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~his investigation has been undertaken for the purpose 

of studying the action of certain reagents upon some of the 

mono- and di- substi tutefl imidazoles., Ho attempt has been 

made to exhaust the axperimerrhal possibilities 0£ the £ew 

imids.zoles investigated, it being the plan to continue these 

studies in the future, when time and opportunity permit. 

A series of investigations upon the imidazoles or, as 

they a:re often called, thio hydantoins has been carried out 

by other ex-perimente:rs. The behavior of the -CH2- t which 
1 acts like a methylene group with a.ldehydes ; the formation 

of mercapto derivatives or thioethers in the case of mono-

substi tuted irnidazoles2 ;· the dasulphuri zation of these com-
3 4 . :pounds ; a.rid their hyclrolysis-:- all these, and · more, have 

been expel"imen'ted upon - yet by no means has ·the limit of 

investigation been reachedo , 

The experimental work described in this paper is con-

cerned ·wi'th ·two general t],lpes of' reactions:- {l) the con-

densation product obtai11ed when the imida.zoles are-treated 

with substituted fo:rma.midines; and (2) the treatment of 

these condensation products with alkyl and aryl halideso 

The first depends upon the reactivity of ·the methylene 

hydrogen of the -CH2- group. It has been shovm in previous 

papers that the hydrogen of the --cH2- g-.eoup can be replaced 

1 Amp Chem~ Jour~ Vol. 45, P~ 446. 
~Am«' Ch~m. ,-. Jour .. Vol. 45. p. 448. 

J. A. ~. ~. Vol. 34. P• 1047, (1912) 
4.P.mo Chem" Jour .. Vol., 45. p. 456,. 
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ing equation:-

RU - CO 

In the :preps.ration of these 0011densat ion !Jroducts it 

has been foimd. that heating at high temperatures or a con-

tinuation of heating fox· some ·time at lower tem:pera:tu1 .. es 

decomposes the cond.cnsatio11 :produots. This decomposi·tion 

\Yas evidenced in each case 'by the formation o:f a d.ar1r tarry 

su'bstance from ~.-vhich it was impossible -to obtain any 01--"J:;"'-

stalline :PJ.."Ocluct ·whatever. In one instance af .. Ger prolong ... 

ed heating the product was lot stand. in alcoholic solution 

:for uboi1t two wc~el:s ax1d the substance separating out \VUS 

2.mrified l)y t:rGatment with nlcohol. HoweYer, a melting 

point identical rd .. tih tha:b of the same compound whose aualy-

sis for the nitrogen content showe<.l a relatively pure pro ·· 

ducij 9 could not be obtained,. ~heref'ore , , in these :prepara-

tions high tei.fllrnrat~rces and prolonged heating were avoided. 

~he second type of reaction investigatea was concern-

ed with. the fact thirt in the mono .... substituted imidazoles 

the -illJ-CS-IE1 5.coup may al f:JO e:!tis-'G il1 the tau·comerio form 

-n c:: CSll.-mt"~ I>ue to ·bhis inter.changing of the hydrogen 

atom between nitrogen and sulphur, it is possible to pre-

pare rnerca:pto de1 .. ivatives of the following general fo:rmula:-
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Lio st or the ox.periment al work was carried out u1)on the 

1-phenyl-2-thio-5-keto-tet:rahydroimidazole, this one being 

selected as the typical mono-substituted imida.zole.. Since 

most of the e2rperiments with this imidazole VIere successful 

it may be a :·'.SUJned tht-i..t the same reactions will take r)lace 

with the other mono-substituted imidm-~oles ·whose method of 

preparation is recorded in this thesis .. 

.All tho imiclazoles used in this \';m1"k wore 1n:epared 

·by the action of cuni.Y10acetic acid or its derivatives: upon 

mustard oils. 

A. ~-subst;ituted Irnidazoles w 

1 .. -3-1H;phonyl-2-~hio·~5-K·:;to-'2 o'trr:.h:yaro Imidazole . 

