiin-10- 147-8 134-5 2-Methylphenoxathiin-
dloxide l10-dioxide
Phenoxathiin-10- 147-8 138-9  3-Methylphenoxathiin-
dloxlde 10-dioxide
Phenoxathiin-10- 147-8 141-2 4-Methylphenoxathiin-
dloxide 10-dioxide
z-Nitrophenoxathiin- 196.5 196-7 2-Methyl-8-nitrophen-
10-dioxide oxathiin-10-dioxide
2«-Chlorophenoxathiin~ 158-9 173 2-Chloro~8-methylphen-
10-dloxide oxathiin-10-dloxide

and 2-chlorophenoxathiin-l10-dioxlde of limited value. However,
thls eglight difference in melting point caste a doubt on the
asslgnment of the structure 2-chloro-8-methylphenoxathiin-10-
dioxide to the compound melting at 173°.
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An important compound for which have been reported two
melting points differing by 53° 1e 2,8-disminophenoxathiin.
(Both syntheses have been described in the Historical section
of this thesis.) In Tsble 12 these two melting points are
compared with those of 1,3~ and 3,7-dlaminophenoxathiin., The

Table 12. Melting pointe of dlamino- and dinitrophenoxs-

thiins
Compound Melting points of the three

isomers

1‘3- 218" 3!7-

Diaminophenoxathiin 158 118, 167-8
166-8,
171-3

Dinitrophenoxathiin 187 143 204-5

melting points of 118° ana 1#3o for 2,8-diamino- and 2,8-
dinitrophenoxathiin, respectively, are in the expected re-
lationship to one another, but much lower than those of the
analogous 1,3- and 3,7~ derivetives., If the correct melting
point for 2,8-dlaminophenoxathiin is approximstely 170°,
2,8«-dinitrophenoxathiin would be e xwected to melt at approxi-

mately 2000.
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The melting polnts of the 2-substituted-8-nitrophenoxa-
thiine follow no discernible pattern. All of the four
disubstituted derivetiveeg listed in Table 13 were prepared
by Irie.>® The melting point of 128-129° for 2-chloro-8-
nitrophenoxathiin was reported by Kriehna.67 It 1s not known
which melting point for 2-chloro-8-nitrophenoxathiin is cor-
rect. Though Irie made no mention of the relationship
between the melting temperatures for the following three
compounds, the writer of this thesis would expect 2-methoxy-
8-nitrophenoxathiin to melt lower, and 2,8-dinitrophenoxa-
thiin to melt higher than 2-nitrophenoxathiin. If the
melting points as reported are correct, the nitro and
methoxy groups have very lnteresting effects upon the

melting polints,

Table 13. Melting polnts of 2-substituted- and 2-substituted-

8-nitrophenoxathiins
Parent compound M.p.,o M.p.f’ Nitro derivative

2-Methylphenoxathiin 38-9 160 2~-Methyl-8-nitrophen-
oxathiin

2-Chlorophenoxathiin 88-9 195 2-Chloro-8-nitrophen-
(128-9) oxsathiin

2-Methoxyphenoxathiin ---- ca., 300 2-Methoxy-8-nitrophen-
oxathiin

2-Nitrophenoxathiin 160 1413 2,8-Dinitrophenoxathiin
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The melting points of many of the derivatives of phen-
oxathiin, phenoxathiin-10-oxide and phenoxathiin-l0-dioxide
increase with the increase in oxidation state of the sulfur,
i.e., the phenoxathiin derivative melts at the lowest, and
the corresponding phenoxsthiin-10-dloxide derivative melte
at the highest tempersture. However, the following pairs
of compounds exhibit exceptions to this generalizetlon:
phenoxathiin-10-oxide (m.p. 155°) and phenoxathiin-10-dioxide
(m.o. 147-148°), l-nitro-3-phenoxathiincarboxylic acid (m.p.
262°) and the 10-oxide (m.p. 251-2520), l-phenoxathiincarb-
oxylic acid 10-oxide (m.p. 262°) and the 10-dioxide (m.p.
229-231%), 1,3-dlaminophenoxathiin-10-oxide (m.p. 262°) and
the 10-dloxide (m.p. 228°).

The lower of the two melting points, 136-137° and 193~
194°, for 2-phenoxathiinacetic acld appears to be more prob-
able to this writer., It ig belleved that the difference
between the melting point of 2-phenoxathiincsrboxylic acid
(m.p. reported 259-260°, 260-262°) and 2-phenoxathiinacetic
acid should be greater than 70°, but less than 125°. The
reported melting point of 2-phenoxathiincarboxylic acid 1s
questioned. It is predicted that the melting point of thise
compound would fall in the range 230-2400.

