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INTRODUCTION. 
The th1azanes are compounds containing a six-membered 

heterocyolio ring consisting of four carbon atoms. one ni-

trogen a.tom_. and one sulfur atom. If the sulfur and n1 tro-

gen atoms ln the ring are in the meta position to one an-

other,, the compound is called a -meta-thiazane. 

The first record of the preparation _of a meta-thia-

zane is by F •. Foerster1 • :By the reaction trimethylene 

bromide w1th thiooarbanilide, he obtained what he called 

phenyl-imido-phenyl-thiooarbaminsD.ure trimethylene ather, 

to which he gave the formula 

OHa 
/ ·, 

OHe BOeB& 
I I 

CHe O:NOeHs 
' / s 

The et1rrent name for this compound is 2-phenylimino-3-

phenyl-l, 3-thiazane. 

The type formula for such a compound is 

1 2 3 4 5 6 

S O(NR) NR OHa CHa CH2 

Compounds of this type have been made in a variety of ways: 

1. By the _reaction of trimethylene dibromi~e with 
tbioureas.1 : ·. 

2. By the rea.otion of trimethylene dibromide with 

1. Ber. ll, 1872 (1888). 



thioamides2 • ..._ 

3~ By the_ ,:eacti on of_ trimetbylene chloro-bromide 
' . 

wtth th1oam1des3 .. 

4. ·By th_e reaotion of -ganma-h~ogea1ied allqrl.. amines 

With carbon blsu1fide., as well as alkali rhoda.nids, mu.s-

tard. o,11s or thio:amides4• _ 

5• By splitting off. water from the ~hiourea.s formed 

from. gemma-oJcy; (I.mines. and; mustard o1ls5 •· 
- f, • 

6. :By :sp11ttwg otf water: from the· product. derived 

froin the ·reaction of beta-1odoprop1on1o ac1d · and xanthogen_-

amid or d1thiocarbamic acid sal ts6 • - -. 
7. By c·ondense.tion· of nitro-malonio-dialdehyde with 

thi ourea.s7• 

8. By the dehydrat1 on of the fl-form;v'l-derivtttive of 

the gamma.-amino-propyl merca.ptans8• 

In the Laboratory of Organic Chemistry 3t the Un1v.er-
si ty of --Kansas, ·unc1er .the direction of Professor F. B. 

. . 

Dains, oonsiderable work has been done on the synthesis 
2Gab:riel, Heymann,. Ber.• 23, 157 (1890); 
Ber •• 24 783 (1891); Xe.hen. 13e:r ••. 30, 
1320 (lli97 ). -

3Pinlms, Ber., 26, 1077 (1893): Rehlander 
Ber.• 27, 2160(].894); Saulmann. Ber •• 33 
2635 {1900) •. · -

4Gabr1el, Lauerl :Ser. 23, 87 (1890); Luoh-
manu, Ber. 29 _ 1896) ·'!429~30; Xahan, Ber. 
30, 1320-21(1.897). 

5iraha.n, Ber. ~,, 1.324 (1.897) 6Lenglet, Ber. 24, 3851 (1891). 
:Hale• Brill~ .Am. Soc. !!, 295 (1912 }. 

Gabriel, Ber. 49,llll, i11a (1916) -



of. these meta-thiazane derivatives by the reaction of ar7l . . 
ganma-hydroXJ"-pi-opyl.am1nes with the ar;vl isQthiooyana.tes, .. - . . ' . ' ... ·•· . . . 

the aryl-amino-p~opano1s being prepared from trimethylene 

chlorohy4r1n and appropriate a.m1nes9• Another related line 
' . . ' . . . ' ' ' . . . 

of work <'Onduoted 1n this laboratory has been the synthe-
•. . • • . 1 ••.• : • . . 

sis of 2-aryl-imino-3-~yl-5 hydroxy.-l.~thiazanes10• . , . . . - . . . . . . . 

The resear~h, on which this thesis is based_ has been 
. . . . . : . . . '. ' i. : . . • ' . : •. ' : 

concerned mainly with the s~thesis and prope~ties of some 
• • • • ' ' ' I I• ,• 

of these hydroxy thiazane deri,ve.tives, and certain oolla-. . '. : . . . . ,. . 

teral problems which develope4 during.this work. The first . . . / . 

of. :these studies ;has had to. do with the syn.thesis of the 

hydroxy thiazane derivatives.from amines. epiehlorhydrin, 

and mustard oils. The second set of studies has had to 
do w1 th the synthesis of such derivatives from thioureas . ' . . . 

and epic~orbydrin. The results of these two parts of the 

work were very satis:f'aotor7 .. The oonstitution of the. thia-

zanes ma.de by .the twq methoda is. more f1X'DllY established 
. .. . . .• ' 

by.the close agreement.of the properties_and·compoaition 

of the corresponding products. 
, . , 

Anoth~r portion ~f this t-esearoh has· involved a study 

of the reactivity of' sane·o:t these th1azanes with various 
' ( . ' . 

reagents. As a r~su.1 t o~ the~e reactions. 1 t was hoped 
to make some new uerivatives, of a different tn,e. Th1s 

. . . ' 

lead to the aonsi~era~ on of_ reaotlons ~:r thioureas with 
9Dains, et al, J-. A~ O. s., -44· 

2640 (1922). -

lODains, et al, J. A.O. s., 44 
2641 (1922). -



other halogen .and _oxygen derivatives of propane. A~so. 
, : ' . ·. . . . . ' . . 

there _arose tb,e pl"oblem-of determining the ,relati,re reac-. . . .. . '• . . . . : . . . 

tivi ty _of certain alkyl groups. When .their halides were . . - .. ···. . . . . ' \ 

sllQV1.ed to react with various thiourea.s. In this lo~ .of. 

work, owing to difficulties of technique and lack of time. 
'. . ' .· . ·. . . 

the results have .not been so well rounded out as 1n ·-the 
. .. . ., "" . I•. • . I 

first parts of, the work; but. as \Vi.11 appear in the bo"-y 
~f this_ thesis• many. very interesting results .. have been 

obtaine~; and there -have developed numerous problems for .. 
. .. :...... . • . t . . 

further research •. .. . •. 



5. 

SYNTF.ESES OF 2-ARYL-DUN0-3-ARYL-5-HYDROXY-1 3-!.I!HIAZ.ANES ---- - - -----· -- -· -- - ------· - - --------
FROM AfJCINES • EPIOHLORHYDRIN. AND MUSTA.lID OILS. _ ____,........,...,. . - -

1 In the work of Dains. Brewster. Blair •. and Thompson11, 
. ' ' 

. some 2-aryl-imino-3-ar~~~hydro:xy-l. 3-thiazanes were mede. 

T~e first step was to make·the alpha~amino-beta-hydroxy-

ga.nma-chloropropane derivatives· according to· the. method of 

Oohn and Friedlander12 by adding epiohlorhy'drin to substi-

:.tuted· amines: in alcohol· soiution. To Sllch solutions. Dains 

et al subsequently added mustard oil.a. ·uter this. the ma-

ter1a1 was extracted with dilute HOl and the free thiazane 

precipitated from the acid extract by the.addition ofmI•OH 

in excess. 

Some additional syntheses by these reactions have been 

made. In practically all cases.· it has been found suffi-

cient and easy to work according to the f'olloWing method: 

The amine and epichlorhydrin, each :in alcoholic solution> 

are put together in a beaker. _The solution is allmved · to 
stand. over. night or longer, evaporation being retarded by 

covering. .Mustard oil in e.lcobolic solution is added. The 

solution is allowed ·to stand over night or 'longer,. evapora-

tion .being -retarded as before. · The cover is removed and·· 

evaporati_on ·a110\ved to proceed spontaneoualy until a copi-

ous crop of crystals has ·formed and diminution of the li-

quid phase has apparently stopped. The mass is treated 

11J. A. o. s., i,!,. ·26.41 .et seq .(1922). 

12Ber. !!,. 3035 {1804). 



with two or three times its volume of dilute RCl {1:6) • 

warming on water-bath with frequent stirring for an hour 

or longer. Often it is advisable to repeat the extraction 

with HOl one or more tiines. -After warming w1 th the HOl, 

allow the mixture to cool and settle over night. Decant 

through filter. Dilute the filtrate with an equal volume 

of water, when more or less precipitate may form, render-

ing necessary a repetition of the separation process. The 

clear acid filtrate is poured, with constant stirring, in-

to an excess of NH40B. when the basic thiazane precipitates. 

Sometimes a chunk of ice in the NH40H facilitates the har-

dening of the precipitate, which may be liquid at :f'irst 

while the mixture is warm from the heat of reaction. After 

settling, the precipitate is collected on a filter, suction 

usually being advisable, washed W1 th dilute NR ... OH. and 

thoroughly drained. The thiazane is next dried on a plate. 

Further purification, as a rule, is readily effected by 

successive crystallization, once or more from a1cohol and 

once or more,from benzene. 

The acid insoluble portion in the above process, when 

washed on the filter With cold denatured alcohol, usually 

leaves a residue, which 1n some oases has been proven, in 

other oases has been assmned to be a substituted thiourea, 

such as is formed by the direct action of the amine and 

mustard oil used.13 

The al.coholio filtrate from the above residue. upon 
13w. Vlei th, Ber. ,! , 210 et seq ( 1873) • 



-evaporation leaves :a more or ·less viscous liquid. The · 

exact nature of this portion of the separated products is 

.not· yet fully deterniiried. The matter requires further 

study. 

!-Pheriyl-imino-!,-para-~..:phenyl-6;..hydroq-

1. 5-_th_i __ a_z __ an_-_e., - -
34.4 grams para-Brom~aniline 

18~5 grams Epichlorhydrin 

27. grams Pheny1 mustard oil 

100 o.c . .; Denatured aicohol 

!rhe ·para-brom-8il.1line and ·the epichlorhydrin were 

dissolved in the a1cohol. and 'the solution al.l..owed to 

stand two days. The phen;rl-mnstard oil was added .and the 

soluti'on .allowed to s·tand two days longer. Ab.out two hours 

after adding the mnsta.rd. oil, white crystals had formed. 

and by the end ·of the two days crystals had formed through-· 

out the_ma.as· and the excess solvent had largely·evaporated. 

·The· crystals were separated by filtration, digested 

with hot dilute HCl, again- thrown on filter and washed with 

water. By successive cryste.llization from hot denatured 

alcohol, the crystals w·ere purified, -until a. mel.ting point 

of 157° was r·eaohed. · These orystals·.were proved to- be- 4,;.. 

brom-diphenyl-thiourea by making a ·sample -of the, latter 

from para-brom-aniline and phenyl mustard oil and comparing 

melting points: unknown sample, 157°; Im.own 4-brom-diphenyl-

thiourea. 159°, mixture, 168°. -The mother liquor from these first crystals, upon 
.. 

standing another day. gave a second small crop .of cry~;ais. 



