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INTRODUCTION.

The thiazanes are compounds containing & six-membered
heterocyeclic ring consisting of four carbon atoms, one ni-
trogen atom, snd one sulfur atom. If the sulfui: and nitro-
gen atoms in the ring sre in the meta position to one an-
other, the compound is called a meta-thiazane.

The first record of the preparation of a meta-this-
zane is by F. Foersterl. By the reaction of trimethylene
bromide with thioearbanilide, he obtained what he called
phenyl-imido-phenyl-thiocarbaminsiure trimethylene Bther,
to which he gave the formula

A
CHz 1?'0335

|
CHa C:NCeHs

~N 3 7
The carrent neme for this compound is 2-phenylimino-3-
phen;yi-l, 3=-thiazane.
The type formula for such a compound is
12 3 4 5 6

S G(RR) NR CH2 CH= Cle
[ <

Compounds of this type have been made in a variety of ways:
1. By the reaction of trimethylene dibromide with
thigureas,t’

2. By the reaction of trimethylene dibromide with

1. Ber. 21, 1872 (1888),
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thid smid es?.

3. By the reaction of trimethylene chloro-bromide
with thiocamides®,
4, By the resction of gamma-hslogeated elkyl amines

with carbon bisulfide, as well ss slkali rhodanids, mus-

tard, oils or thi.o:amidestl.; )

5., By splitting off water from the thioureas formed

frqm_" gemma~oxx amines and mustard. o11sd, ,

6, :'By&‘JSPIit‘bing of f water from the product derived

from the reaction of beta—iodepropionic scid and Xanthogen-

emid or a1 thic_verbsmic acid salts®,

7. By condensation of nitro-melonie-disldehyde with

thiour eas7.

8. By the dehydration of the N-formyl-derivative of

the gamma=-amino-propnyl mercaptanse.

In the Leboratory of Organic Chemistry zt the Univer-
sity of Ksnsas, under the direction of Professor F. B,
Dains, considerzble work has been done on the synthesis

2Gabriel’ Heymsnn, Ber., 23, 157 (1890);
Ber., 24 783 (1891); Kehen, Ber., 20,
51520 (I897). , :

Pinkus, Ber., 26, 1077 (1893); Rehl#nder
Ber., 27, 2160 (1894); Saulmann, Ber,,33
42685 {1900). : v
Gabriel, Lauer, Ber. 23, 87 (1890); Luch-
mann, Ber. 29 (1896) I429-30; Xshan, Ber.
30, 1320-21 (1897).

SKahen, Ber. 30, 1324 (1897)

Lenglet, Ber. 24, 3851 (1891).

tRale, Brill, Am. Socs 34, 295 (1912),
Gabriel, Ber. 49,1111, 1113 (1916)



3.
of these metgﬁthiazane_derivatives by the reaction of aryl
gammarpyaroxyfp:opyl.amines with thg“g;yl isqthiooyanates,
the aryl-amino-p;opanols'being prepared from trimethylene
chlorohydrin and appropriate emines. Another related line
of work conductedvin,thisllaboratofy has been,the synthe-
sis of 2—ary1~imino-5-aryl~5 hyﬂroxy,-l 3-th1azanes1°

The research. on.which this thesis is based has been
concerned meinly with the synthesigzand‘prOPerties’pf some
of these hydroxy thiazane derivativés. and‘eertéin colla-
teral ﬁrob}ems.whiqh developed during. this work. The first
of these studies has had to.do with the synthesis of the
hydroxy thiszane derivatives from emines, epichlorhydrin,
and muétar@ oils. The second set of studies has had to
do with the synthesis of such derivatives from thioureas
and epichlorhydrin. The_results:oi these two parts of the
work were very satisfactory. The sonstitution of the thia-
zanes made by the two methods is more firmly established
by the close agreement of the properties and composition
of the corresponding produgts.

Anothei'pbrtion of this research has involved & study
of the reactivity of sme of these thiazenes with various
reagents. As & result of these reasctions, it was hoped
to make some new derivatives of a different type. This
lead to the comsideration of resctions of thioureas with

9Dains, et al, 7. A. C. S., 44
2640 (1922),

10paine, et 21, J. A. C. 5., 44
2641 (1922).
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other halogen and oxygen derivatives of propane. Also,
thérebarosg the problem of determining the relative reaoc~
tivity of certain_éikyl gronps,:when their halides were
allowed to reset with various thioureas. In this lot of
work, owing to diffioulties of technique and lack of time,
the fesults,have.nqt ﬁeen so well rogndad,out a8 in the
first parts of the work; but, as will eppear in the body
of this thesis, many very interesting results have been
obtained; end there have developed numerous problems for.

further research. .
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SYNTHESES OF 2-ARYL-IMINO-3-ARVL~5~HYDROXY-1, 3-THIAZANES
FROM AMINES, EPICHLORHYDRIN, AND HUSTARD OILS.

In the work of Dains, Brewster, Blair, and Thompsonil,
_some 2—aryl-imino—3—aryleSéhydroiyal; 3-thiazanes were maie,
The first step was to msake the aiphakamino-betaéhydroxy—
gamna~chloropropane derivatives according to-the.method of
Cohn snd Friedlanderl? by adding epichlorhydrin to substi-
‘tuted amines in alcohol solution. To such-sélutions, Dains
et 2l subsequently added mustard oils. ‘After this, the me-
terisl was extracted with dilute HC1 and the free thiszane
precipitated from the ascid extract by the addition of NH4OH
in excess,

Some additional syntheses by these reactions have been
made. In practically all ceses, it has been found suffi-
cient end easy to work according tq the following method:
The amine and epichlorhydrin, each in sleoholic solution,
are put fogethervinva beeker. The solution is alqued~td
stand-ovér.night or longer, eva@oration being retarded by
~covering., lMusterd oil in slecoholic solution is added. The
solution is allowed to stand over night or longer, evapora-
tion being retarded as before. The cover is removed and
evaporation sllowed to proceed spontaneously until a eopi-
ous crop of crystals has formed end diminution of the li-
quid phase has spparently stopped. The mass is treated

115, a. ¢. 5., 44, 2641 et seq (1922),
12per. 37, 3035 (1804).
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with two or three times its volume of dilute HCL (1:5),
warming on water-bath with f;-equent stirring for an hour
or longer. Offen it is edvisable to repeat the exiraction
with HCL one or more times. After warming with the HOL,
allow the mixture to cool and setfle over night. Decant
through filter. Dilute the filtrate with an equal volume
of water, when more or less precipitéte- may form, render-
ing necessary & repetition of the separation process., The
clear acid ﬁltrgte is poured, with constant stirring, in-
to an excess of NHs0E, when the basiec thiazane precipitatea.
Sometimes a chunk of ice in the NH.OH facilitates the har-
dening of the precipitate, vhich may be liquid at first
while the mixture is warm from the heat of reaction. After
settling, the precipitate is collected on a filter, suction
usually being advisable, washed with dilute NH4O0H, and
thoroughly drained. The thiazane is next dried on 2 plate,
Further purification, as a rule, is readily effected by
Buccessive erystallization, once or more from alcohol and
once or more from benzene.

The aeid insoluble portion in the sbove process, when
washed on the filter with cold denatured alceohol, ususlly
leaves a residue, which in some cases has been proven, in
other cases has been assumed to be a subsitituted thiourea,
such as is formed by the direct action of the amine and
mustard oil used,l® |

The alcoholie filtrate from the above residue, upon

13y, Weith, Ber. 6, 210 et seq (1873).
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.evaporation leaves ‘& more or less viscous liquid. The-
exset nature of this portion of the separated pr‘oducté is
‘not yet fully determined. The matter requires further
study. N

g-»Phex;ﬂ-imino-g—pgra-‘-brom-'pﬁeggl-s;hzﬂroxxe-
| 1, 3-thiszane.

34,4 grems pere-~Brom-aniline

18.5 grams Epichlorhydrin

27, grams Phenyl mustard oil

100 e©.c. Denatured alcohol

The para-brom-aniline snd the epichlorhydrin were
dissolved in the aleohol, and the solution sllowed to
stand two days. The phenyl-mustard oil was sdded and the
solution allowed to stand two days longer. About two hours
after adding the mustard oil, white erystals had formed, “
and by the end of the two dsys erystsls had formed through-
out-the,méss‘ and the excess solvent had largely‘é‘vaporated.
‘The erystals were separated by filtration, digested

with hot dilute HC1l, egaein thrown on filter and washed with
water. By successive erystallizetion from hot denatured
elcohol, the cry‘s;:als were purified, until a melting point
of 157° was reached. These orystals were proved to be 4-
brom~diphenyl-thiourea by making a sample of the latter
from pars-brom-aniline snd phenyl mustard oil and comparing
melting points: unlmown sample, 157°; Imown 4-brom-diphenyl-
thiourea, 159°, mixture, 1589, .

The mother ligquor from these first crystals, upon

standing another day, gave a second small orop .of erystals,

— o
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These, when washed with denatured alcohol, were found si~
‘milar to the main bulk of thiszane later separated; melt-
ing point 177°,

.The acid washings from the first crop of erystals,
when poured into excess NH«OH gave e white precipitate.
The precipitete was washed with éilute’ NB4+0H end recrystal-
lized; from denabured alcohol, melting point 164-7%; from

benzene, melting point 1779,

3

derneath s milky aqueous layer. After settling the aque-
ous layer was repeatedly decsnted through filter until
clear. ..

