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 INTRODUOTION. -

~ TWhen ethylene dibromide reacts with certain substitu-
ted thioureas the-latter.seems to react in a tautomeric
form,‘which with the loss of hydrogen, bromide, gives a
thiazolidine having a general formula of QO(NR)NRCHgOHg.

RNE RNHE  Br CHz . RN—OHa
\ o\ + I —
¢S > CGSE BrCHe R'N=C OHs
/ Ik : N/

R'SE RN s

‘It is evident that if R and R' are different, twe thia-
zolidines are possible, The problem of determining what
influence the nature of the groups R and R' ‘would have on
Vthe resulting thiazolidine has been the subjeot of & gene-
ral investigetion carried on at this University under the
direotion of Dr. F. B. Dains,

- In the solution of this problem, it was first neces-
sary to work out methods for the synthesis of both of these
compounds in which the position of R and R' would be known.
This mndh of the‘problem has alréady been completed and
will be taken up laterl., It is now possible by varying
the groups R and R' to determine how their nafﬁre will af-
fect the resulting'thiazolidine. Some data hes already
been obtained where R and.R"are aromatic., The specific
problem of this investigation is the identification of
the resulting compound when ethylene dibromide rescts w;th
a substituted thiourea of the above type when R is phenyl
and R' alkyl in nature,

1Jour. Amer, Chem. Soc, g 5647



It wes assumed to begin with that whatever groups
were chosen for R and R' that a thiazolidine was always
formed., Results were obtained, however, which showed
that for'certain‘suhstitutions this was not the case,
When R' was methyl, ethyl or.butyl,,two mols of the thio-
urea réaeted with one of ethylene bromide in the follow-
ing manner:

RIEO(:1R)3 & 55 05a0Re B & ), 8(R"N: U
Thus, although 1ittie ﬁ;s accomplished on the origi-
nel pfoblem; seversal interestiﬁg‘results were obtained,
EXPERIMENTAL.
PREPARATION OF THE ETHYLENE ETHER OF
. PHENYL METHYL THIOUREA.
C6H sNHO (=NCHg ) SCHzCHaSC ( : NCHs ) NEC eH s

”Mblér propsrtions of the éymmetrical methyl phenyl
thiourea and ethylene dibromide were heated to 110° on an
oil bath; 4 vigorous reasction soon took place with the
separation of a white solid, which was purified by washing
withvchlorofprm. Melting point 210°, This proved to the
hydrobromide salt of a base and was precipitated as such
from a water solution of the salt with emmonia, The base
wes recrystallized from alcohol and gave a melting point
of 1650°, This product. was believed to be & thiszolidine
similar to those obtained by Thompsonl. If such was the

case, it would have a formula:
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0H$$-—?Ha CBH5?~—-?Hz
R or :
CeH 5N=c CHa : CH3aN=C CHz
\ / \ /
S S

Both of these were synthesized by methods which will be
déScribed later but neither seemed to be identical to
this compound. | |

Kucera and Bertramg found that the unsubstituted
thiourea and monophenyl thiourea reacted with ethylene
dibromide to give a'compbund:

GeHsNH%Sfﬁ“;23£10H20H33§£M; ﬁ§S%NHCeﬂs
AR N | |

= | NE
GeHsNHC~S~CHaCHa-S-CCNHCeHE
n : .

The dihydrobromide was first formed having & melting point
of 213° from which the free base was precipitated, the lat-
ter having a melting point of 139°, It was thought that
the compound obtained here with methyl phenyl thiourea was
similarwto'the above compound prepared by Kuceras, Accord-
ingly, a second preparatioﬁ was made using two molé of the
thiourea to ohe of the bromide. An almost theoretical
yield of the hydrobromide salt was obtained with no excess
of the ethylene dibromide as was the case in the first pre-
paration, This evidence for the ethylene ether formmla was
further supported by its nitrogen content and its molar
weight,

2
Monatschefte filr Chemie, 35,137-157,
®Berichte, 25 , 59.
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Analysis (Kjeldahl Method).

Weight ofrsample°used‘(grams) fz | fé

Volume of HC1 : 20.5 20.
Volume of NeOE . 3.2 2,55
Correction for blank c.c., HOL .5 " .B

Percent nitrogen ; | ‘ 15.25 15.28
| HOl = ,123 N NaOH = .088 N

Calculated for C;gHaaNeSe =16.60

Molar Weight Determination.