,~. 
,.These,, ,when washed with denatured al.oohol. ·were·. found -s1-

,milar to the main ·bulk ·Of thia.zane· lat·er separated;; melt-

ing point 177° •• 

. The ac_id washings· from th·e- first· crop of crptels. 

when-·poured _into :excess mI40~ gave a white p_recipitate. · 

The preofpit ate was washed with dilute' NH40R and recrystal-

lized; .from· dent\\tured alcohol. meltiJ;lg point· 164-7°; from 
' bensene. mel ttng; point. 177°. 

'The· mother, liquor :sfrom the ·second o:top o:r crystsls 
~.:-~ 

'<~.-:---
was warmed with dilute HCl • resulting in a yellow oil un-: 

dernea.th a. milky aqueous layer. After·settling the aque-
ous .layer ·was repe·~t·ed~y decanted through filter until 

clear •. 

· The. yellow oil was steam-distilled. There came over 

a small amount of almost whtte oil. This was proved tQ 

be phenyl mustard oil .by treating with aniline and c'ompe.r-

ing the crystalline product. after washing with dilute. HOl 

and alcohol. with a known sample ·-of thi(:oarb,µtllide: un-

known .product. melting point 155°; lmown thiooa.rbanilide. 

melting point 153°; mixture. melting point 153. --· 

After the stemn-distillation •. there remained behind 

a very Viscous yellow liquid. This was dissolved 1n al-

cohol, but the solution ga?e no crystals on standing., ·Af-

ter the alcohol had evaporated, there still remained a 

thick syrapy. liquid. It.: ,l_s insoluble in water. It is ap-

parently neither· an acid nor. ·e. base~-- -It 1s soluble in 



9., 

~ther end in cold concentrated HaS04. The solution ·i.11 · ,. 
H:aS94. w;tien poured on ice. 7ields a white precipitate,b~ 

co~g .pa.sty .on. warming. so .far,. the identity of. this 
thick liquid fraot_ion is _11?1determined. 

The <?lear, .acid aqueous .layer .. fr~ the diges~iqn. o~ 

the mother liquor With hot di lute· -HOl was poured into an . . . . . . . . . . . .... 

exce.sQ of NR4(?H •. ,producing a_ pinkis~-white precipit~te •. 
: . . . ' . . . . . . . . . 

Thi~ precipitate ,,as purifi.ed by successive cryst,al.lization - : . ' .. , . . .. ' . ' . 

from alcohol: melting points observ.ed being 143-9°. 1.q:1-9°. 
• . • • . • I • -

150-5° •. 

J:t. being .q-c.ite evident that the crystals w,ere .impure • 
. _ ' . •. -· . . . '·.. . . . , .. ' 

th~y w<:>re_ washed on. filter with cold dilute •H.01. The fil-

tr~te. on standing gave crystals. evidently the hydrochlor-. . . . . 

' . 0 
ide, completely sol.uble in w~ter~ meltin:g point 191 • 

The residue from above -treatment wi-th oold dil.u1ie, ROl, 
• • • •. I • • ' 

when treated With warm dilute HOl_. practically all dissolv-

ed. This solution :was fil te~ed and poureil into excess of 

lmo2oOB. T~e ~htte precipitate was St1ceesstvely orystaJ.lis-

ed: from alcohol, melting points 1J2° and l.77~ sharp; f'rom 

benzene. melting po~nt. 177° sharp. 

The tota1 yield of bas& from the. various fractions . , . . - . . . . 

was about. 20 grams • 

. The base was.;.:_analyzed for nitrogen by the .. Gunni~ 

method: four;id,. 7.62% and 7.36%; ca1ouJ.ated for (b.oB1s0N2S:Sr. 

7.71%. 



(1) (2) (B) 

.3155 .3459 

correction · ~0025 .0025 

Samp~e • 3130 gm. ·.3434 gm • 0 

H2S04 30 o.-c. 30 o.c. 30 c.c. 
NaOR 44.8 43.6 61.4 

l o.o. Ba.OR• .486 o.o. acid. 

1 o.c. HaS04- • • 00292 grams If. 

44.8 43.6 61.4 

X .486 .• 486 .486 

21.77 21.19 29.84 

30 50 30 

21.77 21.19 29.84 

8.23 a.s1 .16 

Deduct for blank .1~ .16 

a.o7 8.65 

(l) 8.07 X .00292 X 100 -,, 52dl. 
.$130 - '• :p 

Oal.culated for 01elI1sON2SBr • 7.11i 

,!-pa.ra-Tolyl-imlno-,!-~-naphthyl-!-&dro&-

1, 3-thiazane. 

15 grams beta naphthyl amine. 

10. 



10 grams Epichlorhydrin 

q.s.200 e.o. De~atur~d Alco~ol 

11. 

4 grams Pt$~AJprm"'1S.iiI;6.Jtll• ... 
8 grams ~:i:a-~•nms~ad oil. O; "'il,w~ 4 

The beta-naphthyl amine was dissolved in 160 c.c. of 

alcohol. The epichlorhydrin, in its own volume of alcohol, 

was added~ After standing over. night, the solution was 

filtered, and enough alcohol was added to make 200 c.c. of 
solution~ 

To 50 c.o. ~f above solution, 4 grams of para-tolyl 

mustard oil was added. The viol~t-brown solution was warm-

ed on the water bath until a_thiok brown syrup was fonned. 
No crystals formed ev~n after p~olonged standing. Vlhen the 

. : . . . 

syrup was treated with water containing a little ROl•· the 

syrup partially dissolved. Upon filtering, there was ob-

tained.an orange-~rown gwnmy ~esidue and a nearly clear 

yellow filtrate.. This f:ll tra.te was treated with dilute· . . . . 

HaOH 1~ s1.1ght e~~ess. Jield~g a light orange precipitate. 

The preoipitate was separated b~ fi1ter1ngwith auction 
' • a 

and dried ~n pa.p~r.. The .Yield was. a1?out 2 grams. 

The process was repeate~. except that double quanti-

ties were used,. and NH40H w~ used to precipitate the thia-. . ' . ;.' 

zane. This time the yield was about 4 grams. 

After drying o~ porous plate, the cril3tals had a melt-

ing point of 117-123° •. The product was purified by succes-

sive orystallization from eJ.cohol and washing With petro-



i2~ 
leum ether. The final product, though still slightly ting-

ed with orange~ eeemed·praotically pure; melting point 152°. 

The thiaza.ne w~s analyzed for nitrogen by the Xj eldabl 

method: found a.107' and 8.2~; calculated for C21Hao OliaS, 

8.06%. 

Sample 

·HaSO~ 

(1). '(2) 

.2000· gm. .2000 gm. 
25 o.c. 25 o.c. 

19.4 19.3 

· 1· o. o. Na.OH = • 927 · o. c. acid. 

1 o.c. HaS04 = .00301 gram N. 

19.4. 

:x .927. 

17:. 98 

25 

- 17.98 

'1 .02. 

i9.3 

.927 

17.89 

25 

17.89 

7.11 

Deduct. for blank 1.64 1.64 

5.47 

(1 ) 5.38 X .00301,X 100 S lQ1l. . .2 - . 

Calculated for Oa.i.HaoONaS • 8.o5i. 

(B) 
,· 

0 

26 o.o.' 
2s.2· 

25.2 

.927 

23.36 ' 

25 

23.36 

1.64, 



2-para-Tolyl-imino-~phenyl-5-~droq-1,3-thiaza.ne. 
. .•·· ' . 

50 grams Aniline - --
. _ :, . 

50 grams Epichlorh7drin 
> '• 'l. • .• . 

80 ·grams para-Tolyl mustard oil. 

100 o. c•- Denatured alcohol. 

13. 

'The aniline, freshly _red1st1~led, and the epichlorhy-

drin, each in 60 o.c. Qf alcohol, were mixed and allowed 

to stand over night. The para..:tolyl must~d oil was ~dded 

in two lots about three days apart (no particular reason 

for the time of adding the mustard oil is now reoEl.lled ex-

cept fai1ure t~ add it all the first -time.) The entire 

mixture was h eat~d· on the water bath for about three hours 

when it formed e. thick reddish-br_own SJrllP• Upo_n treat-

ment with water aoidulated with HOl., a considerable ~or-
' tion of yellowish-brown ga.mmy substance would not dissolve. 

All the material was subjected to steam-distillation.. 

Some 4 or 5 e. o. of light. y~l.low oil* . do~btless para-tolyl 

mustard oil caYJ1e over. After this oil had practically 

ceased ·to distill, all of. the _gummy residue not being clis-

solved, the stuff remaining in the distilling flask was 

cooled and decanted through filter. Dilute Ila.OH was added 
. . 

in slight excess to _the .filtrat~•- resulting 1n the forma-

tion of' a nearly white precipitate._ gummy at first. but 

finally hardening to a chalk,;_like mass.; The yield was 

about '10 grams. 

Part of above base, 20 grams. was dissolved tn dilute 

HOl, reprecipite.ted with lffl4QH, colieoted o~ filter, washed. 



14. 

dried on paper. an~ finally dried .~ porous plate. The 

yield was 18 grams. Melting point was 116-117°. After 
successive crystallization from alcohol and washing with 

petroleum ether. the apparently pure thiazane gave a melt-

ing point at 139°. 

The thiazane was analyzed ~or nitrogen by the K~el-

dahl method: found 9.43% and 9.211'; calculated for o17H1a-
ONaS, 9. 40'$. 

Sample 

R2SQ4, 

NaOH 

(1) 

.2000 gms. 

25 c.c. 
18.4 

(2) (B) 

.2000 gms. 0 

26 c.o. 26 c.c. 
18.6 25.2 

l o.c. NaOH -• .927 o.o. HaSO•. 

1 e.o •. HaS04 = .00301 gram N. . . 

18.4 18.6 2s·.2 

X • 92'1 .927 ·.927 

17.06 1,7.24 23.36 

25 25 25 

- 17.06 17.24 23.36 

7.94 7. 76 1.64 
Deduct for blank 1.64 1.64 

6.30 6.12 

(l) 6~30 X •?g301 X 100 • 9• 43% 

( 2 ) 6.12 X •?g301 X 100 mg.Bl% 

Calculated for 017H150N2S = 9.~. 



~ortho~Tolyl-imino-_!-ortho-tolyl-,!-gdrog-

1, 3-thiazane. - ---------
107 grams ortho-Toluidine. 

92.'5 grams Epichlorhydrin. 

250 ·c;c. Denatured alcohol. 

149 grams ortho-Tolyl ?JU.eta.rd Oil. 

,, 

15. 

The ortho-toluidlne ena>•ep'1chl~rhydrin were dissolved 

in the aJ.cohol and allowed to stand over night. The ortho-
tolyl mustard oil was added. The mixture was al.lowed to 

stand a week, the solvent.being allowed to evaporate spon-

taneously. The thick syrup was. mixed with an equal amount 
I 

of water containing a few c~·o. of Bel, and digested at 

about 100°. for about an hour.· The acid solution was fil--

tered off and poured into ·an: excess of .tm•OH, cooled with 
. , . 