‘The yellow oil was steam-distilled. There came over
e small amount of almost white oily This was proved to
be phenyl mustard oil by treating with sniline and comper-
ing the crystalline product, after washing with dilute HC1
and aleohol, with a known sample of thicCearbanilide: un-
known produet, melting point 153°; known thiocarbsnilide,
melting point 1563%; mizture, melting point 153,

After the steam-distillation, there remained behind
a very viscous yellow liquid. This was aissolved in al-
cohol, but the solution gave no erystals on standing, Af-
ter the aleohol had evaporated, there still remained a
thick syrupy liquid. It.is ipsoluble in water., It is ap~

parently neither an acid nor a base: It is soluble in
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ether and in cold concentrated HaS50«. The solution in '~
H250s+, when poured on iée._ yields a white precipitaﬁ’ethéé-
coming pasty on werming. So far, the identity of this
thick liquid fraction is undetermined.

The clear acid aqueous layer from the digestion of
the mother liguor with hot dilute HCl was poured into an
excess of NHsOH, produeing é._ pinkish-?%hitg precipitate.
T'hig_prgeipitat_e, was .puzji,:fig'd by successive erystsllization
from aleohol: melting ,pointsqo’b’sem‘réa, being 145_—‘9‘3. ;_14_;7_-9°,
150-5°. : |

It being quite evident that the erystals were impure,
they were. wa_shed on filter with cold dilute HOL, éha £il-
tﬁrate,.on‘ standing gave erystals, evidently the hydrochlor-
ide, completely soluble in watér;.meltiné point 191°.,

The residue from above ireatment with cold dilute HCI1,
when treated with warm dilute ECl, practieslly ell dissolv-
ed. This solution was filtered and poured into exeess of
HH4OH, The white precipitate was successively crystalliz-
ed: from slcohol, melting points 172% and 177° sharp; from
benzene, melting po‘intﬁ 177° sharp,

The total yield of base from the various fractions
was aboubt. 20 grams.

The basej é&%ﬁé*‘lanalyzed for nitrogen by the Gunmning
method: found, 7.52% snd 7.36%; celculated for CicHasONaSBr,
7. 71%.



(1) (2) (B)
+ 3155 . 5459
Correction <0025 _=0025
Sample .3120 gm. .3434 gnm, 0
Hz2S50a 30 e.c. 30 e.c. 30 ec.c.
NaOH 44.8 43.6 61.4

1l ¢.c. Ba0H = ,486 e.0, acid,
1 e.c. HeS0s = .00292 grams N,

44.8 43,6 61.4
x . 486 . 486 L 486
21.77 21,19 29,84
30 30 30
- 21,77 21,19 29,84
8.23 8.861 .16
Deduet for blank .16 « 16
8.07 8.65

L ]

(o) 8.656 x ,00292 x 100 _ s
(2) T 7.86%

Caleulated for CicHasON2SBr = 7.71%

2-pera~Tolyl-imino-3~beta-naphthyl-5-hydroxy-

1, 3-thiazane.

15 grams beta nsphthyl amine.

10,
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10 grams Epichlorﬁydrin
9.8.200 e,0. Denatured Aleohol

4 gl'amﬁ 2q S iy

8 greams pa:aw oil. | @*h"/}?!‘

The beta~-naphthyl smine was dissolved in 150 ec.e, of
alcohol, The epiehlorhydrin,.;n its own volume of alecohol
was added. After stending over night, the solution was
filtered, and enough aleohol was added to make 200 e.c. of
solution.

To 50 c.oc. of above soltgtion, 4 grams of para=-tolyl
mustard oil was added. The violei-brown solution was warm-
ed on the water bath until a ’thick brown syrup was formed,
No crystels form_eidj even afte:; prolonged standing. When the
syrup wgs treated with water containing a little HC1l, the
syrup partially dissolved. Upon filtering, there was ob-
tainedv,‘_an orange-brown gummy residue and a nearly clear
yellow filtrate. This filtrate was treated with dilute
NeOH in slight excess, yielding a light orange precipitate.
The precipitate was separated by i’ili;ering with suetion
and dried on peper. The yield was about 2 grams.

The prooéss was repeé.te@. except' that double quanti-
ties were used, and NH4OH was used to precipitate the this-
zane. This time the yield was q.bout 4 grams,

After drying on porous plate, the erystals had & melt-
ing point of 117-123°. The product was purified by succes-
sive erystallization from elcohol and washing with petro-
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leum ether. The finel produet, though still slightly ting-
ed with orange, seemed practieally pureé; melting ﬁoint 152°,

The thiazane was anélyzeﬁ'fOr?nitfogén by the Kjeldahl
method: found 8.10% and 8.23%; calculated for Caalao ONeS,
8.05%.

(1) (2) (B)
Sample .2000 ga.  .2000 gm. O
‘HaS04 25 c.ec. 25 c.c. 25 ¢.0."
Na0H' 19.4 19.3 25.2

‘1 e.e. Na0H = .927‘9.0. acid.
1 c.c. HeSOs = .00301 gram N.

19.4. 19.3 25,2
X 927 .927 .927
17.98 17.89 23,36 -
35' 25 25
- 17,98 17.89 23.36
7.02 7,11 1.64
Deduct for blank __ 1.64 1,64
N 5.38 5.47

(2) 5.47 x .?%301 x 100 - 8.25%

Celculated for GaaHzoON2S = 8,05%,
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2-para-Tolgl-1m1no—3—phenyl-as-hgdroxg-l 5—thiaza.ne.

50 grams Aniline

50 grams Epi,chlqu;;ydrin

80 grams pé,ra-moiyl mstard oil.
100 ec.e- Denatu:red gleohol,

‘The aniline, freshly redistilled, and the epiehlorhy-
drin, each in 50 e¢.¢. of alecohol, were mixed and allowed
to stand over night. The para&oi:él’ mustard oil was added
in two lots about three days spart (no particular reason
for the time of adding the mustard oil is now recalled ex-
cept.failure,ig 2dd it all the fi;éf”time.) The entire
mixture was healed on the water bath for about three hours
when it formed & thick red&ish—‘o:own sﬁ;rap. Upon treat-
ment with water scidulated with HCl, a considerable por-
tion of yellowish-brown gummy substanée would not dissolve.
A11 the material was ~sub:j»‘ected to steam-distillation.

Some 4 or 5 e¢.c. of 11ght.yellow_,oil, -doubtless para-tolyl
mustard oil came over. After this o0il had practically
ceased to distill, all of the gummy residue not being dis-
solved, the stuff remaining in the'distilling flask was
cooled and decanted through filter. Dilute NaOH was added
in slight excess to the fPiltrate, re‘sulting in the forma-
tion of a nearly white precipitate, gummy at first, but

finally hardeaing to a chalk-like mass, The yield was
about 70 grams.

Part of above base, 20 grams, was dissolved in dilute

HC1l, reprecipitated with NH4OH, collected on filter, washed,
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dried on paper, and finslly dried on porous plate, The
yield was 18 grams. Helting point was 116-117°, After
successive orystallization from aleohol and washing with
petroleum eother, the»appareﬁtly pure thiazane gave a melt-
ing point at 139°,

The thiazane was analyzed £6r nitrogen by the Kjel-
dehl method: found 9.43% and 9.21%; ealoulated for CyyH;g-
ON=S, 9.40%.,

(1) (2) (B)
Sample .2000 gms, ,2000 gms. 0
H250a 25 o.c. 25 e,c, 26 e,e,
NaOH i8.4 18.6 25,2

1 0.6. a0 = .927 ¢.¢. Ha504.
1 e.c. HaS0s = 00301 gram N.

18,4 18.6 25,2
x .927 o ,927 , 927
17.06 17.24 23,36
25 25 25
- 17.06 17,24 23.36
7.94 7.76 1.64
Deduct for blank 1,64 1l.64
6.30 6.12
(1) 6.30 x .?0301 x 100 _ 9.45%
(2) 6.12 x .?%501 x 100 _ 9,214

Calculated for Cj7H1gO0N,S = 9,40%.
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gforthoéTolggfiﬁinofgfortho-tolggzg—hzdrggye
1, Z-thiazane. ’

107 grams ortho—ﬁoluidine.
92,56 grams'Epichlorhydrin.
250 e.¢., Denatured alcoyol.
149 grams ortho-Tolyl Musterd 0il.

The ortho-toluidine and¥eplch;§rhyarin were dissolved
in the elcohol and sllowed to stand over night. The ortho-
tolyl mustard oil was a&deﬂ. The mixture was allowed to
stend a week, the solvent being allowed to evaéorate spon-
taneously. The thiok syrup was mixed with an equal amount
of water containing a few c.c. of HCl, and digested at
about 100° for about an hour., The acid solution was f£il--
tered off and poured into an excess of NH4OH, cooled with
ige, ﬁﬁé'precipitated base was collected on filtef}'ﬁash~
ed, dried, ani erystallized severél times from‘alcdhOI.
The yield was about 22 grams. The meltiﬁg §oin§ was 139~
140°,

The thiagane was anelyzed for nitrogen by the Kjel-
dehl method: found 9.21% snd 8.87%; caloulated for .
O16Hpo0NsS, 8.98%. '
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(1) (2) {B)
4,7636 gms.  4.7391 gms.
4.5184 4,5184
. Sample L2452 . 2207 0
HeS04 20 c.c. .20 o.c. 20 e.e.
NeoH 24,4 26.6 40.9
1 e.e. NaOH = ,4762 c.c. HaSOs.
1 c.c. H2S50s = ,002873 gram N.
24.4 26.6 40,9
X _,4762 L4762 4762
11,62 12,67 19.48
20 20 20
- _11.62 12.67 19.48
8.38 7,533 .52
Deduct for blank .52 .52 \
' 7,86 6.81
(1) 7.86 x :%%§%73 £100
(2) 8:81 x .002873 x 100 _ g gy

L

Calculated for CygHpnONgS = 8.968%.