Ylheeler and Brautlecht have prepared 1 .... 3-diJ!henyl tetrahydro 

irnida.zo1e by heating 11honylglycino (:plwnyl amil10 acetic acid) 

o:r its ethyl ester, with ph~nyl ·mustard oil~ 1 

~his same mc·bhod of p:repa:ration 1ms used, Ero:portions 

co:rresr;onui11g to the molar weights of phenyl mustal"'d oil and 

:pheny1 glycine were heated in a11 oil 1nith £rt a temperature 

o:f 1500 as long as water was evolved.. The miJ<:t.ure a't first 

foamed up, then soon soli<lified to a rw.:rd mas:~J of yellow 

color and remained in this condition du.ring the remainf!er of 

the react ion. The imidazole was cr~rst~llized :from alcohol 

f:com r-;rhich it eeparated in flat ~rello-w-,r pris:ns that melted 

to a clear liquid at 2os0 • 

lAilk Chem. Jour. Vol. 45, p. 457. 

•, -:, .. ; 
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Equations :-

+ = 
C5H5N - yo 

sJ OI!n \I ·~ 

n 
C6H5 

+ ~) 

lp-Tolyl-3-phenyl-2-thio-tetrahydro imidazole, another 

ty-pe of di-substituted imidazole, was prepared in a manner . 

similar to that of' the diphenyl com1)ound. Molar proportions 

of p-tolyl mustard oil and phenyl amino acetic acid were 

heated together in a flask provided with a short air conden-

ser, at a temperature of 156° as long as water was e,rol!ed. 
·.'W1" 

The mix·tu.re solidified before the reaction was complete" It 

crystallized from boiling alcohol in yellow crystals which 

melJced to a clear liquid t·:d; 190° - 193°. 

Equations:-
·-· c .. 1' c T.::r ""·r 
.L'- ll3 frUtlti 

SC 

, yOOH 
-t· I -

.ti~'> r-.1 t
.,.,. 

IHI 
CGH5 

CH::;C6TI4yli 100H _ 
sc cm:2 \ I , 

B~ hlonosubstituted Imidazoles. 

1--o-Tol~1:-2-~~.io-5-Keto-Tetral;l~ Imidazole11 

The p-~~olyl thio te'trahyd:roimidazole vms prepared by 

ta1dng the reagents in the follor;ing proportions:- 4 grams 

of potassium hydroxide, 5. 5 grams a.minoacetic acid, 10 cc .. 



-6-

of water, 25 ca. o:f alcohol, and 10 grwns of p-tolylmustard 

oil. 1 These were mixed in a :flask to which an air condenser 

was attachedt anc.l boiled on a sand bath for one hour. The 

alcohol vm .. s then evaporated off on a water bath and the re-

sidue made acid with hydrochloric acid. It was evaporated 

to dryness, washed with water to dissolve potassium chloride 

and excess acid, and crystallized from alcohol. The crystals 

·were small yellow plates which melted ·with slight decomposi-

tion at 2200 .. 

Equations:-

COOH 
+ \ = 

CR2 
ilir 
R 

1-0-To i;vl ... 2-Thlo .. 5-Keto-Tetrahydro !rnidazole. 

For the pre1)aration of the 1-0-tolyl ... 2-thio-tetrahydro 

imidazole, 8 grams of potassium hydroxide, 5.4 grams of amino 

acetic acid, 10 cc. of water, 10 grams of 0-tolyl mustard 

oil, and alcohol to form a solution were heated together at 

100° for three houra, in a flask provided with a. reflux con-

denser.1 After heating, it was concentrated to one-half-its 

bulk and hydxochloric acid added to acid reaction. ~his was 

then evaporated to dryness and the potassium chloride and 

excess acid were extracted with water, the imidazole crystal-

lized from alcohol in small yellow crystals which melted to 

lJohnson, J.A_.C .. f:: .• vol. 34, p. 1047 (19121 



Equations:-

COOE 
+ I = 

Clio I (.j 

E 

17 -,_ 

R 

combining amino acetic acid in alkaline soiu·tion with phenyl 

mustE..:cd. oil"' 1 s;his was boiled for some length of "'cime on a 

sano .. bath, ·then cooled n.nd acl<..U.fi.ed "":tth h~Iiirochlorio acid .. 