. ioe. The precipitated base was colleoteci on filter, wash-

ed, dried, and crystallized several times from alcohol. 
' : ,., ·, . . 

The yield- was a.bout 22 grams. The melting point was 139-
1400. 

The thiazane was ~alyzed for nitrogen· by the Xjel-. . . 

dahl method: found 9. 21% ~d a. 87~;. calculated f'or . 

01aH2oON2S, 8.98%. 



Sample 

Raso.., 
lfaOH 

'(l) (2) 

4. 7,636 ~S• 4. 7391 gms. 

4.5184 ·4~5184 

.2452 

20 c.o. , 20 .. o.o. 

24.4-

1 c.c. ·NaOH • .4762. o~c-. _H2S04. 

1 c.c. H2S06 ·= .002873 gram N.; 

24.4, 26.6 
.4762 .4762 

11.62 l.2.67 

20 20 

- 11.62 12.67 

8.38 7.33 

16_ .. 

0 

20 c.c. 
40.9 

40.9. 

.-.4762 

19.48 

20 

19.48 

.52 
' Deduct for blank ' .52 .52 

7.86 6.81 

(1 ) 7.86 X .002873 X 100 di_ .245! 9.21~ 

(·2) 6.81 X .002873 X 100: 8 87~ .2201, A "Ja 

~-Phenyl-5--ortho-ohlorphenyl~5-hldroxy-

!, _!-thiazene; attempted. 

25. 5 grams ·or1?ho-Ohloraniline. 

18.5 grams Epichlorhydrin. 



27 gr~s Phenyl mustard oil. 

100 c.e. Denatured Alcohol. 

The ortho-chlor aniline and epichlorhydr1n were mixed 
' . 

in alcoholic solution and let stand over night. ·The phe-. . ' 

nyl mustard oil was added and the mixture allov1ed to stand 
• . • ' • # ' \ 

several days •. Got a visc_ous brown s~p. mien tr~_ated 

with dilute HCl, pa:rt of the syrup_ dissolved. From this 
. ' . ', 

solution, alkali· precipita.~ed a; light brown 011. fJ!his oil 

had basic properties. Efforts to get a solid by crystal• 

lization from alcohol, or bysolutio~in acid and repreci-

pitation with NaOH or mr~oH have thus far failed to give 
. . . ' 

a crystal.line product. FUrther work will be necessary be-

fore one can say whether the basic oil is a mixture or a 

chemical individual, and in the latter· case, what. 



sYNTHEsEs M 2-Am~rmto-~ARYL-
.. 5-HYDROXY-l, •· 3-THIAZAMES nQM 

THIOUREAS AND EPIOHLORHYDRIN. -----
In the work of . Dains., l3rewster, Blair·, and ~ompson14 

the 2-phenylimino-3-phenyl~5~hyd~oJey-l,_ 3 tpiaaane.was_ 

made by heating thioSo~rbanilide· end epichlorhydrin .. in ac8; 

tone solution :f'o:r some hours. From _the products of this 

reaction·. a base we.s ob.tained whi~h we.a· identical with the 

base obtained by the former· method ·from a.n1·11ne. epichlor-:, 

hydrin. and phenyl mu:stard 011. Both products melted at 

175°. 

This reaction has been repeated and extended. In all, 

the d1phenyl, di-ortho-tolyl, di-para-tolyl, end· di-meta-

xylyl derivatives have been 'me.de. A$ a rule. the obtain-
. . 

1ng and purification of the crystalline bases was more te-

dious, and the yields seemed veey much soia.ller than by the 

former method. There was obtained considerable oil, as .. 

yet.unidentified, which 'lad some of the properties of a 

meroa.ptan. The greater part of the crystalline material 

obtained had the high melting points ond _. other properties . 
of substituted u:reae. It seemed that the various thio-

ureas. under the influence of the .· ~piohlorhydrin, were 

converted into the dor:responding ureas. 
. ' . 

14J~ .A. C. S., 44,· 2642 
(1922). ·- .. 



!-Phenylimino-,!-phenyl-!,-hydroxy-!~!-thiazane. 

50 grams Thiocarba.nilide. 

25 grams Epichlorhydrin. 

100 o. c.: Denatured aloohol. 

The epichlorhydrin was dissolved-in the alcohol and . 
the thiocarbanilide was added. All of the thiocarbanilide 

did nqt dissolve at first, ·though a.J.;L . of it had dissolved 
. ' 

by the time the mixture had been heated on a water bEi.th 

under a reflux for about sn.'hour. · Thia heating ~a.s oon-
' . 

tinued '..for about 8 hours• After standing over the .week-

end, ·the ~cohol was distilled off on water bath. The re-

sidue was di stilled with steam for about an hour. This 

distillate. after s·ettling and filtering, \~B extracted 

with ether• ' The ether i-1as allowed to evaporate. yielding 

yellow oil. This was soluble in HCl~ The acid solution, 

when trea.:ted with excess Na.OH, gave a preeipi tate like 

the original oil. The oil was· soluble in water. When the 

aqueous solution was treated with.-,-'!- solution of HgOl2. a 

heavy white cu.rdy precipitate was formed. The identity 

or constitution of this oil has not yet been fully estab-
lished. 

·The residue, after the steam distillation, _was yellow 

and pasty. It was warmed on the water bath with dilute 

HOl. The mixture was allowed to settle and filtered. 'J!he 
residue, insoluble in RCl, was-repeatedly.crysta.ll1zed 

from alcohol, digested with acetone, and boiled with 



20. 

troleu.m ether. The white crystals obtained• mel ti:ng point 

234-235°. proved to be diphenyl· urea. 

The filtrate. from the• digestion w1 th HOl. was cooled 

with ice. and treate~ with an excess of Na.OH, yielding a 

white precipitate. which was ·colle<Jted and washed on the 

filter. This precipitqte was d1ssolved in hot acetone. 
end the solvent all~ved .t.o evapora.t~ spontaneously, pro_-

duoing white crystals, tinged wi_th red, melting point 167-

1680. Farther crystallization from acetone ·gave crystals 

melting at, 170-172°.· -These crystals were finaJ.ly boiled 

wit~·petroleum ether and recrysta111zed from acetone .. The 

yield was about 19 grams. 

· The p:roduct -,.vas 1dentical.with,·the th1azane obtained 

from aniline. epichlorhydrin. and. phenyl mustard oil, both 

swnplea an~ their mixture meltine;:··sharp at 175°. This "thia-

aane was· analyzed :tor nitrogen· by the Xjeldahl method: 

found 9.82% and 9. 95%; caJ.cule.ted for OieR:z.eONaS • 9.867t 

-Sampl_e 

HaSQ4 

lfaOH 

(1) (2) 

1s.·sa20 gms• 15~1843 gms~ 

15.1843- . 14.8082 

.3957 

25.05 o.c. 
.3761 

25. 

22.4 

1 c.o.·RaS04.• .002888 gram N. 

(Bl 

25.l c.o. 



21.6 22.4 

X '.48 .·48 

10.57 · 10.75 

25.05 25. 

-· 10 .• 37 . 10.75 

14.68 14,25 

De.duct .for blanlt 1.29 1.29 

13.39. 12.96 

(1.) 13.39 X .002888 X 100 9 82~· 
.3937 = • 70 

(2) 12.96 X .002888 X 100 9.95% .3761. = 

Oaleula.ted for C1eH2.eO!faS :a 9.8Gj. 

49.6 

.48 

23.81 

25.1 

23.81 

1.29, 

!-Rara-Tolylim~no~3-para-tol;tl--.2,•hydroxy-

!,!-_t __ hi ... a .... z .... an ....... e. 

50 grams Di-para-tolyl Thiourea. 

21 grams Epichlorhydrin. . . . . . . 

50 o.c. Denatured alcohol. 

21.· 

The_ dipara-tolyl thiourea was a.dd~d to the solution 

of the epichlorhydrin 'in the alcohol. The mixture was. 

heated on a water bath. under a reflux until_ .all· the thio-

urea dissolved1 taking about two hoUl"·s. The mass was :f;rea-
• • • 4 •.•• 

. . 

ted with 20 c.c. HCl in 200 c.c. a1cohol, al.lowed to· stand, . ' ' ' . 
. . . . 

and decanted through filter. The filtrate was cooled with 

ice and NH40~ added in slight exoess, yielding a_wh1te 



by 
22. 

precipitate, which was separated" sucti on-filtration. When 

the precipitate was treated with alco11ol and m,1, it part-

ly dissolved. . From the residue. the correspond~ng oxygen 

urea. was isolated. 

The acid filtrate was cooled with ice and treated with 

an excess of NH4-0R. Th& white precipitate- ·was successive-

ly crystallized from hot alcohol, dissolved in dilute HCl, 

poured into ice cold !ffi4.0H,. -collected9 dri~d on plate. boil-

ed with-petroleum ether. and recrrstsllized from alcohol. 

The yield was about 12 grams. 

The product, melting· point 142-142. s0 • was compal".ed 

with the thia.zane,. melt~ng.point 141.5-142.5° • from para~ 

toluidine, epichlorhydrin. and pa.ra-toll'l mustard oil, -the 

mixture of the two bases melting at 142-143°. Thi~ thia-

zane was analyzed £or n1 trogen by the Xjeldahl . method: 

found 8.77)1 and 8.76%; colculat~d for 01aH2oON2S, 8.98%. 

Sample 

NaOH 

l c.c. 
1 c.c. 

(.1) (2) 

4.6931 gms. .4.7324 gms. 

4.6182 4.5182 

.1749 ' .2142 

20 c.-o. 20 _C.«h 

28.4 c.o. 25.9 

NaOH = .4762 c.c. H2S0•. 

H2S011," Cl .002873 gram N. 

(B) 

0 

20. 

39.6 



28.4 ·25.9 59.6 

X .4762 .4762 .4762 

13.52 .12.33 18._86 

20 .20 20 

- 13.62. :12.33 '-18.86 

6.48 7.67 1.14 

Deduct for blank 1.14 1.14 -

6.34 · 6.53 

(1) 5.54 X .0028?3 X 100 • 8.7 __ 74 .1'149 ,-

{2) 6.53 X .002873 X 100 ·• 8.761' .2142 . I 

!,-ortho-Tol:ylimino-!-ortho-tolyl•§_-hydrog-

1.3-thiaze.ne. ------
60 grams Di-ortho-tolyl thiourea • 

.. 
42 grams Epichlorhydrin. 

100 c.c. Denatured alcohol. 

2~. 

~he di-ortho-tolyl thiourea was added to the solution 

of epichlorhydrin in alcohol. The mixture was heated on a 

water be.th, under a reflux, until the thiourea was ~l dis-

solved. The alcoholic solution was poured into water oon-

taining HOl and the mixture warmed.. After settling, the 

residue was separated from the supernatant acid solution 

by decanting through filter. The corresponding oxygen urea 



was recovered from this residue. 