S S I II‘
Freezing point pure solvent CeHs 4.74 4.74
" " solution 4.8 4,415
K " lowered .16 .325
| Wéigﬁt of solvent , | a4, 44,
" " solute .5 1.0
Molar Weight | 355 350

Calculated for above 356,
ETHYLENE ETHER OF PHENYL ETHYL THIOUREA.
CeH sNHC (=NC2H 5) SCH2CH2SC ( : NC2Hs) NHCeHs

‘Two mols of phehyl’ethyi thioﬁreé reacted with one
of ethylene dibromide when heated to 110°. The dihydro-
bromide salt separéted in\the reaction flask and was puri-
fied by Washing with chioroform. An almostktheoretioal
yield of the salt was obtained, The free base was preci-
pitated by making an aqueous solution alkaline with aﬁmo-

>nia. A perchldraté 8alt was made by adding perchloric
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acid to a slightly acid solutiop of the base._ The perchlo=~
rate salt crystallized out in‘almost transparent needles,

Melting point free base - 1?00

Melting point hydrobromide salt 196°

| Melting point perchlorate salt 160°
On a second preparation,‘the components of the reaction
were heated to 125 to 130°, The hydrobromide salt did not
geparate as ﬁefore but‘instead hydrogen bromide was evolved
as a gas, To obtain the base, the mixture was distilled
with‘steam to rembve excess of ethylene dibromide and the
f’residué~in flask made alkaline, Thé product of the reac
tion was precipitated, £iltered and recrystellized from al-

cohol and benzene, This was identical ﬁith the ?revioua

preparation, ‘ -
Anelveis (Xjeldshl Method),

| o ” | I IT
Volume of scid . 20,0 20,0
Volume of alkalie .462 4,25
Correction for ﬁlank ob | 5
Weight of sample §2 grs, ‘_.2 grs.,
Percent of nitrogen ’ '14.20 14.19

NaOH = ,088 N HCI .123 N

Oalculated for 620H25N432 14, 50%
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Molar Weight beterminationQ |

Freezing point pure solvent cena - 4,75

" w. solution : 4,595

“ oo lowered N ~ .1B5
Weight of solvent - 42,

e o) solute ' . WD
Mblar weight : 370
Calculated for above 4 386

ETEYLENE ETHER OF NORMAL BUTYL PHENYL

THIOUREA.

; OsHaﬂ'HC( NCq,Hg)SCHaGHgSG( NC&Q)NHGeHs _
Fifteen grams of normal butyl phenyl thiourea thio-
u?ea was heated at 110° for two hours with an equal weight
of éthylene‘dibromide. Hydrogen bromide was evolved. No
solid Séparated as it did in.the two previous casesa‘»The
mixture was distilled with_steam to remove any excess
ethylené bromide, It was then'made alkeline with ammonisa
and a base was precipitated., This was filtered off and
| recrystallized from alcohol, It was expected that this
might bé a‘thiazclidine since the butyl and phenyl groﬁps
are neariy equal in Weight. Both the nitrogen content
and molar weight, however, indicated that as before the
ethjlene ether type of dompound wa.s formed, Melting
point 92°, |



Analysis Nitrogen Kjeldahl Method.

. | | 14 II
Volume of soid 20.0 20,0
v v alkalie 12.3 12,1
Correction for blank ’ 5 ' b
Weight of sample | .15 .15
Percant Nitrogen ‘ 12,30 12,45
NaOH‘=— .088 N HCl = ,128 N

Calculated for 024354N4sg, 12, 57¢

Mblar Wbight Determination

ﬂweight of solute o5

'Weight of solvent o 44.9
{ Ereezing point of sotvent ceHa 4,735
oo " solution 4,610
%" lowered . .125
”nblaf'weighf | 454
 Ga1cu1ated for above 444

PRO?YLENE BTHER OF METHYL PHENYL THIOUBEA

CeHSNHC( NCHa)SGH(Cﬂa)CHgSC( NCHQ)NHCeHs »

‘;n qrder ﬁo see whether the proPylene bromide would

have & different effect on the resulting compound when

 heated with one of these thiouresas, thé former was heated

at 110° with 10 grems of methyl phenyl thiourea, A solid

separated as'before which proved to be»the hydrobromide

salt of a base,

An 80% yield of the salt was obtained with



8.
& melting point of;195°.‘;The free base was precipitated
with ammonié from'a_ﬁater solution, Melting point 120°,
Anélysis tq obtain the percent of nitrdgen_indicatéd that
the ethylene‘ethei'was formed here also and is represented
by the above formula.

Analysis,

ST ' I II
Volume of acid used 20.0 20,0
| Volume of alkalie used 8.8 8.65
ACorrection for blank .5 .5
Weight of sample : J16 15
Percent nitrogen 16,16 15.27

N4OE = ,088 N HC1 = .123 N
Calculated for CygHppN,Sy = 15.01%

PREPARATION OF 2 BENZYLIMINO 3 PHENYL THIAZOLIDINE.