2-Phenyl-3-ortho-chl orphenyl-5-hydroxy=~

1, 3-thiagene, attempted.

25.5 grams ortho~Chloraniline,

18,5 grems Epichlorhydrin,
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27 grams Phenyl mustard oil.
100 c.e. Denatured Aleohol,

_The ortho-chlor sniline and epichlorhydrin were mixed
in alcoholie solution_aéd lét stanﬁ‘cve: night. The phe-
nyl mustard oil was added and the mixture allowed %o stend
several days.. Got a viscous brown syrup. Vhen treated
with dilute HCL, pgrt of the.syrup,ﬂigsolvea, From this
solution, alkali:p;ecipitate@ a}lighf brown o0il. This oil
had basic properties. Eﬁ:urts to get a solid by erystal-
lization from glcohol, or b&,solutiop_in acid and repreei-
pitation with NaOH or NH4OH have thus far failed to give
a orystalline product. Furthgr work will be necessary be-
fore one san say whether the ﬁasic-oil is a mixture or a

chemical individual, and in the latter case, what.
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SYNTHESES OF 2-ARVL-IMINO-3-ARYL-
 5-HYDROXY-1, 3-THIAZANES FROM
THIOQURFAS AND EPICHLORHYDRIN.

In the work of Dains, Brewster, Bleir, smd ﬁhompson;4
the 2-phenylimino-3-phenyl-5-hydroxy-1l, 3 thiazane was
mede by heating thid{pérbaniliaé'ana epichlorhydrin in ace-
tone solution for some hours. From the products of this
reaction, a base was obtained which wes identical with the
bage oﬁtéined by the former.methOd»from aniiine, epichlor-
h&drin, and phenyl mustard oil, Both products melted at
175°,

This resetion hds been repeated and extended, 1In all,
the diphenyl, di-ortho-tolyl, di-pera-tolyl, end di-meta-
xylyl deriVativee‘have been made. As a rule, the obtain-
ing and puxification of'the crystalliﬁe bases was more te-
dious, end the ylelds seemed very much smaller thaen by the
former method. There wag”obtained considerasble oil, as.
yet unidentified, which iad some of the properties of a
mercaptan. The greater part of the erystalline material
obtained had the high melting points and other properties
of substituted ureas. It seemed that the various thio-
ureas, under the influence of the epichlorhydrin, were

converted into the cdorresponding ureas.

145, A, c. 5., 44, 2642

(1922).
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2-Phenylimino-3-phenyl-5-hydroxy-1,3-thiazane,
B0 grams Thiocarbanilide,
25 grams Epichlorhydrin,
100 c¢.e¢. Denatured aleohol.

The epichlorhydrin was dissolved in the alcohol and
the thiocarbanilide was sdded. All of the thiocarbenilide
did not dissolve at first, though all of it had dissolved
by the time the mixture had been heated on a water bath
under s reflux for sbout an hour, ~This heating was con-
tinued for about 8 hours. After stending over the week-
end, the aleohol was distilled off on water bath. The re-
sidue was distilled with steam for sbout an hour. This
distillate, after settling and filtering, was extracted
with ether. The ether was &llowed to evaporate, yielding
yellow oil. This was soluble in H0l, The aeid solution,
when treated with excess NaOH, gave a precipitate like
the original oil., The oii was soluble in water. When the
agqueous solﬁtion was treated withqg solution of Hgllz, &
heavy white curdy precipitate was formed. The identity
or constitution of this oil has not yet been fully eéta‘b-
1lished. ’

The residue, after the steam distillation, was yellow
and pasty. It was warmed on the water bath with dilute
HCl. The mixture was alloved o settle and filtered. The
residue, insoluble m'Hci, was repeatedly erystallized
from aleohol, digested with acetone, and boiled with pe-
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troleum ether. ‘J;he white crystals bbtainad, melting point
234-2356°, proved to be diphenyl urea,

The filtrate, from the digestion with HC1l, was cooled
with ice, and treabed with an exeess of Na(OH, ylelding a
white precipitate, which was collected and washed on the
filter. This precipitate was dissolved in hot acetone,
and the solvent allowed to evaporate ,.spon‘taneousiy, pro-
duoing white orystals, tinged with red, melting point 167-
168°. Further crystallization from acetone gave crystals
melting at. 170-172"’.4 ‘These crystals were finally boiled
with petroleun ethér end reérystalli'ze& from acetone. The
yield was about 19 grams.

- The product was identical with the thiazene obtained
from anilix’;‘e, epichlorhydrin, and phenyl mustard oil, both
samples and their mixture melting sharp at 175°. This thia-
zane was analyzed for nitrogen by the Kjeldahl methéd’:‘
found 9.82% and 9.95%; celculated for 0isHasONaS, 9.86%.

(1) (2) (B)
15.5620 gmse 15.1843 gms.
15,1843 _14.8082
Sample .3957 3761
‘HaS0s 25.05 o.c. 25, 25.1 e.c.
NaOH 21.6 22.4 49.6

1 c.c. NaOH = .48 o.c. HzSOs.
1 e.c. HaSOs = ,002888 gram K.
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21.6 22.4 49,6
X ___ .48 .48 .48
10,37 10,75 28.81
25,05 25. 25,1
- 10,837 - 10,76 23.81
14,68 14.25 1.29
Deduet for blank 1.29 1.29
15,39 12,96

(1) 12:89x .002885 x 100 _ g gor

(2) 12:96 x .002860 x 100 _ 9 957

Celeulated for CieHi1e0H2S = 9.863%.

2-para-Tolylimino-3-para-tolyl-5S-hydroxy-
1,5~thiazane.

30 grams Di-para-tolyl Thiourea.
21 grams Epichlorhydrin.
50 c.o. Dgﬁatured alcohol,

The dipara-tolyl thioufea wasladd9é4to the solution
of the epiehlo:hydrin'i# the aleohol. The mixture was
heated on a water bath under a reflux until all the thio-
urea dissolﬁed, taking about“ﬁyo ho;ts, ‘The mass was tree-
ted with 20 o.e. HCL in 200 c.c. sloohol, sllowed to stend,
and decanted through filter. The filtrate was cooled with

ice snd NH4OH sdded in slight excess, yielding a white
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precipitate, which was.separateqﬁsuction~filtration, When
fhe precipitate was treated with aleohol and HCl, it part-
ly dissolved.  From the residue, the corresponding oXygzen
uree was isolated, |

The acid filtrgte was eooled with ice and treated with
an excess of NH4OH. The white precipitate was successive-
1y erystallized from hot alecohol, dissolved in dilute HC1,
poured into iee cold HH«OH, collected, dried on plate, boil-
ed with petroleum ether, and reerystallized from aleohol,
The yield was about 12 grams.

The product, melting point 142-142.5°, was compared
with the thiagane, meltingipoint,141.5-142.5°, from para-
toluidine, epichlorhydrin, and para-télyi nustard oil, the
mixture of the two bases melting et 142-143°, This thie-
zene was analyzed for nitrogen by the Kjeldahl method:
found 8.77% and 8.76%; coleulated for OygHy ON,S, 8,985,

(1) (2) (B)
4.6981 gms. 4.7324 gms.
_4.5182 4,.5182
Sample 1749 .2l42 0
H2504 : 20 c.c. 20 e.c. 20,
NaoH 28.4 e.c. 25,9 39.6

1 c.c. NaOH = .4762 o.,c, H2S50s4.
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28.4 25,9 39.6
x _.4762 .4762 . 4762
13.52 12,33 18.86
20 .20 20
- _13.52 12,33 _~18.86
6.48 7.67 1.14
Deduet for blsnk _ 1.14 - 1.14
5.34 6,53
5,34 x .002873 x 100 7

(2) 6.53 x .002873 x 100 =

AT 8.76%

Calculated for CygHpoONgS = 8.98%,

&~ortho~Tolylimino-3-ortho-t0lyl-b-hydroxy-

1,3-thiazane.
60 grams Di-ortho-tolyl thiouresa,
42 grams Epichlorhydrin.
100 e.c. Denatured alcohol,
The di~ortho-tolyl thionurea was added to the solution
of epichlorhydrin in alcchol, The mixture was heated on a
water bath, under s reflux,.until the thiourea was all dis-
solved. The alcoholie soiution was poured into water con-
taining HC1 and the mixture warmed. APter settling, the
residue was separated from the supernatant acid solution

by deéanting_through filter. The corresponding oxygen urea
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was recovered from this residue.

The seid filtrate was poured into excess of NHOH,
cooled with iee., The precipitétedxiase was purified by
alternate crystallizatibnAfrqualcohoi and boiling with
petroleum ether- The yield was about 17 grams.