The acid filtrate ,vas poured into excess of tra"'oH. 
cooled w1 th ice. The precipitated base was purified by 

. . . 
aJ. ternate crystallize.ti on. from alcohol and boiling with 

. ·,. 

petr·o1eum ether• The Jield was abo~t 17 grams. 

The product was compared with the thiazane obtained 

from ortho-tolu1d1ne. epichlorhydrin,. a11d. ortho-tolyl mus-. 

tard oil;. both samples and the mixture melted at 139-140°. 

This thiaze.ne was analyzed for nitrogen by the KJeldahl 

method: :found 9.21i.ena 9.16%; calculated foJ:'.01aR2oori2s, 

8,.98% .• 

Sample. 

RaSO• 

IfaOH 

1 o.o. 

1 o.o. 

X 

-
Deduot· for blank 

fl) (2) 

4.'1634 gms. 4.7769 g,ns. 

4.6184 4.5184 

.2350 .2585 

20 o.c. 20 c.o. 
25.l 23.6 

Na.OH -.4762 o.c. HsS04r. 
; 

H2 504 • 

25.l 

.4762 

ll.95 

20 

11.95 

8.05 

.52 

7.53 

.002873 gram N. .. 
23.6 

.4762 

11.24 

20 

11.24 

8.76 

.52 

8.24 

(J3) 

0 

20 o.o. 
40.9 

40.9 

.4762 

19.48 

20 

19.48 

.52 



(2) e~24 x .002a73 x too 
.258& = 9.16%' 

.. 2-.meta-Xylylimino-3-meta.-qlyl-5-hyd:t'ox.y-

1,3-thiazan.e •. 

The di .meta-xylyl thioure was first prepared from 

-~7 grams 1:3:4 Xylidine. 

50 grains Carbon bisul:f'ide. 

l gram · Sulfur, 

100 c.c. Denatured alcohol. 
' ' , . . ' 

,· 

These ingredients were mixed an~ allowed to stand ov-

er night. The bro\vn solution was then heated a.bout four . , . 

hours, on a water bath under a reflux. A_ w~i te preoi~i-:-

tate formed. The mother ~iquor was ev~porated on a water 

bath, leaving a pi~ish to. b:l'ownish_ s~lid.. This was puri-

fied by digesting ~1th war_m ~oohol, and subsequent wash-

ing on filter with warm ~oohol. 

The di meta-xylyl thiourea from above. . . . 
20 o.o"' Epichlorhyd~n. 

100 o.o. Denatured Alcohol. 

These ingredients were mixed and heated on a water 

bath 'Wlder a reflux for a.bout eight hours. Not all of the 

solid material was in soiution · at the end of this time. 
' 

Upon standing, more solicl material crystalli£ed out of the 
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solution. The liquid was filtered off. The solid was 

washed with alcohol. It was · apparently the c·orresponding 

oxygen urea. more · or less pure~ · 
The f1ltr.ate and washings."from above· were diluted 

with water.. A light brown C?il \~a~· precipitated. The com-

position of this oil is as .yet undetermined. 

The aqueous layer· :t:r:om above was. poured into ice cold 
. . -

NH40H •. A dirty white pasty precipitate was formed. It·was 

very diffioul t to get any of this basic material into cry-
' . . 

. stalline · form.· . But a:fter seve'ral times redissolving in HCl 

and repreoipitating with NH40H. and after repeated crystal-
-. . - '· 

. ' ' 
i1ze.tion from aJ.cohol. a good samp1e of crystalline solid 

was seoured. The yield was between 2 and Z grams. 
This thiazane ·was finally purified to the point where 

., 

1 t melted sharply at 146 °. It was· analyzed· for ni.trogen 

by the Kjeldahl method: found 8.24-% and 8.24+%; calcula-

ted for .OeoHa40NaS, 8.24-%. 

(1) ( 2.) (B) 

4. 7846 grns,,,. 4.7964 g,ns. 

- 4.5179 4.5179 

Sample .2667 .2667 0 

HaSO• 20 o.c. 20 c.c. 20 c.o. 
NaOH 25.12 24.5 41 

1 o.c. llaOlt •··.483 c.o. HaSO,. 

1 o.o. Raso.= .002as. gram N. 



25.2 

.x .483 

l2til7 

20 

- 12.1'1 
'1.83 

Deduct for blank .20 . 

24.5 

- .• 483 

11.83 

20 

11.83 

8.17 

.20 

7.97 

(2) '1.97 X .00288 X 100 = 8.24;b . .2786 

Calculated for 020H1u,OU2S = ·e~ 24%. 

27. 

41 

.483 

19.80 

20 

·19.so 
.20 



OOllfP.ARISON OF HYDROXY THIAZA!lES 
. -

MADE BY TWO METHODS. --
n:ree of these thiazanes have been made by both me-

thods. The corresponding· derivatives are shown to be 

identical. by agreement of melting pDints and checking of 

analyses. The data is summarized in the following table: 

Average 'lo of B 
., 

' '!'· O.alou• 
Derivative lated 

First Second % of .1" First Second ·?ttxture 
J;{ethod P.lethod Method :Method 

... .. 
\i 

diphenyl 10.07 ·9.89' 9.8~ 175 115 175 . -

a1;; o--tolyl :. 9.19 9.04 8.98 139- 139- 139-
140 140 140 

di p-tolyl 8.97 8.77 8.98 141.5- 142- 142-
142.5 142.5 143 



REACTIONS .Q! TRIAZANES. 
Thiazanes·and Oxalic Acid. ___,........,ii,,,i,,i,,,i ....... -

OXalic aeld was d~ydrated by beating to about_ 110° 

for nee.rlJ' a ·aq With fre·quent stirring• Five grams of 

this dehydrated acid 1,vas mixed with five grams of 2-para-

tolylirnino-~par~to11i-5-hydrox:y-l., 3-tliiaeane. The mix-

ture was heated on an oil 1>ath ·for about one hour, at ap-: 

proximately the melt:tng point of the thiazaµe. 141-142°. 

The material melted.with frotl'~ing. .It c.ooled to a vi tre-

ous ma.as.· Near11 all of the product dissolved in alcohol~ 

The alcoholic solution was concentrated by sponianeous 
· evaporation. Upon addition of water, a White ·preoipi,tate 

formed. lfearly all dissolved ·1n dilute HOl. . The residue 

wpq. Yellowish and pa.sty. From the ao~d. solution, lffl40Jr 

gave a pinkish precipitate. This was crystallized from 
. ' ' 

alcohol, yielding fine white grains whi_oh were dried on a 
- , ' ' 

porous plate. The original. thiazane, the product, and a 

mixture of the two had the same melting points 141-143°. 

Appar~ntly the fu.sion with oxalic acid had no eff eot on 

the thiaza.ne. 

Thiasane Hzdrochlorie ~-
one gram of crude 2-phenylimino-3-phenyl-6•hydroxy-

l,~-thiaze.ne was boiled for three hours with 50 c.o. HOl 

(1:1). The thiazane completely diBsolved. The solution 

was treated with 20% NaOH solution in excess, yielding a 

white precipitate. This precipitated was collected on 

filter, washed, and dried. The yield was .96 grams. The 
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original thiazane, the product, and. a mixture of the two 

had melting·po1nts between 158-160°. 

Some of the above thiazane was recrystaJ.lized from al-
. ' . -· ' . 

cohol. About five grams ( rough balance_) of same was boiled 

gently for eight hours w1_t~_100 c. <!• HOl (1:_l). After cool-

ing, the solution was neutralized with 20f& Ne.OR ·solution. . . 

The precipitate was oollectE;id, washed, dried, e.nd reorystal-
,..1 •• 

lized :from-alcohol. The yield was a.bout 4.85 grams. The 

origina;L ~h1azane. the 1>roduot, and a m~ture o_f the two 

had. m el.ting points between 173-174 °. 
Apparen~ly. boiling the thiaEane with HCl (1:1) was with-

out-appreciable effect. 

Thiarziane _and tietiw:1. Iodide. 

El.even grams of 2-phenyliin~no-3-phenyl-s..;hydroxy-l,&-. . . 

thiazan~ end 18 o.o. of methyl iodide ~ere mixed in a small 

fia.sk and allowed to stand. The mixtur_e forme,d a red paste 

after about a week. the crystals of :fihiazane seeming to 

disintegrate •. more or less. Th~ mat~rial was heated on· the 

water bath ~er a reflux for about eight hours. After 

this, it 1,vas allowed to stand another week. The red paste 
. '' ' 

... . 

seemed thicker. Vario~. solve~tQ, inclucti.ng petroleum. 

eth-er,· ether. alcohol, ohl_oroform, C9'.rb~ tetrachloride. 

and l;>ensene. were used in the ef~ort to isolate something 
which would look like a ohemio~l il:ldividuaJ.. But nothing 

\¥as recovered from these sol vents but red gummy residues • 
. · ., . . . 

So far, the product of the above reaction has not been de-

termined. 



Oxidation --2! ..! Thi azane. 

26 grains d1-phenyl-bydro,xy th1azane 
(crude~ melting point 142-3°) 

7. 5 grams Potassium permanganate. 

100 o.c. Glacial acetio•aoid~ 

31. 

11he thiazanewas dissolved 1n· mixture ~f 100 ~.c. 

H:a0 and the 100 o.o. of acetic acid. ~e permanganate was . . 

dissolved· in 100 c.c.; of HsO~ The permanganate solution 

was run slowly from a separatory funnel into the tbiazane 
solution.· The color of the liquid became brownish gre.en. 

There was a model:'ate evolution of heat. Brown precipitate 

formed •. After ·standing,· the stuff was filtered to sepa-

rate the· brown fil trat·e f'rom the dark brown residue~ The 

:e,i.trato was left standing in a beaker exposed to the air. 

The residue was treated with dilute. HaS04 dissolving 

partly. The material was filtered. The residue was cov-

ered w1 th water and left standing in a beaker eXposed to 

the air. The f:il trate was cooled with ice and poured in-

·to an excess ,of NHaOH, yielding a brownish preo:ipi tate. 

This preoipitate was collected on filter and washed. 
. . 

It was ·redissolved in H:aS0i:. and reprecipite.ted with NB40H 

twice. The base. now white with pal~ brownish tinge •. was 

dried on plate. Mel.ting point 149°; melting poi~t of ori-

ginal. sample, of thiazane 142-3°; melting point of mixtu~ 

130-140°. 

One gram of above base was covered with 20 c .. e. alco-

hol and boiled. After filtering, the filtrate was allowed 
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to evaporate spontaneously, yielding white crystals. melt-

ing point 82•8?0 • 

Another gram of the above base was digested with 20 

o.c. dilute H01. After filtering, the filtrate was treat-

ed with slight excess of lm•OB. The precipitate was dried 

on a plate; melting point 142•145°; original base i42-s0 • 

mixture 142-144°. 