CoH sll— OHs

CeHgCHeN=C OCHe

N/
g

Fifteen grams of benzyl phenyl thiourea was heated
with an equivﬁlent amount of éthylene dibromide at 125°“
for two hoﬁrs; No solid separated a8 with the methyl and
Qibyl derivativeé;'fmhe excess ethylene bromide was re-
moved by steam distillation and the solution made alkaline,
An oil was'preqipb§gtéd which could not be made ﬁo orystal-
lize from any solvéﬁt‘f It was redigsolved in dilute HCl
and picric acid’added to a part.’ This gave the picrate
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salt wh;ch melted at 140°, The rest was converted to the
perchlorate in the same manner, This hzd a melting point
of'85°.’ | _ ‘ ‘ ‘

Analysis showed that in this case the product was a
thiszolidine and not the ethylene ether type of compound.
The nitrogen content corresponds to the thiazoiidine. It
is also identical with the 2 benzylimino 3 phenyl thiazo-
lidine as was synthesized from phenyl amino ethanol and
benzyl mustard oil. This Wil; bé described later,

Analysis of Nitrogen in HC10. Salt.

Volume of acid used -‘ 20,0
Volume of alkalie used ' 11.5
Correction.for blank .5
Weight of sample 2518 7
Percenthnitrogen : | 7.70
HC1l = ,123 N NaOH = .088 N

~ Caloulated for 016H15N28H0104 7,660
It has been stated that ethylene dibromide may react
with these disubstituted thioureas in three ways., Two of
these gives isomeric thiazo;idines and the third an ethy-
lene ether where two mols qf the}thiourea are joined by
an ethylene grouping¢ In identifying the first two, it
wag necesssry to syntﬁesize both by the methods worked

out by Thompson as mentioned before., These may be summs-

rized heres:
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Aryl or alkyl amino ethanols react with the mustard
0ils to give ethanolithibureas, which by loss of water and
ring closure, yield thi‘azo'lidiﬁe_s ‘of known structure.
| RNHCHoCH:0H + R'CNS é-R?¥CH§0H30Hk

cs
t
R'NH
RNGHaCEg OH RN — CHg
SE  — Ha0 4 | ‘
il 3 )
R'N | | R'N=C  CHg

TN/
R and R' may be chosen as desired and the resulting
thiszolidine be used for the 1dentification of those where
the position of R and R' is not known, ;
Thiszolidines were synthesized in this memner using
groups for R and'R’ corresponding to those used in the thio-
ureas which were tfeated with ethylene dibromide, In doing
.this, it was first neceésary to prepare a quantify of the
rethanols and of the mustard oils, | |

?REPARATION OF METHYL MUSTARD OIL.

) Twentyaseven grams of carban bisulfide together with
15 grams of NaOH in water solution wére stirred with a tur-
bine in an ice bath while 31 grams of 33% methyl_amine solu-
tion was slowly added. One-half hour was used for tpé ad-
dition. The stirring was continued until élmost completely
solidified due to the separation of the sodium methyl di
thio c@rb%ggiz} After standing‘fof an hour, it was added

to & solution of lead nitrate (110 grams) and the methyl
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mustard oil obtained by stesm distillation, Yield 8 grams
1% Melting point 31°, Boiling point 120°,

| | ETEYL MUSTARD OIL.

Forty~five grems of 35a solution ethyl smine were ad-
ded slowly to a mixture of 27 grams cerbon bisulfide and |
15 grams sodium hydroxide 1n.watér solution, The mixtﬁre
was kept in an ice bath and well stirred during the addi-
tion of the amine, The whole mixture solidified in a few
minutes due to the separation of the sodium ethyl dithio
oarﬁﬁnge. ZQﬁiB was then added to a solution of 110'grs.
lead nitratég The ethyl mustard 0il was then obtained by
steam distillation, Yield 15 grams or 50%, B2 — 13"

. DENZYL WUSTARD OIL.

_‘1 Fifteen grams of beﬁzyl aminé were sdded slowly to a
mixture of 11 grams‘sodium hydroxide and 12 grems ocarbon
bisulfide, The mixture was keﬁt cﬁol and stirred vigorous-
1y for two hours. No solid separated as before, Fifty
‘grams of lead nitrate in solution wes then added and steam
'distilled. The benzyl mustard 0oil separated in the recei—:
| Yer‘as an oil, This wes seperated and distilled. Yield
 50%, Boiling point 240°, |

~ The reactions involved in the ‘preparation of these
mustard oils are gtven below'