The produet was compared with the thiezane obtained
frOm ortho-tolnidine, epichlorhydrin, and ortho~tolyl mus-
tard oil; both samples and the mixture melted at 139-140°,
Thig thiagene was analyzed for nitrogen by the Kjeldahl
method: found 9.21% end 9.16%; calculated for ¢;gHsoONoS,
8.98%,

(1) (2) (B)
4.7634 gms, 4.7769 gms.
4,5184 4,5184.
Sample_ . 2350 .2585 0
HaS0s 20 ec.c. 20 e,c- 20 e.c.
NaOH 25.1 23.6 40,9

1 covco NaOH = 04762 e.C. HQSO‘GQ'
1 c.c. HaS0s = 002873 gram K.

25.1 23.6 40,9
x - _.4762 4762 .4762
11.95 11.24 19.48
20 20 20
- 11,95 11,24 19,48
8.05 | ‘8.76 .52
Deduet for blank .52 .52

7.53 8.24
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8.24 x .002873 x 100 "
) === = 9.16%

(2
L g e 4

- 2=meta-Xylylimino-3-meta~xylyl-6-hydroxy-

1,3-thiszane..

The di meta-xylyl thioure was first prepared from
67 grams 1:3:4 Xylidine,
50 grams Carbon bisulfide,
\ 1 gram  Sulfur,
100 e6.c. Denatured sleohol,

These ingredients were mixed and allowed to stand ov-
oer night. The brown solultion was then heated about four
hoursy on a water bath under a reflux. A white preeipi-
tate formed. The mother liquor was evaporated on a water
bath, leaving a pinkish to brownish solid. This was puri-
fled by digesting with warm sleohol, and subsequent wash-
ing on filter with warm aleohol.

The di meta-xylyl thiourea from above,
20 e¢.c, Epichlorhydrin.
100 c¢.c. Denatured Alcohol.

These ingredients were mixed and heated on & water
bath under a reflux for sbout eight hours., Not all of the
solid material was 4n solution at the end of this time,
Upon stending, more solid materisl eorystallized out of the
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solution. The liquid was filtered off. The solid was
wééhéd with aleohol. It was‘apéarently the eorresponding
oxygen uresa, mére*or less pure.

The filtrate and washings from sbove were diluted
with water. A 1ight brown oil was precipitated. The com-
position of this 611 is as yet ﬁnééterm;ned.

‘The aqueous layer‘from above was poured into ice cold
NH+OH., A dirty white paéty precipifate was formed. It was
very difficult to ge# any of this basic material into ory-
'stelline form. But after‘sevé;al times redissolving in HO1
‘and reprecipitating with NS¢QH;;and:aftar repeated erystal-
iizamionffroﬁ alcdﬁoi. & good sample of erystalline solid
was seoured. The yie1d,was between 2 and S'grémé.

This thiazane was finally purified to the point where
it melted shafély at 146°, It waé'éhalyzed'for nitrogen
by the Kjeldehl method: found 8.24-% snd 8.24+%; celeula-
ted for CeoHesONeS, 8.24-%.

(1) (2) (B)
4.7846 gms,  4.7964 gms.
- 4.5179 4.5179 _
Sample .2667 2667 0
HaSO0s 20 ec.o. 20 e.c. 20 e.c.
NaOH 25.12 24.5 41

1 CeCo NaQH n.485 C.C. Hﬁ"SO'ﬁ'
1l ¢.0. HaS0s = .00288 gram N,
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x _.483

12,17

20

- 12.17

7.83

Dedust for blank .20

7.63

2&,5

. «483

11.83

20
' il;éz”
8.17

.20

7.97

(1) 7.6%x .00288 = 100

(2) 1.97 x .00288 x 100

L2785
Caloulated for CecHaeONeS = 8,247,

= 8,24%

41

20

.20

27,

| _.483
19,80

'19.80



COMPARISON OF HYDROXY THIAZANES

MADE BY W0 METHODS.
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Three of these thiazanes have been made by both me~

thods,

The eorresponding derivatives are shown to be

jdenticel by agreement of melting points and checking of

anglyses. The data is summarigzed in the following table:
Average % of BL
. ‘ ~jceleu~
Derivative “lated ‘ 1 ]
First |Second | % of N| First |Second|Hixture
lMethod| Method Method [ l{ethod|
diphenyl | 10,07 | 9.89 | 9.86 | 176 | 175 | 175
52 71| 139~ 139~ 139~
di-o-tolyl| 9.19 | 9.04 8.98 120 140 140
. 141,5~ 142~ 142~
di p~tolyl .8.9? 8.77 8.98 142.5 |142.5 143
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REACTIONS OF THIAZANES.

Thiazanes and Oxalic Acid.

Oxelic acid was dehydrated by heating to about 110°
for nearly a:éa':é; with fﬁe‘quen-t stirring. Five grams of
this déhydi'ated aclid wéé :itixed Witﬁ.five grsmé of 2-para-
tblylimino-ﬁ-’-par&tolyi—ﬁ-hy&roxy-l,&tﬁiazane. The mix-
ture was heated on an oil bath for sbout one hour, at ap-
proximately the melting point of the thiazene, 141-142°,
The material melted with frothing. It cooled to a vit;-e-
ous mass.’ Nearly all of the product dissolved in aleohol.
The alecoholie solution was concentrated by spontaneous
-'evapkérati on, Upon addition of water, a white precipitate
formed. Nearly all dissolved in dilute HCl. The residue
wes. vellowish and pasty. From the escid solution, NH4OH
gave a pinkish precipitate. This was erystallized from
alcohol, yielding fine white grains which were dried on 8
perous plate. The original th.iazane,» the produet, end a
mixture of the two hed the same melting points 141-1430.
Apparently the fusion with oxalic seid had no effect on
the thiazane. |

Thiszane and Hydrochlorie Acid.

One gram of erude 2-phenylimino-3-phenyl-5S-hydroxy-
1,3~-thiazane was boiled for three hours with 50 e.e. HCL
(1:1). The thiszane completely dissolved. The solution
was treated with 207 NaOH solution in excess, yielding a
white precipitate. This precipitated was collected on
filter, washed, and dried. The yield was ,956 grams. The
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original thiszane, the product, and & mixture of the two
had melting points between 1587160".

‘Some of the sbove thiazene was reerystallized from al-
cohol. About five grams {(rough be,la'ncte‘) be same was boiled
gently for eight hours with 100 c.e: HCL (1:1). After cool-
ing, the solution was neutralized wi‘t{h 20’35 NaOH solution.
The precipitate wes collected, washed, &:13&, end recrystal-
lized from slecokol, The yiel& was sbout 4.85 grams. The
originel thiszene, the product, and 8 mixture of the two
hed melting points between 173-174°,

Apparentiy, boiling the thiazane with HC1 {1:1) was with-
out appreciable effect.

Thiazane ‘and Methﬂ Iodide,

Eleven grams of 2—pher;ylimino-%i)henyl-s-é};ydroxy-l.54-
thiazane end 18 ¢.c. of methyl iodide were mixed in a2 small
flask and allowed to stand., The mixture formed a red paste
after about a week, the erystals of thiazene seeming to
disintegrate, more or less. The material was heated Qn' the
water bath under a reflux for sbout eight hours. After
this, it was allowed to stand ariother week. The red paste
seemed thiclker. mf‘rariou‘s, solvents, 1pclu&iﬁg petroleun .
ether, ether, slcohol, chloroform, cérbon tef'rachl'd'ride,
and benzene, were used in the offort to isolate something
which would look like a ohemieal individusl. But nothing
was recovered from these solvents but red gummy residues.
So far, the produect of t}ae above reaction has not been de-

termined.



Oxidation . of & Thi azane,

26 grams di-phenyl—hydroxy thiagane
{ crude, melting point 142-3°)

7.5 grams Potassium permanganate,
100 c.e. Glacial acetic acid.

The thiagzane was dissolved in & mixture of 100 c.e.
H20 and the 100 ¢.e. of aoetic acid. me permanganate was
dissolved in 100 e.e. of Ha0, The permanganate solution
wags run slowly from & separatory funmnel into the tﬁiazan-e
solution. The color of the liquid became brownish green.
There was & moderate evdlnt’ién. of heat. Brown precipitate
formed. After ‘Stapding,‘the stuff was filtered to sepa~
rate the brown filtrate from the dark brown residue. The
£1ltrate was left stending in a besaker exposed to the air,

The residue was treated with dilute HaSOs dissolving
pertly. The materisl wes filtered. The residue was cov-
ered with water and left stending in a beaker exposed to
the air. The filtrate was cooled with ice and poured in-
to an excess -of NHsOH, yielding a brownish preecipitate,

This precipitate was coliected on filter and washed,
It was redissolved in HaSOa and)reprecipit_a:ted with NHOH
twice. The base, no;zv white with yalé browniéh» tinge,_; was
dried on plate. MNelting point 149°; melt;ng poin‘t' of ori-
ginal sample of thiazane 142-3°; meifing pbint of mixture
130-140°,

One grem of above base was covered with 20 c.e. alaco-

hol and boiled. After filtering, the filtrete wes allowed
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to evaporate spontaneously, yielding white orystals, melt-
ing point 82-870,

Another gram of the above base was digested with 20
e.c, dilute HCl, After filtering, the filtrate wes treat-
ed with slight excess of NHeOH. Tho precipitate was dried
on a plate; melting point 142&1450; original bese 142—30;
mixture 142-144°,

Bvidently, there has been secured at leasst two new
products not the same as the original thiazane. This re-

setion should be studied further.
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'REACTION OF THIOQCARBANILIDE AND ALPHA, GAMIA~-
DI CHLORACETONE.
4,5 grams Thiocarbaniiide.,

.- 25.4 grems alpha, gamma-Di-chloracetone.
550  e.e. Acetone.
~ The thiocarbanilide was dissolved in 450 c.oc. of ace-

to;ie. ‘To this was added the dichloracetone dissolved in
the balance of the acetone, The light brown solution was
sllowed to stend in a corked flask. After four days, wart-
1ike, light bi-om, ‘erystal growths appeared., After twelve
days, some smell red erystals were observed growing on the
brown warts., The yield was sbout 50 grams,

Study of the Hydrochlorids.