Evidently, there has been secured at least ,two new 

products not the same as the original thiazane. !I!his :re-

action should be stu.died fu.rther. 



. 

:REA.OTI O!t .Q! THI,OOJ\RBAlULIDE Mm ALPHA• GAM1tA.-

DI,...CHLORAOETONE. --
4. 5 · grams Thioearbs.ni11de., 

' · · 25. 4 grams alpha., -~&-D0hloraoetone. 

· 5·50 0:~ o. Acetone. · 

The thiooarb'an1lid'e was dissol.ved in: 450 e.c. of ace'."" 

tone. · To this was added the diohl.oracetone dissol.ved 1n 

the balance :tlf the acetone. The ·light brown solution. was 

al.lowed to stm,id in a corked flask. A:ftEfr four, days, v~art-

like. light brown, .:erystal' growths appeared. After twelve 

da;vs., some small red crystals were observed growing on the 

brown warts.. '.i?he yield was about 50 grams. 

Study 5!! !!!.! Hydrochloride. 

Some ot the crystalline material was pulver1~ed. To-
ward the. last, the powder had a tendency to stick together, 

which was not apparent at first. The powder was placed in 

a desiccator. containing Haso.,. connected w1 th water suction. 

and let stand over the week end before weighing out samples 

for ana.'lysea. 

The solubility of this sample was tested in a variety 

of ways. With water,· it gave an acid solution and a cur~ 

white residue. Alcohol readily dissolved it. At first, it 

dissolved in chl.oroform, but very quickly a chalk white 

precipitate was formed. In benzene, toluene,. petroleum 

ether and ether, it was sparingly soluble. Acetone dis--

solved it more readily. 
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The melting point of the material. drie~ in the desic-

cator was determined: darkened from 155° on; blackened at 

185°; comp;etely_ :fused to _.a black ;1gu1d at 187°. Some 

of the precipitate settling out- of the.chloroform iaolution 
. . ' . . . . . 

was washed w1 th chloroform and dried on a 1>late. Its melt-. . . . ,· ·, ' -
ing point. was determined: darkened about 150°; blackened 

. ' ' . 

about 1eo0 ; completely fused to a blaok•1iquid at 186-187°. 
' 

A samp1e of _the original wart like. formation was soaked in 

acetone :for several days, washed with acetone. crystalliz-. . ' 

ed :from. alcohol. again washed with acetone. Thie sample 

darkened about 160~170°; fused at 188-190.50. some of the 

material dried in the desiccator was crystallized from 

benzene and washed with acetone. It darkened around 185-

1900 and melted at 195-196°. the highest melting point 

that was obtained fo:i- this product. 

This data on melting points. the results of solubili-

ty te~ts, and the method of formation all point to _these. 

wart-like deposits being a hydrochloride of a base. 

Amount !!.Q! !h!, Hydrochloride. 
Some of tbis hydrochloride.was suspended in water.end 

its acidity.determined.by running in a measured amount of . . 
NaOH eo_lution and ti trati_ng 'back with Ha SO• solution. Two 

sets of determinations were ma.de, one with methyl red as 

an ind~cator, the other with phenolphthalein. With me-
. ' 

thyl _red, the percentage of H0l was found to be 12._22i 

and 11.62%, average 11.921'. \Vith phenolphthalein, the 
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percentage of HOl was found to be·;t.2.16% and 12.35%,. aver-

.• . ·, : . . . ' : . . 
. age 12,- 26%. The average of the two sets qf results is 

,.,_ ·12.21%. 
' 1 . 

Sample_ 

!taSO.., 

X 

-

Phenolphthalein . .!! Indicator_: 

(1) 

14.6'109 

13.8216 

.8493 
t ... 

30., o.c. 30.3 c.c. 30.5 ~.c,. 
1. • • • . 

.a cc. 
,.. '. 

(2} 

13 •. 8~16 

13.498'1 

.3229 

. 1· O•?• llaSO• • 2-.09 o.c. NaOH. 

.s 
2.09 -
1.67 

30. 

·1.6'1 
· ......... . 

28.~3 

Ba.OH ,,a .• 1 N. 

.• 9 1 

2.09 ·2;09 ___,,_ ~-·. 

l.8E3 . 2.09 

Z0.3 .30.5 

1 .. 88 2.09 

~8.42 28.21 

.e'.5 ._ ..... ) 

2.09· 

1.78 

12.65 

1.78 

10.87 

11.01 

2 \ 21.88 

1 

2~09 -
2.09 

15~1 
2.09 

11.01 

.2-8.42 

28.21 

3 I 84. 96 

28.i32 

10.94 ~verage. 

{l) 28.32 x .l X 36.46 X 100 ·• la 16:.i, BOl · .8493 x l000 - • "P. -

(2 ) 10.94 X .1 X 36.46 X 100 ,12 3.51'. H .. OJ.. . . .3229 . - • ,o 
. 2 1 24.51 

12. 26 average. 



With MethYl 1!!! !:! Indicator; 

(1) 

16.1280 

15.45'10 

Sample .6710 

.NaOH used 50. c.c. 
RaS04 used 13.6 o.c. 

(2) 

· 15.4570 

14.8174 

.6396 

50. c.c.· 
14.6 c.o. 

l e.c. H.2S04. 2.06.c.o. NaOR 

N&OR • .1023 N .. 

X 

13.6 

a.06 

28.02 

50 

- 28.02 

21.98 

14.6 
2.06 

30.08 

50 

30.08 

19.92 

(-l) 21. 98 X .1023 X 36.46 X 100 l"' ,,21'.. .6?f0 X foOO O . 

, 2 ) 19.92 x :ig~~ r&a6 x 100 _ 11_62% 
2123.84 

36. 

il.9.2% average. 
Chlorine,!!! the Hydrochloride. 

The amount of chlorine in the hydrochloride was deter-
. 15 

mined by the liquid ammonia _method • Two sets of aiialyses 

are given. The first set gave chlorine 23.56% and 23.29%, 
15Dains and Brewster, J. A. c. s. •. 1573 

(1920). 
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average 23.48%· The second set gave ch"lorine 20.26i and 
20.40%, average 20.33%. The average of the two sets is 
chlorine 21.91%. 

First~ 
(1) (2) (:B) 

11.5689 4.8106 

11.2523 4.51118 
Sa.mpla , ,,,. .3066 .2928 0 

Ppt. + Gooch .. 15.4256 15.6324 16.8026 J 

Gooch 15.1328 15.3530 l.6.7988 

Precipitate .2958 • 2794 '~0038 

Deduct for blank .0038 .0038 

A.gOl .2920 .• 2756 

Factor for Ola in AgOl • .24738. 

(:l ).·. • 2920 X • 24738 X 100 .23 56% 
· .5066 • • 

{ 2 ) • 2756 X • 24738 X 100 111 23. 2~'11 • 2928 !:fO 
2 l 46.85 

Average 

Second .§.tl. 

(1) (2) (13) 
15.7537 15.3589 

15.3589 14.6734 
Sample .,3948 .6855 0 



i>pt. + ,Gooch 15.4032 16.6765 ' 

_Gooch . 15.0648 16.0961 

Precipitate . .3384 .5804 

Deduct for blank .0151 .0151 

AgOl .3233 ..• 5653 

Factor -for Ola in AgCl • .24738. 

(1 ) .3233 X .24738 X 100 · 20 26d'l. 
.!§48 - • 70 

( 2.) .5653 X ::::18 X 100 __ ~-- 20 .• 40~ 

2 r 40.0&% 

Average 20.33$ 

15.5264 

15.5113 

.0151 

Hydrochloride· Continues ,!2 Lose -Weight 

.2!! Beating •. 

It was thought that the variation in the above analy-

ses for ohlorine·in the hydrochloride_might be due to sam-

ples not being dried to the same extent, eo a weighing bot-

tle. filled with the hydrochloride, was p~aced in a d~ying 
0 oven at 60-60. Weight was continually lost throughout 

J •• ' 

the time of observation. ti.venty-seven dayij as shown below 

in tabular form. Hence, it was concluded that the differ-
.. 

enoe in the two analyses was probably due to differences 

in degree of purity or cheng&$ in composition on standing. 

The two samples were not tbe same to start with. 



Chal'iges ,!!! Weight 2!., Rzdrochioride 
0 When Dried at 50 - 60 •.. ------- -

Date Weight of Bott1e 
and Sample.-

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 

12/31/23 12.3784 

1/1/24 12.3594 

1/2/24 12.3524 

1/3/24 12.f436·. 
' 

1/4/24 12.3367 

1/5/24 12~5339 

1/7/24 12.3271 
' 

1/8/24 12.3240 

The nitrogen in the hydrochloride was determined by 

the Gunning method: found 8.l7j& and 8.,16~. average 8'!16%4! 



Sample 

HeS04USed 

BBOR used 

'(1) {2) 

17.2212 16.,6780 

16.6780 16.1280. 

.5432 .5432 

30.2 o.c., 30.,6_ o.c. 
30.5 31. 

1 o.o.- RaSO• • .210'1 J.IT. 

. / ' 

~0 •. 0. .-. 14.· _a1 31 1s · os -~- . 
30.2 30.6 

-- 14.81 15.05 

15.39 15.55 

40 •. 

. {:B) 

0 

30.l o. c. 
61.3 

30.l 

29.76 

.34 

Deduct for blank .34 .34 

15.05 15.21 

Cl) 15.05 x .2107 x·J.4 x 100 8 1712,,, 
• 5432 X l000 a • up 

( 2 ) 1s.21 x .-2101 x 14 x· 100 . 1-58,,, 
.6600 X 1000 . · • 8. ""/0 

' . 
!l!ook a small quantity of the hydrochloride and treated 

. . . 
with water. A white curdy residue and a yellow dense ~1-

quid layer separated under the water. The yellow liquid 

layer disappeared on stirring. After standing, the residue 

was collected on a filter and washed. After drying, an ef-
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fort was. ma.de to detel'llline the melting point;. darkened at 

10°; softened with apparent decomposition at 80-85°; oom-
menoed tofu.seat 1io0 ; completely.fused to a brown liquid 

at 116°. 

The filtrate trom above was treated with an> excess of 

tm .. OH. the white_pre~ipita.te being eo11ected and-washed. 

After drying, ~he e:tforte to get. a.me1ting. point resulted 

about the same as the preeeeding: .darkened, 608 ; softened, 
. -~ . ' 

70-75°; commenced to fuse, 90-95<>; completely fused to am-

ber 11 quid, 111° .•.. · 

The rest of the hydrochloride was dissolved in dilute 

HCl, except a small residue which -was separated by filter-

ing. The fil.trate w_as poured into ice cold mz.,oH in ex-

oess. ~he precipitate was collected, washed and dried; 

melting point-95-100°. ·This bas_e was purified by orysta.1-

li~ation from gasoline, melting point 147°; from acetone. 

melting point 148°; from. gasoline• me1 ting point 150°; from 

benzene, followed by \Vashing with ace'f?.one, m~lting point 

150-151°. Another sample· was purified by su~cessive cry-

stallization from acetone: melting p,oints, 147; 149-150°; 

150-151°; 151-152°; 152°. 
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Nitrogen in the !!!.!• 
The nitrogen in the base was determined by the Gun-

ning method: 

(1) (2) (B) 

15.7215 15.2828 

15.2828 14.7579 
Semple .4387 .5249 ·._o 
RaSO• used 25 o.e. 20 e.e. 25 o.o. 