RNH + CSz + XOH —RNHCSSK
RNHCSSK + Pb(NOs)s —>RNCH + KNOs + HNOs
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PREPARATION’QQ,THE ETHANOLS.
PHENYL AMINO ETHANOL, (187 MmTHOD) .
. Two mols of aniline and one of ethylene chlor hydrine
- were heated tOgether for several hours at 120° to 130°
‘The extra mol of aniline takes up ﬁhe hygrogen chloride ’
liberatedbin the reaction. The mixture was then made al-
kaline and the excess aniline removed by steam distilla-
’tion. The tarry resi&ue ie separated dried, and distil—
‘ led under reduced pressure, The distillate is the pure
-ethanol, Boiling point at 18 m.m. 167° o Yleld 60%.
| (SECOND METHOD), |

Twenty-five ethylene chlor hydrine were allowed to re~
act with solid NaOH, The ethylene oxide gas thus formed
was passed into 31 grams of eniline, The gas dissolved
with evolution of heat, The solution was warmed to\50° -
70o under sufficient pressure to’keep the ethylene oxide
’from esceping, At first the pressure rose to 50 om., above
atmospheric bdut gradually decreased as the reaction proce-

ded., ' After three hours, the mixture was distilled under

'~ reduced pressure,

Yield: 20 grams CeHsNHCHaCHaOH
| 4 grams CgHsN(GHzCHaOH)a

14 grams unchanged amihe.
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BENZYL AMINO ETHANOL,
G sCHaNHOHRCHa O o
The calculated amount of athylene chlor hydrin was

treated with solid sodium hydroxide and the ethylene oxide
gas formed passed 1nto 12 grams of benzyl amine. The re-
action was somewhat more rapid than with the phenyl deri-~
vativé, It was necessary to cool the amine occasionally
to prévent evaporation, The mixture Was then heated unaer
pfesSﬁre as before an@ then distilled under reduced pres-
sure, Boiling point at 65 m,m, 192°,
Yield: b 1/2 gfams unchanged amine

5 grams“ceﬁscHaNHcHBCHQOH'

ETHYL AMINO ETHANOL.,

A GgHsNHCHQQHEOH. Boiling*Point 168 .

 In‘the pieparation of ethyl amino ethanol, the same
method‘was used except that no heating under pressure wes
required, Here the ethylene oxide reacted vigorously with
- the amine. It was necessary to keep the reaction flask in
" cold water to prevénf the excape of the ethyl amine, Un-
-der atmospheric pressﬁre, the unchénged aminé.was complete~
1y removed by distillation up to 125°. The ethanol, toge-
ther with some water in which it is soluble, was collected
from 125° to 170°, |
5 Eighteen grams of ethylene chlor hydrin and 24 grams
of '33% ethyl amine solution gave a yield of:
CoHsNHOHCHeOH 50% solution 15 grs.
CeHs(CHaCHaOH)s 6 grs,
CoHsNHa unchanged sbout 30% sol 8 grs.
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- METHYL AMINO ETHANOE.
CHaNHCH;eCHgOH. Boiling Point 15'7°

' The same method was used in the preparation of methyl‘
amino eth&nol as for the ethyl derivative and approximate-
ly the'same yield obtained. . The uncha ged amine was trea-
ted w1th‘more ethylens oxide and & st111 greater yield ob-
 tained, - BRI

X PHENYD BTHANOL /J METHYL THIOUREA.

GeHsIY\CHaCHaOE
s
/.
e - CHsNH . ,
' Mblaf‘pfoportions of phenyl amino ethanol and methyl
ool 7 T N '
mqstarﬁﬂgere dissolved in alcohol and heated on a water

bath for an hour, Upon standing and allowing the aloohol
to evaporate the thiourea. separated in large cubical ory-

stals, Yield 85%, Melting poin't 69°

Analysis Nitrogen.

> | 11
 Volume of soid 20,45 20,0
Volume of alkalie 6.85 5.5
' Correction for blemk 5 .B
Weight of semple .2 2
,"Paroent nitrogen i;' - 13,00 13,39
. NeOH= .088§  HCl= .123 N

Calculated for Cq4H,N,SO 13,33%
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2 METHYL-IMINO 3 PHENYL THIAZOLIDINE,
' CeHsHa —401'12.
0H3‘N.=(!3:a | EéHa
| , \\é/’ ' )

N The phenyl ethénol methyl thiourea was heatedeith
concentrated hydrochloric éeii until completgly dissol?eda
'Watér 1s lost and the ring closes giving a thiazolidine (
as the hydrochloride sélt._ The free base was preoipita—}
ted by making alkeline with emmonia, The produot was re-

ctyétallized from alecohol. Melting point 450.

CeHsN —CHg . CeHsN—OCHg

dHi\chg CHg — CH ‘N c§ éﬂ

113 IN= 2  LHa = 2

T | N/
SH OH —Hz0 » g.

Analysis Nitrogen.

| g I
Volume alkaiie ‘ . 4,0 ' §;9'
~ Volume soid ) ‘ 20¢05 20.1 -
,COrrgofion‘for blank = 5 N
Weighﬁ of sample 2 ;2
’rercent nitrogen | ,14 556 14,38

NeOH = ,088 N HOL = ,123 N

“Calculated for Cloglzﬂzs -14,58%
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~ X METHYL ETHANOL /7 PHENYL THIOUREA.