Some of the erystalline materisl was pulverized. To-
ward the last, the powder had a tendency to stick together,
which was not appsrent at first, The powder was placed in
a desiccator, containing HzS0s connected with water suetion,
end let stand over the week end before weighing out samples
for anslyses.

The solubility of this sample was tested in a variety
of ways. With water, it gave an acid solution and a curdy
white residue., Alcohol readily dissolved it. At first, it
dissolved in chloroform, but very quickly a chalk white
precipitate was formed. In benzene, toluene, petroleum
ether end ether, it was sparingly soluble, Acetone dis-

solved it more readily.
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The melting point of the material dried in the desic-
eator was d_etérminegi: darkened from 155° onm; blsckened at
185%; completely fused to a blé,ck liquid at 187°, some
of the precipitate settling out. of the chloroform solution
was washed with chloroform end dried on a plate, Its melt-
ing point was determined: darkened about 150°; blackened
about 180°%; completely fused to a black liquid at 186-187°,
A sample of the original wgrt like formation was sosked in
acetone for several days, washed with acetone, erystalliz-
ed from elecohol, again washed with‘ a.eetone.‘ Thie sample
darkened sbout 160-170%; fused at 188-190,5%, Some of the
material dried in the desiccator was crystallized from
benzene and weshed with acetone, It ﬁé.rkeﬁed aground 185-
190° and melted at 195-196°, the highest melting point
that was obtained for this product. |

This data on melting points, the results of solubili-
ty tests, and the method of Formation all point to these.
wart-like aex;osits being a hydrochloride of a base,

Amount of HC1 in the Hydrochloride.

Some of this hydrochloride was 'suspen(;ed in water and
1ts scidity determined by rumming in a measured amount of
NaOH sqiution and titn;rati.ng back with HeS0s solution. Two
sets of deterxﬁinations were made, one with methyl red gé
en indicator, the other with phenol phthalein. With me-
thyl ;‘ed, the peroentaée of HC1 was'found totb‘e 12,224
and 11,62%, aversge 11.92%. With phenolphthslein, the
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percentage of HCL was found to be 12.16% end 12,35%, aver-
‘age 12.26%. The everage of the two sets of results is
12' 214, o

7%ith Phenolphthalein as Indicator:

(1) o (2)
14,6709 15.8216
13.8216 13.4987
sample  ,:- 8493 3229

NaOH 20. c.c. 20,3 c.c. 30.3 e.c.  12.65 e.c. 13.1 e.e,
32300 .8 c’c.. 09 C.C. lc co.ca : 085 BC.Co 1. O. C.

1 G.f!. 32_304 = 2n09 c'co NaOH‘

NaQH = .1 N, ‘
.8 .9 1 .85 1
x 2.09 2,09 2,09 2.09° 2,09
1.67  1.88 2,09 1.78 2,09
30. 30.3 .30.3 12,65 13,1
- 1,87 1.88 _2.09 _1.78 _2.09
28,33  28.42 28,21 10.87 11.01
28,42 11.01
28.21 221,88
31 .64.96 10.94 average.
28.32 o
'(’i’f) 28.32 x .1 x 36.46 x 100

8492 x 1000 = 12.16% EC1

10,94 x ,1.§§gg.4e 210 _ 45 353 Hol

21 24,51
12,26 average.

(2)
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With Methyl Red ss Indicator:
(1) (2)

16,1280 15,4570

15,4570 14,8174
Sample 6710 .6396
.Ra0H used 80. ec.c. 50, c.o.
"H280« used 13.6 o.c. 14.6 c.c.

NeOH = .1023 N.

13.6 14.6
x 2.06 .06
28,02 30.08
50 50
- 28,02 20.08
21.98 19,92
2.9 - -
(1) 2l.98 x,.leg ; %8036 x 100 _ 12.228
19.92 x .1023 x %6.46 x 100 ,
(2) ~6396 & 1000 = 11.62%
2 ( 23.84

11,924 average.
Chlorine in the Hydrochloride.

The amount of chlorine in the hydrochloride was deter-
mined by the liquid ammonia'methodls. Two sets of analyses

are given. The first set gave chlorine 23.56% and 23,297,

lsnains and Brewster, J. A. C. S. 42, 1573

(1920).



average 23,48%.

20.40%, average 20,33%.

chlorine 21.91%.

Sample .

Ppt. + Goosh

Gooch
Precipitate

Deduct for blank

AgCl
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The second set gave chlorine 20.26% and

The average of the two sebts is

First set
(1) {2) (B)
11,5589  4,8106
11.2623  4.5178
.3066 .2928 0
3 15,4256  15.6324 16,8026
15.1328  15.8530  16.7988
. 2958 2794 0038
0038 . 0038
.2920 _.2756

Factor for Cla in AgCl = ,24738,

(2)

Sanmple

.2920 x :24753 x 100 23. 564
2756 x :23758 x 100 _
’ 2| 46.85
Average 23.48
Seeond Set.
(1) (2) (B)
15, 7537 15,3589
15.3589  14.6734
. 3948 .6855 0



28..

Ppt. + Gooch 15,4032 16,6765 °  15.5264
Gooch -15.0648 16,0961 15.5113
Precipitate . . 3384 . 5804 .0151

Deduct for blank ,0151 .0151
AgCl . 3233 .+ 56563

Factor for Cls in AgCl = .24738,

(1) . 2233 x ,24738 x 100 -

E2T2 = 20,26%
(2) . 56563 x :23758 x 100.'. - 20.40%
2| 40, 66%

Average  20,33%
Hydrochloride Continues to Lose Welght

on Heating .
It was thought that the variation in the above analy-

ses for chlorine in the h;ydroahloridelmigl}t be due to sam~
ples not being dried to the same extenty so a weighing bot-
tle, filled wifh the hydrochloride, was placed in a drying
oven at 50-60°. Welght was continuslly lost throughout

the time of observation, twenty-seven days' as shown below
in tabular form. Hence, it was concluded that the differ-
ence in the two anslyses was prdbébly due to differences
in degree of purity or changes in composition on standing.

The two samples were not the same to stert with,



Changes in Weight of Hydrochloride

When Dried at 50 - 60°.

ie | TG gL
12/12/23 14,0402
12/14/23 13,0974
12/18/23 12,8451
12/20/ 23 12,8251
12/27/23 12,5149
12/51/23 12.3784
1/1/24 12.3694
1/2/24 12,3524
1/3/24 12,2436
1/4/ 24 12,3367
1/5/24 12 3339
1/7/24 12,3271
1/8/24 12,3240

Nitrogen in the Hydrochloride,

The nitrogen in the hydrochloride was determined by
the Gunning method: found 8,175 and 8.16%, average 8,167,



{1) (2) {B)
17.2212 16.6780
16,6780  16.1280
sample 5432 .5432 0
HaS0+ used 30.2 e.c.. 30,6 c.c. 30.1 o.c.
NaoH used %0.5 1. 61.3

1 e, ¢-’ “‘Ha’SOa = 2.06 ¢.c. :Naoi!
1 e.e¢. HaSO0s = .2107 H.

/

P02 - 14.81 pobs = 15,05 gi52 = 29.76
30.2 30.6 30.1
15,39 15, 55 .34
Deduct for blemk _ .34 sl
15.05 15,21

15.05 x .2107 x 14 x 100
(1) “5iZ5 % 1000~ = 8.173%

15.21 % .2107 x 14 x 100 _ _
(2) .5600 x 1000 = 8.158%

Took & smsil qp.antity of ﬁxe i&drochloride and treated_‘
with water., A whité curdy reéiaue and é. yeiiow dense 11—
quid layer separated under the water. The yellow liquid
layer disappeared on stirring. After standing, the residue
was collected on & filter and washed. After drying, an ef-
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fort was made to determine ﬁhe melting point; darkened at
70%; softened with epparent decomposition at 80-85°; com-
menced to fuse at ’1199; comp_letély_fused to & brown liquid
at 116°,

The filtrate from above was treateﬁ with an excess of
NHeOH, the white precipitate being collected and washed,
After drying, the efforts to get.a.melting point resulted
about the same &8 the preceeding: darkened, 60°; softened,
70_-750; eomericad to fusse, 90-959’; .completely fused to am-
ber liguid, 111°,"

The rest of the hydrochloride was dissolved in dilute
HC1l, except = smell residue which was separated by filter-
ing. The filtrate was poured into ice cold NHaOH‘ in ex-
cess. The precipitate was collected, washed and aried;
melting point.95~100°, This base was purified by erystal-
1ization from gasoline, melting point 147°; from acetone,
melting point 1480; from. gasoline, melting point 156°; from
benzene, followed by wasﬁing with .a‘cet._oné, melting point
150-151°, Another sample was purified by sug:ﬁessive exry-
stallization from scetone: melting points, 147; 149-150°;
150-151°; 151-152°; 152°.
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Nitrogen in the Base.