49.9 NaOR used·. ( Sucked be.ck) 16.6 

1 o~c. HaSO• = 2.Q4 o.c. Na.OH 

Deduct for blank 

(l) Lost. 

16• 5 a oaa _i9_0: .• 24.46 2.04 = •· 

25 

8.09 

16.91 

.54 

16.37 

25 

24.46 

( 2 ) 16.37 X .2107 X 14 X 100. g ·204 ~6249 X 1600 • • 7'I 

A Possible Formula for the Base. - ........................ ------- - - -
If we suppose that the dichloracetone and thioca.r-

be.nilide reaot w1 th the loss of a mole of water and a mole 
of HCl according to the scheme: 



Cl 
t 

H-C-H 
' 0 • 0 
f 

R - 0 - H 
I 
01 
Tl 
Cl 
I 

R•C-R 
\ 
C•O-B+ll-
H 

H ... Q,. 
I 
Cl 

"Ii ... N' · ... Oe~s 
I 

S • 0 
. I 

H •·N - OeHs 

lt 
·01 

I 
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R - N - OeHs ·H - 0 - lI 
·I • I 

S - 0 0 - B OeHs 
II' I I 
N - Celis H - 0 0 • N - OeHs ' / s 

. __ This cocipou.n.i. w.ould be called 2"'.'pherql.-i,mino-3-phenyl-

4-chloromethyl-thiazolin. It ·would Jiave the einpirioal for-. . •·· . 

mula 02.eH1alh801 end its hydrochloride would have the em-

pirical formu1a O:a;eH • ..,NaSOla. 

If these formulae a.re co;rrect. the theoretical a.mount 

of N in the hydrochloride would be· ·e.315t There was actual-
ly found ·a.16%. The theoretical ·amount of N in the base 

waa.ld be 9.32%. There was aotua:ui found 9.20%. ~he amount 
of chlorine in the ~ydrochloridewould be 21.07%. The av-
erage of the amounts. found was 21. 9li. The theoretical am-

ount of HOl .in the hy~roohlori_de would :b~ 19.a3$&. The aver-
age of all. the amounts :round was 12.21%~ 35.5/36.5 of 10.83 

• 10.53i. the theoretical amount of:'chloriiie in the hJdro-

chl.oride due to the HCl 35.15/36.5 of 12.21 • 11:a7~ the 

amount of chl.orine in the hydrochloride · due to the B'.Ol as 

calculated from the actual measurements. 
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21.07· ... 10.53~ • l0.;54%, the theoretical .amount of chlorine 

in.the hydrochloride riot due to·theBOl. 21~91 -11.87:'= 

-·10.-04%, the amount of chlorine in the hydrochloride as ·cai-
' oulated :from· the actual measurements. All. this- may be re-

presented in tabular form as follows: 

Bydrochlor1de· Base 
, ·' ., ., .. .... -

Theory.· 8.319' 9 324 • • .1/0 

Nitrogen 
Found. 8.16% ,9.20% 

·1!b.·eory 21.07%' 
Total. Cl. 

21.91.fo ,Found ' 

Theory 10.a~ 
HCl 

12.21~ Found. 
::,, 

:Theory 10.63% 
.. 

' 
Cl 1n·nc1-·· .·.· 

Found llJS'lj ., 
'-· 

: 

Theory 10.54<}& -· 

01 not iii 
10.049' HOl Found -: ... , 

. . 

!alus,. it will be. seen that while· the flgo.res relating 

to nitrogen point fairly to the formula proposed; the cal.;.. 
' . ' . ' . 

oulations and results. concerning chlorine are not so con-

clusive. Fllrth~r work · on oomposi tion. molecular weight, 

and reactions to show constitution will be necessary be-

fore . accepting or rej;eoting the proposed formula. 

It might also be mentioned that the original r~ason 

for studying this reaction was the possibility of getting 

a thiaz4Ue derivative which would be identical with a pro-
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duct theoretically :possible as a result of oxidising the 

di-phenil-hydroxy thiazane- So far, the.results of the 

two sets of work do not point toward such a theoretical 

ooinci dance. 

Theoretical. support for the; abo-t.e proposed formula. 

:.-.,1 is ·found in the work of !fraumannl6., Be made diphenyl-

. im:tdo-methyl-thiazolin from di-phenyl~thiourea. and mono-
.. 

chlor-aeetone. For. the product of th1$ :reaotio~. he de-

veloped the formula: 

- N - OeRts 
I 
C=B"!" ,. / ... s . 

OeHs 

.- ._ ... ;.... ... , 

It 1s not y6t clear~· however, .whether we should or. 
• ' •' • ' I • • 

•· • r• 

did get a oomp~und corresponding to. ~he formula proposed.-

or its isomer 

ORaOl I -. . 
0 - .N °'!' Cells 
II I n·.;. C O = N - Ce_lI& ' / s 

·R 0 ~; -N .;;,_ Celis 
. II I 

OlHaO ...,. 0 O.• N "."' OeHs ' /' . s 

16 A •. 249·,. 51 (1888) 



REAOTiVITY .9.!: VARIOUS ALKYL BROMIDES 
. i 

WI.TH DI t~RE!IYL THIOUREA. 
---~1 '' 

. I - . - -
In the hope that light might be thrown on the ·probable 

. . , I . . 
' I - - -i~omer pro~uced in the 3te_a.ot~on between thi,ocarbe.ni~ide and 

diohloraoetone. a study kas made of ·the reactinty of vari-

ous al.1<$1 bromide~ with. ~hioosrbanilid~. . This was done t~ 
i 

determine, if possible, whieh type of alky1 ·bromide reacted 

most readily wi~· the -~ gr.onp in ~" of the teutomeria 

forms of diphenyl thtoux/ea~ _ 

Earlier work17 as k~11 as more -~eoent. work done in this 

laboratory:i:-8 ~as shown (th~t a cha.racteristie reaction- of the 
- I 

substituted thi oureas 1\s their ability to add directly alkyl 
. ' i . 

! 

halides, aocording to t~e type reaoti on 
. . 

R'Imosmm• 1 RX 1111. R'.NRC( SR}NR' It BX . . ·-

From the halogen halide salts, thus formed, the action of 

alkalies sets free the thiourea ethers_. 

It is obvious that·the. hydrogen halide, formed in this 
. . 

reaction, should form a s_al t with the ~ka.l~- If this salt 
1701aus, !er. 7. 235 (1874) and 8, 41 (1875); 

:Bernthsen and lCl.in-ger,. J3er. ll.7 ·492 · (1878 : 
and 12, ~74 (1879); :Sernths_en and Friese. 
:Ser.-rs, 566 (1882); Vlill, Ber 14. 1485 (1881) 
and 1"5'; 338 (~882); •Rathke, ::Ber:-14, 1774 
(l88IT; Evers, Ber • .&!,, 962 (1888T."' 

18nains and Thompson, Kansas University Science 
Bulletin !!., 117 (1922) 
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is extraoted from other things with water. the. measure of 

the amount of halide in this aqu~ous solution should give 

a measure of the amount of thiourea and alkyl hal.ide reac-

ting. 

In oa.rryi~g out this work in the laboratory. the reac-

tions were al1owed to take place in a three necked flask. 

In the central. one of ~hese necks. there was inserted a wa-

ter condenser 11 in the top of which there was inserted a. 

small bore tube- to eet'Ve aa an air condenser. ea.ch conden-
.- . 

ser being abo:ut_ a yard long. In a second one of the necks 

was inserted a short-stemmed thermometer~ the bulb of which 

could reach into any solution in the flask,. In the third 

neck was inserted a. 10 c.c. pipette, the inner enci of. which 
' . 

could dip into any so1ution in the flask, the outer end be-

ing closed with a short piece of rubber _tubing _and a clamp. 

All insertions were made through tight fitting corks. 

All the reactions studied in-·this set of ·experiments 

have been carried out in acetone solution. The calculated 
' . 

weight of tbiocarbanilide was introduced into the fiask. 

Ab011t three fourths. of. the appropriate volume of acetone 

was added. The ·connections were properl7 ad-justed and the 

flask immersed ;tn a·water bath. The temperature of this 

bath was kept between 65 and 70b. su.f'fioi ent to keep the so-

lution inside the flask at its boiling point,. When the so-
.. , 

lution of thiocarbe.nilide 1n acetone began to boil• five o • 
. ... 

o .• of the alkyl bromide dissolved in about ha.1f of the re-
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mainder of· the aoetone was carefully poured in through the 

water condenser, and. washed down with the balance of' the 

acetone. 

From time to time, 10 c.e. portions of the solution 

were drawn out sn.d run into flasks containing 10 c.o. of 

saturated NatI00s solution and 10 c.c •. of water. After tho-

rough she.king, the aqueous solution was poured. through a 
. . . 

filt·er and the _precipitated mate~al. w·ashed· on. the filter. 

Washings and. f11~rate. amounted to pra.ctloally 10.0 c.c. in 

each case.. Ten c •. o. of HN0a solution and 5 c. c. of :ferric 

ammonium alum ~elution were added. A measured volume of 

Ag?fOa · solution was run in .•. enough·, to be 1n slight excess. 

This mixture was then titrated with XCllS until the red end • 
point was reached. 

Preparation and Pu.rification ,2! Reagents. 
·Acetone•• a good grade from general stock. was purified 

by allo-ning to · stand several days over sticks of Na0H, decant-

ing off. the acetone lqer, and disti111ng from the flask con-

taining a sticlt of Nao~ .. using.a fractionating column, col-

lecting that portion bo~ling between ·55 and 57°. This was 

redistill$d, age.in collecting the fraction bo111ng between 
66 · and 67°. 

Thiooarbanilide was prepared by mixing equa1 weights 
I . . ' 

(500 grams) of dena.tur.ed a1cohol,. c:arbon _bisulfide, and 

freshly. redietilled .aniline. After two weeks standing in 
,' . 

~ask with air condenser.at room ~emperature, the -~rystals 
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·-of th1oca.r·bani11de had formed abµndantly. ·. The mother li-

quor ws.s filtered at pump. A~er ·draining,, the crystals 

•were successively washed with alcohol, dilute RCl, more al-

oohol. .The product_ was tho.rQµghly drained and _dried-. It;- · 
0 melted .. at 153 •. 