CHgNCH2CH20H
\

cs
/ .
) GBHSNH
Molar proyortions of methyl amino ethanol and phenyl

j‘ mustard 01l rescted vigorously when mixed " The thiourea
separated as & golid, It was filtered off and recrystal—

1ized from aloohol, Melting point 95°

Analysis Nitrogen,

I 3
Volume of mcid 20,0 20.0
Volume of alkslie 10,5 10,3
‘Cofreotion for blank ' .75 .75
Weighf of sample . ‘ .15 .15
Percent nitrogen ‘13.47. M 1%. 60
NeOH = ,088 N HCl = ,123 N

Caléul&ted for 108 Naos, 13,23% & ¢

2 PHENYL-IMINO 3 METHYL THIAZOLIDINE

Gan-—-GHa
o
05H 5N=:C CHa
| \/

When the methyl ethanol phenyl thiourea was warmed
‘with concentrated hydrochloric acid until completely disg-
,'\solved,,water is formed and the ring closes giving a thia-

zolidine., This is identical with the one made from methyl
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musfard 611 except here the methyl and,phenyl groups are
reversed; Welting point 890,

I Anslysis Nitrogen,

| Lo | I IT
Volume of seid 20,05 20.0
Volume of alkslie 4,0 3.9
‘Gorrection for blank b .5
5 Woight of sample .2 .2
i Percent of nitrogen ' 14.86 14,40
NeOH = .088N .  HOCla= 123K

Calculated for CjgHpgNpS = 14.56%

. A o« ETHYL ETHANOL /2 PHENYL THIOUREA,
| - CeH arfcngcﬂam
bS-
, OdEsNH _

. The reaction here is the same as with the methyl de-
rivativg. SeYan'grams‘of the ethenol with an equivalent |
quantity of phehyl mustard oil gave 8 yield of seven grams
6f the thiourea. This Wés recrystallized from alcohol or

can be purifiad by washing~w1th a 1ittle benzene. Melting
point 152



Anelysis Nitrogen. el
S e

~ Volunme of aﬁc:iyé\[m”Z | . . . ; zbsb, _éQgQ’
Qvﬁlume‘qf §1ké1i9 2 8;5‘ g 13.0_
~ Correction for blank ‘ §5§ BT A
k‘  W6ight of sample 5 .184 . .188 -
Percent of nitrogan . 12.62 C12.m2
Naon =.088N  HCl= .125 ¥

Caloulated for 011H150N23 -1z, 50%

2 PHENYI TMINO 3 ETHYL THIAZOLIDINE.V ”
| - caﬂsf-——cﬁz | ‘

|
C eH 5N=C CHe
\/

'The same method for preparation of the thiazolidines
'from athanol thioureas was trled in this case but ‘without
: success. When ethyl ethanol phenyl thiourea was warmed o
with conoentrated hyarochlorio aoid it partially dissolv-
,ed.  When this was filtered and made alkaline an 01l was
'preoipitated., The same result was obtained with hydro-,
'bromio aoid and aoetyl chloride. The oil was redissolved
yin dilute acid and perchlorie acid adde&. A salt slowly
orystallized out which an analysis of the nitrogan con-
tent corrGSponaed to the calculatea value for the perchlo;

rate salt of ‘the above thiazolldine. Melting-point 90°.
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Anslysis ﬁitrogen.

| | I II
Volume of setd 20,0 20,0
‘Volume of slkellie . 16.5 15 65
kdbrreetion fdr‘blank | o5 .b
'  Weight of sample 18 «15
ijercent of. nitrogen . 8,80 8,75
NeOH = ,088 N HOl = ;123 N
calculated for C,.H. NS, HCIOe. 9,10%

1171472

%3 PHENYL BTHANOL J BTHYL THIOUREA.
| caHsmHacHaon
\
cs
/
o  CgHsNH .
VLEhenyl amino ethanol and ethyl mustard rescted in mo-
j‘" '‘ZL;aV.J‘:‘k;,)z'oportj.ons either alone or in alcohol solution. An
~, :éimost‘theuretica1 yield was obtained in each case;, On
} standing and allowing the alcohol to evaporate large cry-
- stals of the thiourea separated which had a melting point
j “of 97 .

Analysis Nitrogen.