The nitrogen in the base was determined by the Gun-
ning method:
(1) (2) (B)
15,7215 15, 2828
15.2828 14,7579

Sample -_.438_7 » 5249 .0
HzS04 used 25 c.e. 20 e.c. 25 eo,0,
NaOH used (Sucked back) 16.5 49,9

HeSOs = ,2107 .

25 25
- 8.09  24.46
16,91 .54
Deduet for blank — b4
16,37

(1) Lost.

.37 X .21 . :
(2) 16,3 i: 410;_:1?0’33 x 100 = 9.20%

A Possible Formula for the Base.

If we suppose that the dichloracetone and thiocar-
banilide reaset with the loss of a mole of water and a mole

of HC1l sccording to the scheme:
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o1
a-é-r H - N - COoHs
é =0 S = é
H-(‘}-H : #"xzt—ceﬁs
&
111 ] o
H-¢-H : N-CaHs__q H-o-H‘}
éao-a+n-s-<': — é-—u-cens
H- o B - Colls H-0 0= § - Colls
| S N/
¢l , )

This eompound would be ca’li’ed 2-=§heny1—imino—3~pheny1-
4-chloromethy1-thiazolin. it WOula ‘have the empirical for-
mula c;eH;sﬂsscl end its hydrochloride would have the er-
pirical formula CieHieN2S5Cla.

If these formulae are corrsct, the theoreticsl amount
of N in the hydrochloride would be 8.31%. There was actual-
1y found 8.16%. The theoreticel smount of N in the base
would be 9.32%. There was setuslly found 9, 20%. The amount
of chlorine in the hydrochloride wounld be 21,07%., The av-
erage of the amounts found wss 21.91%. The theoreticel am-
ount of HC1 in the hydrochloride would be 10.83%. The aver-
age of all the amounts found was 12.21%, 35.5/36.5 of 10.83
= 10.53%, the theoretical mmount of chlorine in the hydre-
chloride due to the ECl 35.15/36.5 of 12,21 = 11,87} the
amount of chlorine in the hydrochloride due to the HC1 as

caleulated f:i'om the scetual measurements,
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21.07 - 10.53% = 10.54%, the theoreticel amount of chlorine
in the hydrochloride ot due to the EC1. 21,91 - 11.87 =

"10,04%, the amount of chlorine in the hydrochloride as eal-
culated from the 'eietuailvmeasurements. A1l this mey be re-

presented in tabuler fom as follows:

H;rdrochiorliﬁef Base
Theory - - 8.31% 9,324
Nitrogen . — : :
8 - | Found . 8.16% .9.20%
, Theory  21.07% |
Total C1. [~ -
Found  °  21.91%
Theory 10.83%
HC1 —
| Found 12,21%
, ;~;;5: vfimhg‘ory , 10,634 .
€1 in HCL [~ ' , '
o Found - 11875
o Theory 10,54%
¢l not in [ —
gel | Pound . 10,04%

Thus, it will be iseen that while the .ﬁgareé_'relating
to nitrogen point fairly to the formula proposed, the ocal-
culations and results concerning chlorine are not so con-
clusive. Purthér work on composition, moleculer weight,
and reactions to show constitution will be necessary be-
fore sccepting or rejeeting the proposed formuls,

It might 2180 be mentiored that the original reason
for studying this ré;ction was the possibility of getting
a thiazgne derivative which would be identical with a pro-
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duct theoretically possible as & result of oxidizing the
di-phenyl-hydroxy thiazane. So far; the results of the
two sets of work do not point toward such a theoretical
coincidencse,

Theoretical support for the above proposed formula

<+ is found in the work of Traumennlé, He made diphenyl-

-imido«methyl-thiazplin fromvdi-phenylftﬁiénrea,and mono-
_ chlor-acetone. For the product of this resction, he de-
AnveIOped the formula:

CHs - ¢ — N - CeHs
o |
HC ¢ =N -~ Cels
N/ .
s (
It is not yet clear;;hbﬁ?&er;}wﬁether we_éhouldvor.
did get a compound corresponding to the formula proposed;
?aaci -
¢ — N - Cefs
] \
E-C C =N - CeHs
N 7/
S

or its lsomer

H= 0 — ¥ <. CeaHs

R | 1 ‘
ClH=C + C C =N - CeHs
< o \s /.- s

164, 249, 51 (1888)
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REACTIVITY OF VARIOUS ALKYL BRONIDES
WITH DI 'PHEEIYL THIOUREA
In the hope that light might be thrown on the probable

isomet produgeﬂ in the eaotion between thiocarbanilide and
didhloraoe‘bong a study was made of the reactivity of vari-
ous alkyl bromides with !thiooar‘banilide. This was done to
determine, if possible inhich type of alkyl bromide reacted
most resdily with the - s%i group in one of the tautomaric
forms of diphenyl thio\lzea. )

Earlier mrkn as eil as morevrecent.wofk done in this
laboratoryl® has shown lsth‘at 8 charecteristic reaction of the
substituted thioureas'ﬁs their ability to sdd directly allkyl
halides, according to the type reaction

R'IIHQS?JHR' ' + RX wR'NHC(SR)I*IR' T, KX
From the helogen hslide salts, thus formed, the action of
elkalies sets free the thiourea ethers.

It 1s obvious that the hydrogen halide, formed in this
resction, should form e salt with the elksli. If this salt

1701aus, Ber. 7, 236 (1874) and 8, 41 (1875);
Bernthsen and Klinger,. Ber. 11, "492 (1878
and 12, 574 (1879); Bemthsen and Friese,
Ber. 15, 566 (1882; Will, Ber 14, 1485 {1881)
end 15, 338 (1882); Rathke, Ber, i4, 1774
(188T); Evers, Ber. 21, 962 (18887,

18Dains and Thonmpson, Ksnsas University Science
Bulletin 13, 117 (1922)
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is extrected from other things with water, the measure of
the amount of helide in this agueous solution should give
a measure of the smount of thiourea and alkyl halide resec-
ting.

In carrying out this work in the laboratory, the reac-
tions were allowed to take place in & three necked flask,
In the central one of these necks, there ﬁa‘s inserted a wa-
ter condenser, in the tOp of which there was inserted a.
small bore tube to serve ag am air condenser, each conden-
ser being sbout a yard long, In a second one of the necks
was inserted a short-stemmed thermometer, the bulb of which
conld reach into any solution in the flask. In the third
neck was inserted a 10 e.e. pipette, the immer end of whieh
could dip into any solution in the flask, the outer end be-
ing closed with a short pisce of rubber tubing and 2 clamp.
A1l insertions were made through tight fitting corks.

All the reactions studied in this set of experiments
have been carried out in scetone solution. The caﬂ,culated'
weight of thiocarbanilide was introduced into the flask.
About three fourths of the a’pprop’riate volume of acetone
was added. The comections were properly aijusted and the
flask immersed in a water bath. The temperature of this
bath was kept between 65 and 70°. suffioient to keep the so-
lution inside the flask at its boiling point, Then the so~
lution of thiocarbenilide in acetone begsn to boil, five .
0. of the alkyl bromide dissolved in about half of the re-
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mainder of the ascetone was carefully pouredA in through the |
water condenser, snd washed down with the"b,élance of the
acetone. |

From time %o time, 10 e.e. portions of the soluiion
were drawn out and run into flasks containing 10 e.c. of
saturated NaHCOs solution and 10 ec.e. of water. After tho-
rough sheking, the aqueous solution was poured through &
filter and the precipitsated material washed on the filter.
Washings and filtrate emounted to practically 100 e.c. in
each case, Ten c¢.c. of HNOa‘ solution end 5 e¢.c. of ferric
ammonium aluml,solution were added. A me'aéured volume of
AgROa solution was run in, enough to be 111 slight excess,
This mixture was then tiﬁre}ted with XCHS uﬁtil the red end:
point was reaché&. |

Preparation snd Purification of Reagents.

‘Acetone, a good grade from general stock, was purified'
by allowing to stend several days over stieks of ﬂa{)ﬁ, decant-
ing off the acetone layer, and distilling from the flask con-
taining a stick of NaOH, using s fractionéting column, col-
lecting that portion boiling _‘hetween‘ﬁe and 57°, This ivas
redistilled, agein collecting the fraction boiling between
56 and 579,

Thiocarbanilide was pr‘epare@ by mixing equal_weights

(500 grams) of denatured slcohol, earbon bisulfide, and
freshly redistilled sniline, After two weeks stlanciing in

flask with eir condenser at room temperature, the erystals
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‘of thiocarbanilide had formed sbundantly. The mother 1i-
quor was filtered at pump. .Afte;'draining, the erystals
‘were successively washed with,gléohol, dilute HC1l, more al-
cohol., The product was thoroughly dresined and dried. It :
melted at 153°.