Allg;l bromi-des •. except the t.e~tia.~ btttyl. bromide, were 

·· made by students. according to ·the sodium· bromide - sulfuric 

·'aeicl method , described in . n Organic . Syntheses" by Roger .A{4ams 

. et el. (111iey ,:' New York, 1921)_ -VQl. •. I, page 6. The_ ~cohols 

u.sed were as f' ollows: 

-Ethy-1 - 95% denatured from ge-

neral stock. 

n-~ropyl - Eastman Kodak Oo; 
iso-Propyl - . , " 

n - But;rl_ - · ·n 

iso-Butyl - n 

" ff 

" n 

n 

eeo-Butyl- -~ Standard 011 · Oo. 

ter-Butyl alcohol was not used, the · ter-:eutyl Bromide bei_ng 

· obtained from the Eastman. Kodak Company.,· 

The various alkyl·bromides were purifie~ by successive 

washing with water,. cold concentrated Heso ... and NasC02 so-

lution. . They were then separated a.s completely as possible 
. . 

from ·the ·aqueous lqer,. and dried by standing. over night 

with anhydrous calcium ohloride. ·The ha.11des were then re-

peatedly · distilled, using a fractionating column· for· the 
. . 

lower boiling samples.but omitting.it with the higher boil-· 

ing samples. Fractions were finally reserved which boiled 
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within one degree. above ·or ··bel~ the followi~g · tenipe:ratures 

_selected from Beilstein: --

Ethyl"L bromide - 38. 57 

n' Propyl bromide ..:.. V0.82 

_. iso Propyl bromide .... 60.00 
.. ' ,. ··•. 

n_:Putyl• ·bromide . ..;,, -99.88 

•-i~o _Bu.tyi· bromide--· ·92~33 

s.e~ l3utyl _ ·bromide-~ 9iJso 
>ter Butyl bromide - 7~~00 

stande.rdisati-on .!! So1utions Used in Titration,_ was 
. .. . •. .. . . 

~f:feote·d by fi'rst-;mald.ng· a '.gravimetric: cietf:>rmination of .the 
·.: '· ,.' - ... · -··- ,, •. ; . . 

amount of- br~_1111ne ·in a, potassium. b·romtde:,solution. precipi-

tating the bromine as~ ~13:ver bromide~ ~hi's XBr sol.ution was 

found .to.be ~00929· N.: -The Ag$0a solution was ~hen titrated 

against the XBr soluti_on by t~ohr'.s method.- ·using XaorO. ~B 

an .indicator 1n·neutral solution.- This AgllOa solution was 

~ound to be .09775 N. The XClfS ·solution was then titrated 

against the_ AglfOs solution by Vol~:rd's metliod us1ng· ferric 

ammonium alum. as au indicato:r' 1n: mroa solution. This -KONS .. ·- :.·,· ' . . 

, . , 

. teat,a, for. halogens · according :to the· Volharcr ,1nethod using 

the above standa~dized solutions. This Na.ROOa solution . ' . . . . , 

was .found to -be .0001965,.N ~or halogens. The XQ!iS being 

.10~4 N, 1 o.c. is.equal to .00964 grams H:Br. 

'.!, IUank ,2!! -AgNOa· and !2!!§. .. 

_ A miXture was made of 10 c.c. Rao, 10 o.c. Na.ROOa _ so-



1ut$.on·~; and 5 c.o._ :ferric ammonium alum..- Iµ this· solution., 
.. ,._ . . • . t . -~ 

the AgN5>a· :was ti tra.ted ag~inst : the XONS! 

" 

AgNOa 

. . . . ' 

2 7 ...... 26 ¢ l o. c~ . · 
.·. i. 

KOHS 

25. • ·24.,6 !-9 ~,c, 
26~4 - 25.,5 » .-9 ·o.o. . . •. ' 

Average. l. o.,_c,.. AgNOs .. ,, 9 q. ~• l{ClNS~ 

. A ·Blank ori. Th1ooarbanilide and Acetone •. 
. ••.•-i-- .. - ··, -~----- -------- . 

. ' 

.. -Substance Den- ·10. No • .., :M9le _ Fra.cti ~ll~ sity c.c. (}ran.is 
.. , ,, 

Th1oca:rbanil1de 228 4.56 :02 
'' 

, ," I • • • 

' 
" 

2000 gms~ per, 
~cetone 58 .• 792 so.s 40. mole o'f thio-

-oarlla.n1lide. 
" 

' 

c.;o .. of -C~ o. o.o. Ag'NOs Dif~ in, Equal. 
Time Temp. Mixture AgNOa XCNS -• o.c.xoNs to _grns. 

Wd. Used. Used 'KONS BBr-
. ' 

2-:10# ,68° 
. ,,,. 

10:· ·• ·•1.- .• 6 .,9 .3 .,02s, 
2:40 58° io l •. 7 ,.,9 ~2 •. 0193 

' 

3:10 _. 68~ 10 l. .5 .9 .0386 . s·, .-9 31, •. 0868 

: • 3 .- ; I ~02sg . ,, ' 



·. 
on:the average.·10 o.c. acetone and thioca:tbo.nilide con-

- .. ., 

ta.in the equivalent of' ~0289 gram HBr and show a differ-
- ,, r 

-val ent _- of' the AgNOa used. 
' . . .. 

·- . 
· Ethll .Bromide and_ Thiocarbanilid~ 

Substance t~ol, Den- B.o. No •. Mol.e Fraction. wt. sity c.a • Grams .. 

Ethyl 109 1.45 5. 7.2.5 .06651 Bromide· 
..... 

Thiooar- 228 15.16 .06G51 banilide ./·: ... .. 

Acetone 58 ·~792 167.9 133. 
2000 grams "per mole 
of Ethyl Bromide or 
Thi ocarbe.uilide. 

No:rmal-Propyl Bromide and Thio-carbanilide: 

Substance- Mol, Den~ wt. sity 

n-Propyl 125 1.353 Bromide .-

Thiocar- 228 banilide 

Aoetone 58 · .792 

Bo. No. c.c. Grams 

6. 6.765 

12.64 

138.8 no. 

1 See page 53. 
8 S ee · page 54. 

Mole Fraoti on. 

.065 

.055 

2000 gms. per mole 
of Propyl bromide 
or Thiocarbanilide 



.Ethll Bromide !!!S!, Thiooarbanilid~.:a. 

' After trax. Gms. 
c.o .. of o.o. c.c. AgWOs Dit. Deduct- Equal. HBr pos- ' Time Temp. Mixture HgNOa KONS . Q· in oo. ing .3 to Gma. Bible if % Actually 

Deg~. ,Used 41 . Used. Used KON$ • KCNS. CO.for HB.r Reaction Reacted~ 
Blank. complete 

1:601 58116 
.. 

· 1 ::55 59. 10 5 4.,2 1: .. 5 .3 o. 0 .3206 o·· . ' 

2:01· 60 10 6 3.,'85 4.5 .65 ·• . •. 35 .00337 .-3206 1.05 
. . ·. 

2:10 69. 10- . 5:· 3.5 4.,5 1. ' 7 •. .00675 .3206 2.11 
. ' 

'2:20 59.,5 10 6 3.15 4.5 1 •. 35 1.05 .01002 •. 5206 3.13 .. 

2:40 59 10 5 2 •. 6 4.,6· 1.9 1.,6 ,..01642 .3206 4 •. 81 

3;19 58.,5 10 .... 5 1.e 4.5 2.7 2.4 .02314 .3206 7.22 

3:50 58. 10? 5 1.0 4 •. 5 3.5 5.2 •. 03085 .3206 9.62 

4:25 57.5 10 5 •. 4 4 •. 5 4.1 3.8 .03663 .3206 ll.43 

4:40 68. 10 6 .2 4.6· 4.3 4.0 .03866 .3206 12 •. oe 

6:00 67. 10 5 •. 05 4.5 4.45 4.15 •. 04001 .• 3206 12.48 

#started. 
m • 

:a.see •" 1" Page 62. 



Time Temp. 
Deg. 

2:-0a# 

2:13. 58 

_> 2:19 58+ 

2t28 58 

.2:ZS 68+ 

3:08 . 58-

3:38 57,_, 

4:08 67 

4::38 57 

Norma.l-ProJ'2l! Bromide i'hj.oc~l.'_l>a.m,lJclt:t. 2 

o.o~ o. c •. -
Mixture AgNOs 

Wd. Used. 

10 5 

10+ 6 

10 6 

'. 10 " ;5 

· 10 5 

10 5 

10 5 

10- 6 

After 
:,. o. AgNOa Dif• Deduct-
KCUS = in oo. ing .3 
Used KC.NS~ XO!iS. c. c. for 

'.Blank. 
,, 

f .', 
., ' 

2.6 4.6 GI l.9 1.6 

1·.6· 4.5 2,9 2.6 

1.4 4.5 3.1 2.8 

.95 . 4.5 3.55 3.,25 

.35 4.6 4 .. 15 3.85 

,.25 4.5 4.25 3,.95 

.16 4.5 4.35 4.05 

.05 4.5 4.46 . 4.16 

~see ~a" Page 52. 
#started. 

1iax. Gms. 
Equal HBr pos-
to .Gms. Sible if 
- HB:r .Reaction 

Complete 

-1 

,016.42 .• 3207 

.02506 -.3207 
,, ' 

.02709 ,3207 

.. 03133 .3207 

.03711 ,3207 

.03808 .5207 

.03904 .3207 

.04001 .,3207 

% ActuaJ.ly 
Reacted 

' 

4.81 

7.82 

8,45 

9,77 

11,57 
11-.87 -

12.15 
12.48 

01 
if:,,, • 



Is~Propyl.. Bromide and· Thiocarbanilide~ 

Mo1. Den- No •. No. J.Io1e. Fraction.'· ; '. 

Substance wt. sity O .. f.l. Grams: 
'. ,. ~:/' . . 

iso~Propyl 123 1.31. 6. 6.55 ..05325 
Bromide. 

,·, 

Thiooar- 228'. 12.14 .05325. banilide~ 
. ' .. ' ' ' . 

., .· 
·./. 

.. 2000 gms.per mol.e of 
Acetone 58 .792 13t.5 ·10&.5~:- Propyl bromide or 

Thiocarbanil:tde. 

Normal ::auty1 Bromide ,!!!!_- Thiocarbanilide. 2 

Substance Mol.. Den~ No. .N'O• wt. SitJ o.o~ Grems · 

n-Butyl 137 .1.3 ·. 5. 6.5. .047~5. Bromide 

Th:i.ooe.r- 228 10.82 .,94745 banilide 
' 

Acetone 119~8 94.89 
2000 gms,.; per mole 

58 • '192 of l3Uty1·Bromide or 
fhiooarbanilide 

' 



Iso-Prom. Bromide !Q.! Thiocarba.nilidef 

... 

After o~o. of a.a •. o-.o. AgNO Di:t. Deduct-· :B;qua1··:· .. 3 
Time Temp. Mixture Ag!iOs KONS = in oo. ing .3 to Gms. 