7 - I I

~ Volume of scid 200 2040

',vblumevof_alkalie 6.8 . 8,956

- Correction for blank Py o5
 Welght of sample L2 L1837
‘Percent of'nitrogen - 12,66 12 ,30 |

 HOl'= ;123 N NaoOH = -088 X
Calculated for Cp7H;gONaS 12,547

0
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2 ETHYL-IMINO 3 PHENYL THIAZOLIDINE,

CeHsN—CHz
kGQHQN=Cl! CHg
N/
o L mie 8 . |

| The phenyl ethanol ethyl thiouréa on warming with
oonpéhtiated hydrochloric acid suffefed ring olosure and
~1§és qf water giving'the above thiazolidine. It‘Was pre-
cipitafed from the acid solution with ammonisa éﬁd'reoryé
~ stallized from alcohol. Melting point 42°, Part of it
'was converted to the perchlorate salt which.was precipi-
 tatea from a very dilute acid solution on the addition
of perchloric acid, Melting point 68°,

Analysis nitrogen,

o I I
1 Vblume of soid 20,0 Azo.é
Volume of alkelie 10.7 5.8
Gorrection for blank . .5 5
Weight of samplé . 15 : o2
~ Percent of nitrogen v 15.5 15.7
. HCl=.123 W NaOH = .088

oA o BENZYL ETHANOL é PHENYL THIOUREA.
| esnchalv\cnacHg OH
cs
-/
~ CeHslNH
Benzyl amino ethanol reacted vigorously with phenyl
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. mﬁétafd oilsf,A thick syrupy liquid was fdrmed»which ory-
"atallized?out from‘bepzehersolutionf Melting'point 110°.

9

'Analzsis Nitrogén.

SO I I
‘Volume of acid - 20,0 20.15
Volume of alkalle 16,0 15,9
Cerectipﬁﬂfor blank b «b

Weight of samﬁle : | V15 ;15
‘Peroent of nitrogen 9,26 9,52

Celoulated for CygHygONpS  9.79%

2 PHENYL-IMINO 3 BENZYL THIAZOLIDINE,
. GgHSCHinI’ -—?Ea ‘
Ceﬁ 51\I=0\ /GHa

~ Benzyl ethanol phenyl thiourea gave the correspond-
ying thiazolidine when warmed with cdncentrated hydrochlo-
ric,aci&,f Wh§n it was completely dissolfed in the acid,
the solution was made alkaline and the thiazolidine thus
pfedipiﬁafed.zbwhis was rearystallized from benzene.
Melting:point 1000. Dye to lack of reagents and only a

feir yield, dnly enough for one asnalysis was obtained,
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. Analysis Nitrogen,

Yolume of acid , « ’ 20.0

Volume of alkalie o 1la.2
Gorrection for blank b
Weight of sample ' .15
Pércent of nitrogen | ‘ 10.60/
;, . NaOH = .088 HOL = .128 N
Calculated for CgHy N,S = 10.45%

2 BENZYL-IMINO 3 PHENYL THIAZOLIDINE,
- Collsll—CHz |
‘ {
CeHsCHeN=C CHe
\S/<

TR o o
- Benzyl mustard,wes allowed to react with phenyl amino

ethanols- Heat wés evolved but the thiourea thus formed
could not be separated as & solid. It remained as a heavy
0il; This was heated with concentrated hydrochloric acid
until almost completely dissolved., Aﬁmonia was then added
to alkaiihe reaction. An 0il was precipitated, which.could
not be made to“crystailize from eny solvent, It was redis-
solved in dilute acid and enough perchloric acid added to
completely reprecipitate it as the perchlorate salt, ‘This
was‘first'formea as a gummy substence but on standing gra-

dually changed to a crystalline mass, Melting point 85°,

R
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Analysis Nitrogen,
1 II

Volume of acid | 20,0 20,0
Volume of alkalie 1.5 13.0
Correction for blank 5 o7
Weight of sample , «2513 ',257
Percent of nitrogen T3 7.42
* NaOH = .088 N BC1 = ,123 N

caloulated for C1gH1eN2S.HC104 7.61%

This compound is identical with that obtained from
_benzyl phenyl thiqurea and ethylens diﬂromide; vBoth are
oils and give perchlofate salts whieh are solids of the
- same melting point and whose mixed melting point does not
change, v ) | e )
| Insﬁfficient data has been obtained to make any gene-

‘ ralizations as to what efféot the nature of the substitu-
ted groups‘has/on these three ways in whiéh the_thibureas
react with efhylene dibromide, In all cases which have
been triéd, the ethylene ether is formed when oné substitu-
ted group is hydrogen or an alkyl group. If both are arYi,
a thiazolidine is formed, However, sinoe the benzyl group
usually(reacts as an alkyl group, the difference may be

due more to the difference in weight of the substituted

groups than to their aromatic or aliphatie nature,
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‘2 PHENYL-IMINO 3 PHENYL OXAZOLIDINE.