Alkyl bromiges,. except theftextiar; butyl bromide, wére
‘made by students, according to the godium bromide - sulfuric
‘acid~methoa;described in;"Organié.Syntheses" by Roger Adams
et al {Wiiey;’ﬁewaoﬁk, 1921) Vo1, I, page 6. The;alcohols
used were as follows: _

 Ethyl - 95% denatured from ge-
nereal stock.
nr?ropy1‘~ Eastﬁan Kodak Co.

iso~-Propyl -~ % " "
n - Butyl - " noom
isq-Butyl - n n "

see~-Butyl - Standard Oil Co.
’ter-Butyl alcohol was not used, the ter-Butyl Bromide being
‘obtained from the Eastman Kodek Company.-

The various alkyl bromides were purified by successive
washing with water, cold concentrated HeSOs., and NasCOz so-
lution, . They were then separated as eompletely as possible
from the aqueous layer, snd dried by standing over night
with anhydrous calcium chloriaa. The halides were then re-
peatedly‘dietilleﬁ, uaing a fractiongting_column-for‘the
lower boiling samples but omitting.iﬁ with the higher boil-"
ing samples. Fractions were finally reservedehich boiled
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within one degree above or below the 'fonowihg'fézﬁpai‘afures
salected from Beilstein::
Ethyl: bromide - 38.37
n Propyl bromide - 70,82
. iso Propyl bromide - 60.00
n Butyl bromide - 99 .88
;,i_z;so" Butyl bromide - 92.33
~ seo Butyl bromide - 91,30
i ter Butyl' bromide - 72,00

stanaarﬁization of Solutlons trsed in Titraticn, was

effectad by :81 rst making a gré.vimetric determina.tion of the
smount of bromine in a potassium bromida solut.ion. precipi-~
tating the bromine as’ gilver ‘bromide. This KBr solution mas
found to be ,;;,,09929--11; ‘The AglNOs eolutioﬁ was then titrated
against the KBr su}_.utioh, by };iovhr"éimetho&;} using K=CrOe as
an indiecator in-'néutrai‘solution.« This AgliQs __solution was
found to be ,09776 N. The KNS solution was then bitrated
against the AgNOs solution by Volhardfs method usiné' forric
ammonium elum as an 1ndicator in HANO0s soluti on. This. KCNS
solu‘c:lon wae foun& to be '.1084 N. The .NaIIOOa solution was
tested. for halogens aecording ._to the vblhardffme'thba. usnig
the sbove standerdized solutions. This NaHCOs solution
was found tobe .0001955 .1 for halogens. The KCHS being
.1084 N, 1 e.c. is equel to ,00964 grams HBr,

A Blenk on Ag0s snd XCAS.

A mixture was made of 10 e.c. Hz0, 10 ¢.e. NaH(Os so-
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lution, and 5 -_6,0, ferrie ammonium alum.  In this solution,

the Ag}}ma was titrgte& against ;tﬁe KCIIS',

AgHOa

KOHS

26 - 25 = 1 e.c.
27+ 26 =1 6.0

25, = 24,6 = ,9 c,c,
27,8 - 26.4'2 .9 c.o.

Average 1 ec.¢. Agl0s = ,9 c,c. ECHS,

A Blenk on Thiosarbanilide &nd Acetone. -

- Substance

Den~
sity

‘No,
C,Cs

3.'0:)'551

Grams

Hole Fraction.

_Thipéa,rbani],iaa

228

£.56

.Qa2

‘Acetons

58,792

50,5

40,

12000 gms. per -

© | earbanilide,

mole of thio-

Time

Tenp,

Hixture
wa.

o. ¢,
AgNOs

Used,

e.C.
KoRS
Used

AgROs
=
KONS

Dif, in | Equal
C.C.XCKS| to gms,
- HBx

2_:10#
2:40 .
3:10

58°

- 68% |

10
.10

107 1

.6

.5

.5 |.oz89
.2 |.o193
.4 |.0%86
31 .9 3| .0868

2 | .0289
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on the aVérage,'iOne;e, acetone and thiocarbanilide con-
‘tain the eqni#alént of ,0289 gram HEr and show a differ-
ence of ,3'¢.e, KCNS for the ﬁﬂﬂs used and the KoNS equi~
vaientféf the Agli0= used,

Ethyl Bromide snd Thioccerbanilidel

Mold Den~| No.| No. L
Substance Wt. | sity| C.C.| Grams Mole Fraction.

Ethyl |00y .. o
Bromide 309 1?4§ 5. 7,25 ,,o§§51‘
Thiocar- | , ‘
banilidge 228 . | 15.16 06651

R 2000 grams ‘per mole
Lcetone | 58| .792(167.9|133. of Ethyl Bromide or
Thiocarbanilide.

Normal—Prop#l Bromide and Thio~earbauilide?

Substance/%gl’ ggg; g°é Gggis Hole Fraection.

g;ﬁ;ggil 123|1.3853| b&. 6.765 .055
Panilide |228 | 12,64 .065

_ 2000 gms, per mole
Acetone 58 ,792|138.8]110, of Propyl bromide
or Thiocarbanilide

isee page 53.
25ee page 54.



‘Ethyl Bromide and Thioocarbanilide,?

1399 g Page 62,

| c.0. of|c.c. | c.c.|aaod| Dif. Deans - Equal %ﬁ'pﬁgf' |
Time| Temp. Mixture|HghOs| KCNS| = |in 0C.| ing .3 | to Gms.| sidle if | % Actually
| Deg. | Used. |Used.| Used|RCNS.| KCNS. | CC.for | HBr | Reaction | Reacted.

; ' |- Blank, gomplete :
1:507| 68,6 Rt ) e
1:56 (59, | 10 | 5 |a2| a5 .8 |0 | o | .3208 o .
2:01 [60 | 10 | 5 |3.65 4.5| .65 |. .85 |.00887 | .3206 | 1,06
2:20 |59, | 10- | & |85 | 4.5|l. | .7 |.00675 | 3206 | 231
'2:20 (69,5 10 | 6 |8.15| 4.5 |1.85 | 1,05 |.01002 | .3206 | 3.13

l2:90(s9 | 120 | 5 [2.6 |4.,5|1.9 | 1.6 |.o1642| .3206 4.61
8:19 [68.5| 10- | 5 |1.8 | 4.5 (2.7 | 2.4 |.02814| .3206 7.22
3:50 |58, | 10°| 5 |1.0 | 4.6 |85 | 3.2 |.08085 | 3206 9,62
4:26 |57.5| 10 | 5 | .4 |4.6|41 | 3.8 |.0663| .3206 | 11.43
4:40 56, | 10 5 | .2 | 4.6 4.3 | 4.0 |.0%856 | .,3206 | 12,08
5:00 |57. 10 5 | .06| 4.5 |4.,45 | 4,156 |.04001 | . ,3206 12,48

#Started.

‘eg



Normal-Propyl Bromide and Thiocarbanilide.?

RSee "a" Page 52.

Started,

3 | After Mex, Gms.
; c.0., of|C.C. | $.0.|AgHOa| Dif. | Deduet~| Equal | HBr pos~
Time | Temp. | Mixture|AgNOs| KCNS| = |[in €C.|ing .3 | to Gms.| sible if |% Actually
Deg. | Wd. |Used.|Used|XCNS.|XCNS. |o.c.for|- HBr | Reaction | ' Reacted
1 : Blank, Complete
42;{)3# | LA | 4 |
2:13 | 56 | 10 5 |2.6 |4.5]1.9 | 1.6 |.01642| 5207 4.81
|29 | B8+ | 10+ | 5 |1.6 | 4.5 (2,9 | 2.6 |,02506 | 3207 7.82
2:28 | 58 | 10 5 |1.4 | 4.5 |38.1 | 2.8 |.02709 | 3207 8,45
2156 | 68+ || 10 | & | .95| 4.6 |3.55 | s.25 |.08125 | 3207 9.77 -
3:08 | 58- | 10 |5 | .%5| 4,5 4,15 | 5.86 |.08711 | .B207 | 11,57
3:28 | 57..| 10 5 | .25| 4.5 |4.26 | .95 |.03808 | .3207 | 11,87
a:08 |67 | 10 | 5 | .15| 4.5 (4,35 | 4.05 |.03904 | .3207 12,15
4538 | 57 | 10~ | 5 | .05| 4.5 |4.456 | 4,15 |.04001 | 3207 12,48

i £]
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Iso-Propyl Bromide and Thiocarbanilide.”

substanoe |yi.| sity| 0.0. | Grams | Mole Fraction.
iso-Propyl|123|1.31 | 6. 6.55]| . 05325
Bromide. .
Thidéar- . : . 7
N | ©  |2000 gms.per mole of|
Acetone 58| «792|13%.5( 106,56 |Propyl bromide or
: o ~ |Thiosarbanilide,

f§§§e Page 56.

‘Normsl Butyl Bromide smd Thiocarbanilide.®

Hol.| Den- | No. | Fo.

Suhstange Wt. | sity | C.C. |Grans|
n-Butyl 1 . -
Bromide 137 0.3 5. .,5-§- _ﬁ04745A
Thiocar- : :
banilide |Z%8 10.82 .04745

. , o 2000 gms. per mole
Acetone 58 | .792 (119.8|94.89|of Butyl Bromide or

Thiocarbanilide

2See page 57.