Deg. Wd. Used. Used KONS. KONS\ o.o.for RBr- . 
.. •· Blank 

9:351 .. 
9:40 '58 10 6.5 4.8 5.85 1.05 • '15 • 00783 

·, . . ; 

9:45 68 10 5. 3.2 4.5 1.3 .1.0, . .00964 .. 
9:55 58 ·10 5 3 .. 2 

'. 

4.5 1.3 l.Q . - .00.964 
-10:os: 58 10 5 .3.3 4.5 1 •. 2 0.9, .00868 

10,:35 58 10- 6 3.2 4.5 1.3 1.0 • .00964= 

11:35 58 10 5 3.2 4.5 1.3 :i.o .00964 

;a.See Page 55 "2." •. · 
I started. 

..._ .. 
Max. Gms~ :-HBr.pos~-

-~ Actua111 Sible 11' 
Reaction Rea.oted. 
complete ' -: . . . 

;,: 

-.3203 - 2.26 

.3208 : 3.01 

.3208 3.01 

.32,03 2.71 

.3203 3.01. 

~-3203 ; 3.0i 

' ' ' 

, ' 

01 

• 



~ime Temp. 
Deg •. 

1:55# · 60 

.2:00 60 
'2:05 '60 

. . •·. 

2:15 . 60. 

2:25' 60 

2':56' .58 

3:25 68 

3:55 58 

4:25 58 

4:55 57 

Normai Butyl Bromide 5! ~hiooarbanilide.• 

After !.tax. Gms• c.o. of o.o. c.o. AgNOa Dif. Deduct- Eque.l_ HB:r-pos~ 
Mixture Ag?JOa xolrn = in eo. :1n:g .3 to ·Gms. sible if' . Wd Used· Used XONS XONS c. c •. for ·-. HBr lleactfon 

' 
: C<>mplete -

.. 

' '' ' ' ' 

' 

' '. 10 .5 4.1 4.5 .4 l .. ' 
.0009G· ~3·205 

10·. 5 4. 4.5 .5 ' .2 .00193 ,· ·.3205 

, -10;... 6 ·3.9 4.5 -- .6 • 3 .00289 .3205' 

. 10 ·5 5.65 4.5 .85 .55 .00630 .5205 

10 5 3.25 4~5 1.25 .95 .00916 .3206 

10 5 2 •. 85 4.5 1,65 1.35 . • 01301 .3205 
, ' 

' ' .01832 .,3205 10• s 2.3 4~6 2.2 1.9 

,10 .5 1.9 4.5 2.6 2.3 • 0221 '1 .5205 . 

10 6 1.6 4.6 · 2.9 2.& .02506- .3205 

*sta~ted. . 
1 See "2'1 page 55. 

'lo ActuallJ" 
Reaotea. 

30 '--~-- ,' 

,,,. 
.60· 
.·., :.;_ 

:', ;_: _ .. ·_·: . 
.·90· . 

l.65 .-

2.86-

4.15' 

5.72 

6.92 

'1.82 

'' 

tri. 
-.;a' .. , 



58 .• 
Iso-i3u.1:,yl Bromide ,m Thiooarbanilide.1 

Substance :Mol. Den- No. Uo .. }lol. Fraction. wt. s1t7 o.c. Grams 

Iso-Bu.tyl 137 1.26. .-5. 6.3 .046 
·Bromide 
. 
Thiooar- 228 10:49 .046 banilidt! 

·-

Acetone 68 .792 ·11a.2 92. 
:2000 .. grains per mole 
of Butyl Bromide or 

' Thiooarbanilide. 
.. -

1 see Page 59. ,_ . .:. . . . a ~econdary Butyl Bromide . .!11! Thiocarbanilide • 

. ' 

Substance Mol. Den- .No. No. 1101. Fraction., rtt. Sity c.o. Grams 

sec Butyl 13'1 1.25 5. 6.25 .0456 ·Bromide. 

Thiooar- 228 L0.4 .0456 banilide. 

Acetone 58 .792 115.15 
2000 grams per mole of 

91. 2 Butyl Bromide or ~hio-
' carbanilide. 



o.o. of 
Time Temp. ?.fixture 

Deg. Wd. 

1:46# 60 

1:51' 60 10 

1:56 . 60 10 

2:Q6 69 10 

-2:16 59 10+ 

2:46-,. 69 10 

3:16 ·sa 10+ 

Ieo-Eutyl Bromide and Thiooa.rbanilide.~ 

After a.a. o.c. Ag110a Dif. Deduct- Equal 
Agl(Oa XOlfS D in oo. ing .3 to Gms. 
Used Used XONS xorrs. o.c.for lIBr 

Blank. 

5 2 •. 7 4.5 1..8 1.6 .01446 

6 2.36 4.5· 2.15 1.85 .01834. 

5 2.6 4.5 ·1.9 1.6 .01542 
. 

5 2.55 4.5 1~95 l.65 .01591 

5 2.6 4.5 2 •. 1.7 .01639 

5 2.6 4.5 1.9 ·l.6 .91542 
, . 

#started. 
:a.see "i." Page 68. __ 

Max. Gms. 
HBr_pos-
Sible if 
Beaction 
Complete 

.. 

•. 3204 

..3204 

.3204, 

.3204 j 

.• 3204 

.3294 

Actually 
Reacted 

4.61 

6 •. 73 

4.81, 
-4. 9'1 

5.12 
.•· 4.81 

"1 

'° • 



Time Temp. 
Deg. 

1:58# 58 

2:03 60. 

2:08 60 
2:18 60 

2:28 60 

2:58 "60 

Secondarz Butyl Bromide ~-Thiooarb~lid~. 2. 

After . ' 

Max. Gms. o.o. of o.o. o.o. AgliOa . Dif •. Deduct- -Equal . HBr Poe• 
Mixture AglJOa KC.NS = in co • ing .3 to Gms. sible if 

Wd. used Used XO.NS XONS cc. for HBr Reaction. 
Blank Oomplete 

' . 

10 5 3.8 4~5 .7 .4- .00386 . .3203 

10 6 3.6 4.5 ,.9' .• 6 .00578 :.3203 

10 5 3.&·· 4.5· .9 • 6 •. 00578 .3203 . 

.10 5 3.7 4io5· .8· ·• 5 .00482 '.3203' 

.. 10 5 3.,7 4.5 .s • 5 .00482 . -.3203" 

I . Started. . 
•see· 1':.:'' Page 58 • 

r--

1, Actuali7 
Reacted 

I 

1,21 

·1.a1 

.1.81 -
1,51 • 

1·51 . .•.. . 

Ol 
0 • 



61. · 

· -Tertiar1 But;yl .Bromide and Thi ocarbaniiide. 

' .. 

Sub.stance Mol, · Den- N'O.--· lio •. Mol. Fraction. .. . . \Vt. sitJ o.o • Grams 
',. . . 

,. . ' 

Ter .!utyl 
Bromide .. 137 1.19 6. 5.95 .04343 

.. ,., .. ' . . .. 
Thioear- 228 109.67 9.9 ~04343 banilide 

' '. i 

. . ' .. ... 2000 grams p·er mole . . 

86~86 Acetone 58 .792 109.67 of, But,l Bromide or. 
Thi ooarbanil id e. 

?· . 
1 see Page 62. 

Comparison of the Rea.cti.~ities o:f 'th~ Various 
• . ~- . . . .. -~--~ ·. . ' '! ' - -- ; 

Ulql. B:tomides ·with Thiocarbe.ni1ide·. . :~ 
'_T..·,. 

lt would. be very unsafe to ~e any "tatements of a 

quantit~tive nature i-ega.rding these reactions wfthout more 
. - .. ,. ··•· . - .... ' . 

extensive study. ' one. may. however, note the following 

facts. {see Page 63). 



Time Temp. 
Deg. 

8:41~ ·68 

8:46 :59 

8:51. ;60 

9:01 :60 

9:11 69 

9:41 58 
I 

10:11 68 

Tertiarz Butyl Bromide!:¼! Thiocarbanilide1 • 

After tiax. Gms. 
o.c. of c.o. o.o. AgNOs Dif •. . Deduct- .Equal HBr Poe-
Mixture AgNOe KCNS - in co • ing .3 to Gms • sible if 

Wd. Used Used XO.NS XONS .. oc. for HBr Reaction 
· Blank Oomplete 

... 

10 25 1.25 22.s 21..25. , 20 .• 95 • 20196 , •. 3204 
.. 

10 30 4,45 27. 22.25 22.25· .214.49 .3204 ' . . . 

10 .. _ 30 . 4.2 27~ .. 22.8 22,5 • 21690 .• 3204 . .. 

10 30 4. 27. 23. 22~7 .21883 .~204 

10 30 5.7 27. 21.3 21.0 .20244 .3204 

10 25 3.05 22.5 19.46· 19.15 • 18461 ,3204 . 

fstarted. 
'-See ",." Page 61. 

'I, Actually 
Reacted. 

.. 
63_.04 

66.95 
67 70:. . .. . 

68 .• 29 _ 

63.17 
' 57.62. 

0\ 
to • 



OomDarison of the Bromides. ------ - ---- 63., 

• .. ,. 

·, 

.. Time ·from 
Bromide. Beginning :J>Re- :,, Remarks. (All. time 

•. Reaction.- acted ·:: f~om _beginning) • 
.• . '-.. .. ; .. _. ... .. . • 

•. 

' .. '., 

~thyl 2: nrs·, 9.62 '.At end. of 3 hrs 1o·m1n. 
,12. 48i. reacted; equili-
··brlum not,yet reached. 

'• 

. 
'· 

n-Propyl 2 Hrs \ .. 12.15 At end·of' 2- hrs. 30 min. ,, 12·~49% reacted; equili-.. 
brium not yet reached. 

" 
,. 

·• 

.i_so-Propyl, .· .. 2. nrs ,, · 3.01 .This was e4uilibri um; 
reached at· end of 10 min. 

,· : ,. ·:•-

. .. 
n-:-Butyl ·- ·2 Hrs:··. 5.72 At-end of 3 hrs. ' 7.827' ... reacted; ·equilibrium not 

yet· reached_. 
". ,• . .,, . .,.. ' .. .. 

iso-Butyl ): 1/2 :Rr.s 5 ... .,. Eq'1~·11 brit1D4 ... .. 

see-Butyl 1 ·Hour 1.·a~ Equilibrium. 
·.• ' 

ter-Butyl_ 1/2 Hr 68.29 Maximum;. 'lo· reacted ,com-
mei;iced ... to decline. 

Within:the limits of this work. one mq arrange these 

bromides according to relative reactivity in the follov,ing 

order: 
. 1. Ter-Butyl. . 5. I so-Butyl • 

2. . n:-Propyl. 6 • ·Iso-.Propyl. 
3. Ethyi. 7 •. Sec.;..Bu.tyl. 

,4. n-Butyl .. 
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