CeHsN—CHa

CeHal=C (l}Ha |

- N/
 Amdng some of the attempted reactions was that of
"deéulphurizing agents in ?he presence of aniline on the
ethanéllthioureas.l Thirty grams of diphenyl ethanol thio-
urea was heated on a water bath for five hours in alcohol
solution with 1ead{hydro§ide and an eqﬁiValent amount of |
sniline, The lesd sulfide formed was filtered off while
hot and the product of the reaction crystallized out on
cooling., Melting point 113 .J The reaction was tried in
the hope of finding another method for the synthesis of

,oertain oxazolidines. . Lo
. CeHsNCHeCHzOH | CeHeNCHaCHaOH
Y 'S 3 P {oR)el ———> - 6 = Noats
CdIsN/H | *‘\'Hg‘maas CeHsN/H

Thls ethanol substitute& triphenyl quanidine oould then,

by loss of aniline anﬁ ring closure, give en oxazolidine, ,

CsHsNCHaCHaO H:o CeHsN-—'—CHa '
, \ e R
v C - ‘NHCaHa, CeHsN=C /GHa :
E / —»—-__4- ' . " N 3
CaHBN ; ,o.

: The product that was obtained was the 2 phenyl-imino

5 phanyl oxazolidine, identical with that obtained by Mialm1

in the desulphurization of diphenyl eth&n.ol thiourea with
1Jour. Aimer. Chem, Soc., 44, 3647,
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mercuric oxide. If the resction did go as the equations
given indicate, the intermediate product of triphenyl
quanidine could not be isolated., The same reaction was
tried uéingfammonia in place of aniline and the same re-

sult obtained.

‘Aha1y81s Nitrogen.

o 1 IT
Volume of scid 20,0 20.0
_Volume of alkalle | ‘8.35 8.2
Correction for blank o5 5
Welght of sample .2 ,2
Péroegt of nitrogen ‘ 11?85 ; 11.73
NaOH = .088 N HCL = ,123 N

_nod
Caloulated for 015H140N2 11, 70%

ETHYIDNE ETHER OF MONOPHENYL THIOUREA.
CeHsNHG( NH)SCHaGHaSC( NH)NHCeHs

- Two gram mols of aniline were added to an equivalent
amount of hydrochloric acid and the whole mixed with two
gram mols of ammonium thiocyanate in water solution, The
"mixture was then evapdrated nearly to dryness on a water
’bath. Wéfer was then’added, fiitered, and washed again
with water.} Yield 170 grams; Monophenyl thiourea, Melt-
© ing point 1526. ‘This was then héated with 75 grams of
‘ethylene dibromide on & water bath, A vigorous reaction

soon took place with the separation of the hydrobromide
salt of the ethylene ether of monophenyl thiourea. Yield
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\‘llSOfgrams. The free base was preoipifafed from & water
A'lsoldtiqn of the salt with emmonia, Melting point 139°,
; This compound was previousl& prepared.by Bertram.l )

-2 PHENYIL-IMINO 3 PHENYL. THIAZGLIDINE

S It was thought that this ethylene ether might by
heating‘with aniline substitute GBHsN- for the =NH group
k with loss of ammonia in the following menner:

| | CBHsNH? 3-CHg CHe- S-C NHCeHs

A\L

;N\s :Ns
‘I N, ’ ' \

VH + Hg NCeHs »H + Hésﬂceﬂs

Y- - - _..--._-.i

_ 2NHe ‘
This would give a tetra phenyl derivative such as

could not be obtained from the thiourea and ethylene di-
bromide because the latter gives a thiazolidine instead,
lWlth this'in mind,ﬁ?okgrams:of the ethylene ether was hea-
ted on an oil bathyat 125° for four hours with 40 grams of
aniline. Ammonie was liberated &ﬁring the reaction, The
excess aniline was then removed by distilling with steam,

| The residue in the flask solidified on cooling, was Sepa-
_’ rated from the water and reorystallizea from alcohol. It
lu was neceesary'to reorystallize several times to obtain the

f product in pure enough form for analysis, The alcohol Ffil-
trate on allowing to evaporate, left a sticky mass Whlch
oould not be made to crystallize from any other solvent.
. The attempt to identify this,byuproduet was abandoned,
o lgerichte, §§, P. B9,
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Molting point of the firét}produot was 136°, A mixed mel-
1,ting point with the original oompoﬁnd was 1250, showing the
two to be different.‘ |

| The results of~ana1yéis for the nitrogen content did
~ not cheok with that of the tetra phenyl substituted ethy-
' lene ether; also, the molar weight as determined from the
5 froezing'point in benzene solution was approximately half
fthe calculated value, |
N An attempt was made to prepare & chlorine derivative
obyvusing'para chlor aniline in the first reaction., Ammo-
‘nia was liberated in this case, but the only product that
,“§Ou1d be isolated could not be obtained in pure enough form
~ to give consistent resﬁlfs,on;apalysis, It was boiled for
}six hours in aiooool solution with animal oharooal. On
- filtering and allowing the filtrate to oooitua\product ory-
stallized out which .gave 8 melting point of 1156°+t0 123°,
 The product obtained with aniline was boiled for four
hours with alcoholic sodium hydroxide, No reaction occur-
reds This would indicate that 1t must be much more stable
ithan the ethylene ether from which it was made, since that
'latter undergoes decomposition.
: In tnying to arrive at some other possibility for the
‘ constitution of this compound, three facts were considered:
(1) its stability whioh might indicate a ring structure,
(a) relatively low molar weight and (3) at least one other