There 1s no doubt that 2-bromophenoxathiin has a melting
point of 90~91°. There may be another crystalline form which
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meltes at 59~60°. The occurrence of two forme would account
for the difficulty encountered by this worker in 1isolating
a pure bromophenoxathiin from the bromination mixture. If
the melting point of 2,8-dibromophenoxathiin is 92-93o as
reported, and there 1e only one form each of 2-bromo- and
2,8-dibromophenoxathiin, the melting point of the dibromo

compound 1s unexpectedly low.
Suggestione for Further Research

Aminophenoxathiins and aminophenoxathiin-l10-dloxides
are the best starting materiale for the preparstion of many
derivatives of phenoxathiin. 2-Nitrophenoxathlin-l0-dlioxide
can be readily reduced to z-amlnophenoxathi1n—10—dioxide.52
l-Aminophenoxathiin-10-dioxide and l&-—auui.noph!anoxs.tt'u.j.nsl'P
should be prepared from the corresponding lithium compounds
and O-methylhydroxylamine., The 1~ and 4~ amines will be
contaminated by diamines resulting from dilithio derivatives.

The value of the metslations of phenoxathiin and phen-
oxathiin-10-dloxide would be enhanced considerably if the
retio of mono- to dimetalation were incressed. It 18 prob-
able that this may be accomplished by employing lower
temperstures and lese than an equivalent amount of n-

butyllithium, Since methyllithium showed promise as a
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monometalating agent, this resgent should be employed in a
multifold excees, If the methyllithlum is prepared from
methyl bromide the producte of subgequent reactions contain
fewer impurities than 1f methyl 1lodide is employed.

The five oxygen and sulfur heterocycles, dibenzo-p-
dloxin, phenoxathiin, thianthrene, dilbenzothiophene and
dibengzofuran, could be accurately compared on the basis of
ease of dimetalation if all were sublected to the action of
n-butyllithium under the same conditlions. The neutraliza-
tion equivalent of each mixture of orude acics would provide
an estimate of the amountes of mono~- and dicarboxylic acids
present. The monocarboxylic aclds could be removed from the
mixture by trituration with benzene. The neutralization
equivalent of the reslidue of crude dicarboxylic scids would
revesl the efficiency of the trituration. Each of the first
three heterocycles listed above will probably yleld two
dicarboxylic acids. (This hac been demonetrated in the case
of dlbenzo-;ydiox1n9u and phenoxathiin.,) If dibenzo-p-dioxin
and thianthrene behave as did phenoxathiin, heteronuclear
dimetaletion will occur snd the zcid in which both carboxyl
groups are ortho to the same hetero atom will be more soluble
and lower-melting then the one in which a carboxyl group 1s
ortho to each of the hetero atoms. The dimethyl esters would

likely be more readlly separated than the asclds themselves.
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This method was used by Gilman and Stuckwisch9“ for the
separation of the two dicarboxylic acids of dibenzo-p-
dloxin.

Since the reported35 melting point of 2-phenoxathiin-
carboxylic aclid ie open to question, this compound should
be prepared by an unambiguous syntheslis, The most convenlient
method would probably involve hydrolysis of the nitrile which
could be prepared from Z2-sminophenoxathiin by the Sandmeyer
reaction.

It would be interesting to see whether the Grignard
reasgent could be prepared in good yleld from 2-bromophenoxa-

thiin (m.p, 90-910). Suter and coworker335

employed ethyl-
magnesium lodide as a catalyst in the reactlion between
2-bromophenoxathiin (m.p. 59—600) and magnesium, One should
avold the use of an organometallilc compound¢ in this prepara-
tion eince phenoxathiin 1es easily metalated.
Phenoxathliin-10-o0xide is an ideal compound upon which
organometallic compounde can be compared and tested as agents
for metalation, reduction and cleavage. The postulated
mechanlem for the metalatlion of phenoxsathiin-10-oxide can
be tested if 2,2'-dilithiodiphenyl ether can be prepared
from the dibromo compound by the halogen-metal interconver-

slon reaction. The yield of the latter reaction should be

teeted by carbonation.
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The reactlon of phenoxathiin-1l0-oxide with phenyllithium
should be investigated., This organometallic compound may
not effect reduction as dld n-butyllithium. However, if both
reduction and cleavage occur, phenocl and thiophenol may be
products.

It hae been postulated by Mr. D. R. Swayampatl of This
Laboratory that Grignard reagents do not cleave sulfoxides
beyond the firet stage 1llustrated in Equation 1 for the
proposed mechaniem of the reaction of n-butyllithium with
phenoxathiin-10-oxide. If allylmagnesium bromlde were
employed as the cleavage atent, the presence of the allyl
group in the cleavage product could be easlily detected.

The action of n-butyllithium on diphenyl sulroxide1°9
should be further investigated, It may be advantageous to
carry out the experiments on a larger scale than that used
An the previous work1°9 g0 that, if n-butyl mercaptan or
disulfide 1is formed, 1t can be isolated in sufficilent quen-
tity to be identifiled. Since benzolc acid was the principal
product when these resction mixtures were carbonated, the
action of phenyllithlium on diphenyl sulfoxide should be
investigated.