Iso-Propyl Bromide snd Thiocsrbanilide’

1o | |after | |Hex, Gms.|:
C.C. of|C.C, |C.C.|AgNOs| Dif. Deduct~|Equal | HBr pos-~ |
Time| Temp, Mixture(AgNOs|KONS| = |in 0C,|ing .3 [to Gms.|sible if | % Aetuslly
Deg. Ad, Used. |Used | KCHS, | XCHJ, |ec.c.for| HBr Reaction Reacted.
- ) Blank Complete e
9:857| | - . 0
| 9:40 | 58 10 6.5 | 4.8(5.85 |1.06 | .76 |.00723 | ,3203 1 2.26
9:45 | 68 | 10 |5, | 32.2/4.5 |13 | 1.0 |.00964 | 3202 3,01
9:55 [ 58 | 10 |5 | 3.2(4.5 (1.5 [ 1.0  [.0096¢ [ 3208 EX!
10:05 | 58 | 10 |5 |33|e5 (1.2 | 0.9 [.00868 | ,3203 2,71
10:35 | 58 | 10~ |6 |3.2[e.5 [1.3 | 31,0 [.0096a [ ,3203 .01
11:26 | 58 | 10 5 [3.2|4.5 (1.3 | 1.0 [00964 | .3203 3,01

.1399. Page 55 "j;n’,‘.

#Start ed,

*9g



Normel Butyl Bromide snd Thioocarbanilide,?

i15ee "2" page 55.

| After Mex. Gmse|
¢.0, of|C,C, | C.0.|AgN98|Dif. | Deduet~|Equal | HBr pos- ,

Time |Temp.| Mixture |Agll0s| KCHS| = |in €C,|4ing .3 |to Gms.| sible if |4 Actually
Deg.: W4 |Used | Used |KCHS |XCHS | e.e.for| HBr ‘Reaction Reacted

‘ ‘ : ] o Complete - S

1:557| 60 ] o o

2:00 | 60 10 | .5 |41 |45 | .4 | .1 |.00096| .3205 .30
2305 | 60 10 | 5 [4. |a.5 .5 | .2 |.00193| < .3205 .60
2:15 |60 | -10-| 5 3.9 |45 | .6 | .3 |.00289 | .3205 90
2:26 | 60 10 |5 |3.65(4.5 .85 | .55 |.00830 | .3205 1,65

2:56 | 68 10 | 5 |8.25/4.6 | 1.26| .95 |[,00916 | 3205 2.86
3:25 | 58 | 10 | 5 |2.86|a.5 | 1,65| 1.35 |.01301 | .3205 4,15

3:55 | 58 10- | 5 |2.3 |4.5 | 2.2 | 1,9 |.,01832| 3205 5.72

4:26 |58 | 10 | 6 (1,9 |4.6 | 2.6 | 2,5 |.02217 | .3205 6.92

455 | 67 10 6 [1.6 |4.5 | 2.9 | 2.6 |.02506 | .3205 7,82

#Startea~
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iso—Bugzl Bromide and Thioearbanilide.a

ol Den-| No. | No. . "
Substance wt, | sity| c.c, |crams Hol. Praction,
Iso-Butyl|137 [1.26 | 5. | 6.3 .046
‘Bromide
Foiocar- l2z8 10.49 .046

| o 2000 grams per mole
Acetons | 58| ,792|116.2(92. of Butyl Bromide or
: Thiocarbanilide.
 'see Page 59,
Secondery Butyl Bromide end Thioearbanilide,®
' Mold Dén~ No. | No.
Substanese Wt. | Sity| C.C. |grams Mol. Fraction..
poo e 157 (1,25 | 5. |6.25 .0456
Taloser- | oeg 10,4 .0456
_ _ 2000 grasms per mole of
Acetone 68| ,792|115.1591.2 |(Butyl Bromide or Thio-
‘ » |earbanilide.

®see Page 60,




Iso-Butyl Bromide and Thiooarbanilide.;

i8ee "1" Page b8.

Afteru Hex, Gms,
c.C. of|C.C, | C.C.|AgNOs| Dif, | Deduet~|{Equal |HBr pos-
Time | Temp.| Mixture|AgNOal XONS| = |in ¢C.| ing .3 [to Gms.| sible if |% Aetually
Deg, Wd. |Used | Used|XCNS | XCHS. | ¢.e.for| EHBr |Reaction | Reacted
Blank, Complete
1:46%| 60 - B
l1:81 | 60 10 5 |2.7 | 4.5 | 1.8 | 1.6 |.01446 | .3204 4,51
1:56 | 60 10 5 [2.86| 4.6 | 2,15 | 1.856 [.01834 | .3204 5,73
2:06 | 69 | 10 5 |2.6 | 4.5 | 1,9 | 1.6 [.o1542 | 3204 a.61
2:16 [ 59 | 10+ | b (2,55 4.6 | 1,95 | 1,65 |[.01591 | ,5204 4,97
2146 | 69 10 5 |2.6 | 4.5 | 2, | 1.7 |.01639 | ,3204 5.12
3:16 | 58 10+ 5 |2.6 | 4.5 | 1,9 | 1.6 [.01542 | ,3204 4,81
#Started.

*6G



Secondary Butyl Bromide snd Thiocarbanilide,?

I

iSee ":" Page 58.

"1 C.C, of|C.C, | C.C.|AgNO3| Dif. | Deduct~-|Equal | HBxr Pos- :
Time|Temp.| Mixture| AglOa| XCNS| = |in 0C. ing .3 |to Gms.|sible if |% Actuslly
Deg. Wad. |Used | Used| KCNS |XCRS | ec, for| HBr |Reasction Reacted
“1- Blank complete
1:87 | 58 | | | T
2:05 |60 | 10 |5 |38 45 |.7 | .4 |[.00886 | .3208 1,21
|2:08 |60 | 10 |6 (2.6 |45 |.0 | .e |00578 | 3205 | 1,81
2:18 |60 | 10 (5 |3.6 | 4.5 | .9 .6 |.00578 | .3203 | 1.81 .
2:28 (60 | 10 |6 |27 |45 .8 | .6 [oos82 | 3208 | 1,50
2:68 |60 | .10 |5 |37 | 4.5 | .8 W5 |.oo4sz | .3208° | 1,51
*Started,

- *09
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 Tertiary Butyl Bromide snd Thiocarbamilide,?

Sﬁb'gifa?lz'g'e 3,';%3" “ gg%} g?é. | Gif'gﬁts Mol. Fraetion.

fer Butyl . : | |
Bromide 137 |1.19 5. 5.95 04343
5ﬁ1555r'>1228\1 109‘57 9.9 ) .04543

banilide

, ol L. .| 2000 grams per .mole
Acetone | 58| .792|109.67|86.86 | of Butyl Bromide or
B Thiocarbanilide.

13ee Page 62,

comparison o:l.’ the Reaetivities of the Va:rious
Alkx_ Bromides with Thiocarba.niiida !

It would be very unsafe to make any sta‘bements of &
quantitative nature regprding these reaetions without more
extensive study. One may, however, note the :Eollcwing
faets, (ses Page 63), ‘ '



Tertiary Butyl Bromide and Thiocarbanilide®.

igee "a" Page 61,

} . »after iax. Gms.|.
C.C. of|C.C. |C.C.|AgNOs| Dif, | Deduct-|Equal |HBr Pos- ~
Time |Temp.| Hixture|AgNOs|KONS| = |in €C.| ing .3 |to Gms.|sible if |4 Aotuelly
Deg. Wwd. |Used |Used|KCHS | KCNS. | co, for| HBr |Reaction | Reacted. |
[ | | Blank | Gomplete AR
8:41¥ |68 | R L
8:46 |59 10 25 |1.25(22,5 |21.25 |. 20.95 |,20196 | ,3204 | 63,04
8:51. |60 10 80 |4.45[27. |22,25| 22.25 |.21449 | .3204 | 66.95 |
9:01 |60 | 10 |20 [e.2 |27, |22.8 | 22,5 |,21690 | .3204 | 67.70
l9:11 |89 | 10 |20 |a |27. |28, | 22,7 |.21883 | ,3204 | 68,29 |-
9:41 |68 | 10 |20 |6.7 |27, |21.5 | 21.0 |[.20244 | ,3204 |  63.17
0:11 |56 | 10 |25 [3,05(22.5 (19.46 19,15 |,18461 | .3204 | 57.62
Fatarted.

*29



Comparison of the Bromides.

68.

Timé fi;om

4 R‘e;

Bromide. Begiming. Remarks (All time
‘ Reaction. acted from beginning)
Ethyl 2 Hrs | 9.62 'At'éﬁ&,éf'3 hrs 10 min.
‘ ' 12,48% reacted; equili-
'brinm not;yet_reachea.
n-Propyl 2 Krs 1._2.15 At end of 2 hrs, 50 min.
~ v 1 12,48% rescted; equili-
_brium not yet reached.
iso-Propyl| & E\,Irs'i: | -3.01 .Thié was 'eéuilibfi‘um: ,
: ' ;reached gtjend of 10 min,
n-Butyl . 2 Hrs | 5.,72| At end of 3 hrs., 7.82%
B ' ‘reacted; equilibrium not
;yet reached.
iso-Butyl | ¥ 1/2 Hrs | €. Egnilibrium;:
see-Butyl 1 Hour 1.6~ | Equilibrium.
ter-Butyl | 1/2 Hr | 68.29 Maximum, % reacted. com-

menced to decline.

Within-the limits of this work,

one mgy arrange these

bromides according to relative reaetivity in the following

order:

(1.

4.

2.

3. Eth;yl.

Ter—Butyl
n—Propyl

n-Butyl.

’5,vIso~Buty1.

6. Iso-Propyl.

7. Sec-Butyl.
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