2 byﬂproduct besides ammonia, Deoomposition must then take
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place, The following équation represents the only possi-

bility which will fulfill all of these conditions:

Ls\. .
, RN :
CeHsNH CHz C=NH Breaks at
S o arrow,
CeHel |Hei |
» NHav
CeHsN—= CHe  CeHsNH
, ] é 4 |
CeHsN=C / Hs I?SH
| \s ' NH

The compound obtained\was_identioél with 2 phenyl-imino

3 phenyl thiszolidine, The same was synthesized from

ethylene dibromide and diphenyl thioures, Both hsd melt-

ing points of 156°a A mixed}melting point was unchdmged.
Analysis Nitrogen.

I ' II III
Volume of mcid 20,4 20, 20,
~ Volume of’alkalie - 10.4 9.6 14,
Correction for blank N 5 N
Weight of sample .2 .2 +15
Percent nitrogen | 10,75 - 10,93 10,90
. NeOH = .088 N HOL = ,123 N /

Caleulated for C15H14No8 = 11.02%
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Molar Weight Determination,
- I II
Freezing point pure solvent CeHs 3,915 3,915

" - " solution ; 3,680 3,456
" " lowered | .285 - L460
Weigﬁt of solvent a4, a4,
" ‘solute v.5 1,0
 Molar weight ' 242, 247,
| Calculatea for above 254.
SUMMARY

| Insufficient data has been obtained to make any very
‘general cqnclusions regarding the action of ethylene di-
bromide on the disubstituted thioureas, This investiga-
- tion has been limited to those substitutions where the
grbup attached to nitrogen is alkyl and to the other phe-
ny1,  If theAbenzyl group may be‘oonsidered és aromatic,
‘then all data thus far obtained seems to indicate that
when at least one substituted group 1is hydrogen or ali~
phatic in nature an ethylene ether type of oompound is
formed, If both groups are aromatic in nature, & this-
zolidine is formed. As was mentioned previously, two
thiazolidines are possible;, With benzyl phenyl thiourea
2 benzyl-imino 3 phenyl 1S the one forméd; | .

The followihg gives the product formed with ethylene

bromide on the various thioureas tOgether with their mel-

ting points and results of analysis.
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% Nitrogen Molar|Wt,

Type of COmpounJ

The following table

sults of analysis of the

Thioures M. P, ~
Found| Cale, |Found|Cale,|" Formed
Mothyl Phenyll 152 15.26|15,60| 363 | 356 |Ethylene Ether
‘Bthyl Phenyl | 130|14,20|14,50 | 370 | 386 | Ethylene Ether
Butyl Phenyl | 92|12.40|12,67| 464 | 444 | Ethylene Ether
*| Benzyl Phenyll 85| 7,70| 7.65| -~~~ | --- | Thiazolidine
1.(HC10, salt), ikl | ’

gives the melting points and re-

ethanol thioureas and the,thiazoli-

dines formed therefrom when the amino ethanols react with

the mustard 0ils,

RNHCH.CH:OH + R'NCS

. o THIOUREAS . THIAZOLIDINES

' M.P, |Found | Cale, - M.P. |Found | Calo.

Phenyl [Methyl| 69 13,20 |13.33| 45 14,37 | 14,58

Phenyl [Ethyl | 97 [12.42 | 12.54 42 13,60 | 13,60

Phenyl |Benzyl| 01l [-==me | emeua HC104 salt| 7,56 | 7,61
| | 85 |

‘Methyl|Phenyl| 95 (13,55 |13.21| 89  [14.38 |14.58

Ethyl Phenyl |152 [12.67 |12,50|H0104 sa1t| 8.80 | 9.10

f fyo°

Benzyl [Phenyl|110°| 9.62 | 9.79 100 10.60 | 10.45

)| ‘ : ,
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~In concluding this paper, the writer wishes to ex-
~press his appreciation to Dr, ¥, B, Dains and Dr, R, Q.
Brewster for the &ireotion_of this work and for their

many helpful suggestions.

Chemical Laboratories,
University of Kensas,

June, 1923,
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