In order that the halogenatlon of phenoxathiin be of
value in determining the relatlive directive influences of

the sulfur and oxygen atoms, more data must be acquired.
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On the basis of present informstion, the 2- and 3- positions
are the sltes of brominetion and chlorination, respectively.
Elther this anomalous gltuation actually prevalle or both
posgitions are involved in esch reaction. Since 3-bromophen-
oxathiin 1s a probable product of bromination, this compound
should be firet synthesized from the amine. Then, armed with
the knowledge of its melting point, bolling point and solu-
bility and wlth a seed crystal, one would be prepared to
attack the problem of isolating 3-bromophenoxathiin from

the bromination mixture.

Part of the difficulty in separating 2-bromophenoxathiin
from the brominstion mixture ie due to the presence of a di-
bromophenoxathiin., By adding a seed crystal of 2,8-dibromo-
rhenoxathiin to & dilute solution of the bromination mixture
one may be able to induce crystallization of this compound
and thus separate it from the bromophenoxathiins end phen-
oxethiin. Thie would necessitate the prior synthesis of the
compound from 2,8-diaminophenoxathiin., At the same time the
unexpectedly low melting point (92-93°) which has been
reported for 2,8-dibromophenoxathiin could be checked.

Both the reactlon conditions for the acetylation of
phenoxathiin and the methods of 1solating the products are
in need of improvement. If both 2- and 3-acetylphenoxathiin
are formed, the correeponding oximes may be more readily

geparated than the ketones.,
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The only hydroxyphenoxathiin for which physical con-
stants have been reported is the 4- derivative.’? The others
gshould be prepered from the corresponding amino- or lithio-
phenoxathiins and then be derivstized as the oxyacetlc acids
and methyl ethers., The effect of the methoxy group upon the
melting polnt of phenoxathiin is interesting since 2-methoxy-
8-nitrophenoxathiin was reportedso to melt at ca. 300°.

During the Raney nickel desulfurizetion of the phenoxa-
thiindicarboxylic aclde cleavasge of the ether linkage
occurred. Raney nickel may cleave 2,2'-dlcarboxydiphenyl
ether and 4,6-dibenzofurandicarboxylic acid., The latter
compound 1e suggested instead of U4-dlbenzofurancarboxyllic
scid since there ie the poselbility that cleavage of thie

unsymmetrical acid would yleld two products.
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SUMMARY

A review of the literature of phenoxathiin was presented.
Emphagie was placed on those preparations and resctions con-
cerned with the ldentification of producte of substitution
reactions,

The known derivatives of phenoxathiin were llsted in
tables. Attempts were made to correlate the melting points
of these derivatives.

A bibliography of the literature of phenoxathiin was
complled.

Phenoxathiin and phenoxathiin-l0-dioxlde were metalated
with n-butylliithium, methyllithium and phenylcalcium lodide,
The dimetalation producte were identified and derivatized,

The structures of the three dicarboxyllic acids prepared
by way of dimetelation of phenoxathiin and phenoxathiin-10-
dioxide were proved by hydrogenolysis with Raney nickel.

The action of n-butyllithium on phenoxathiin-l0O-oxide
was found to be dependent upon temperature, Metalatlon, re-
duetion and cleavage producte were isolated., A mechanism
of the metalation reaction was postulcted and teested,

2-Bromophenoxathiin, a key compound, was prepsared by
two unambiguous syntheges and found to melt 30° higher than

the reported melting point,
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The first diazotization of an aminophenoxathiin-10-
dioxide was performed.

Phenoxathiin-10-dioxide, 2-chloroc- and 2-bromophenoxa-
thiin-10~dioxlde were reduced to phenoxathiin, 2-chloro- and
2-bromophenoxathiin, reespectively, by lithium aluminum
hydride.

The reaction of phenoxathiin with sulfuryl chloride was
carried out and one of the products was proved to be 3-
chlorophenoxathiin, A ring closure reaction was shown to
yield the same product.

Eromination of phenoxathiin by & published method could
not be duplicsted. 2-Bromophenoxathiin-l0-dioxide was 1iso-
lated subsequent to oxidation of the crude bromination
mlxture,

The initisl 1odination of phenoxathilin-10-dloxide
ylelded 2-1odophenoxaethiin-l10-dloxide,

Oxidation of phenoxathiin in glacisal ascetic escld by di-
lute nitric aclid produced good ylelds of phenoxathiin-10-
oxide,

Seversal derivatives of phenoxathiin were oxlidized to the
corresponding 10-oxidee and 10-dlioxides by hydrocen peroxide.

2,8-Discetylphenoxathiin was oxidized to 2,8-phenoxa-
thiindicarboxylic acld 10-dioxlde by sodium hypochlorite.
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Phenoxathiin wes cleaved by lithium in refluxing ether
and the subsequent hydrolyels and carbonastion products were

identified,
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