~~he precipitate which fo:r.med. v:<.-1s wrtshetl ·with water until 

t11e washings were clear t and then crystallize cl from boiling 

alcohol. Several c-ecrystalliza:tions wert3 made and ·hhe re-

crystallized 1n·oa.uct melto<l at 215° q. fJmall yellow crystals 

Equations~-

rm 
H 

The s.bove 

= 
c6II51-pi · ?C&ffi = 06115~ - yo 

~o~ c4 n~2 °~ c~ - u\,; il2 
'\./ '\/ 

lJ lJ 
H H 

the typical mon.osubsti tu.ted 

imidazole and z:as used for mo~1t of ti10 ex .. pei•imenting upon 

this t'V1)e cf imidazole. 
CJ.L; 

l~h 1 ~ ~ tl ~t ~;.uee er arm .!.;1ran · ecn ·• 
P• 447" 

·Am" Chem" Jour_ VoL.45 
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l.lolar proporticnrd of the l-3-dir,henyl-2•thio-tetrahydro 

imids.zole m1d d.i}Jhenyl. form:.m1idi11e were heated together in 

a fleslt provided with a short air condenser, at 135°-140° 

fo:r fifteen to tv; ;Jnty minutesC> ~~he mixture became dark 

red fl.nu solidifiecl to a semi-tarry mass upon cooling., Alco-

hol was added and the condensation product se1Jarnted out as 

a yellow solid~ It was rec~ystallized from hot alcohol. 

Small o:rm.1g'e yellow crystals which mel to cl a.t 175° ·were form-

ed" 'i'hese t"Jere insoluble in potassium h~l!drox:lde, readily 

soluble in gJ.aci e.l acetic 8.Cicl and very soluble in ho·t al-

cohol.. 
........ , ..L • J::o_ue.. v ions:-

. Analysis 

T:oight of srun71le 

CC~ of IJaOH used 

Hormality of HaOH 

cc" of TICl ·UBe<l 

lJormality of I:ICl 

Ier cent of J.J found 

Calculated 

CGH5U ... CO 
l I 

SC C = 
'.I 

+ c6H5IH:!2 

cmmc 6Hr. 
. "' 

(lCj eldahl) • 
I" 

0 .. 3674 

65Cl'4 

OC' 5145 

94.7 

0.3853 

10.79 

11,,3-0_ 

II. 
0.2374 

35.3 

0-5145 

52.0 

0,3853 

11.0 

11.34 
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f etrahydro Imidaz~~~r 

1'.Lola:r :pro1)o:ctions _of' l-11-tol;rl-3-JJhonyl-2-thio-tetra-

hydro imida ~~ole ;::.nd. diphen;;rl :fo:cmmnicU.ne \;·ere heated to-

gether in El flesk at a tem:pera turt of l35°-Hw0 mrt;il the 

rni~:tnre became homogenonsi> .A:!:°ter cooling$ the aniline was 

remoYed. from tl10 serni-tar~ry mafH3 \Yi "th cold alcohol. This 

J.0f"t the co.ndensatio11 product as a yellow residue. This 

vnu3 crystallized from boiling alcohol in \1hich it was very 

soluble. It separntec1 out in small needlelike yellow cry-

s·tals -r;1hich melted to a yollovri~ih red liquid at 197°-198°. 

I1i is insoluble in potassium hy<lroxicle, and soluble in 

glaci~l ncetic acid. 

i~qu.a ti on:~ 

C!l1~C r:)IttIS - CO C 0H~}m"-
v '" ... I ·1 + • G H = 

sc, / cfu2 . C6E5H[ 
u 
C5il5 

crr3C5II'1,ff - ~O 

SC 0 = 
\ I 
u 
C6H5 

I 

+ C5H5HH2 
CB.NHC6H5 

\';'eight of s;:nrple ... 3031 

cc. J.raOH used 36 .. 35 

lformelity of ns.oH ~ 5145 

CCr li01 used 50.25 

Norm2lity of HCl ~4198 

!? er ec;nt o £' H found 

Calcnlz.rtecl 

11~08 

10 .. 93 

There was only sufficient of this compound for one analysis. 
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, j'\ 1 ] -, ., . ., . I! I'\ il. - -p- J. 0 _ -;_T _ - ~ - '.;. ' lll 0- •:.: .:.::;21 __ ,_]. n 0 Het.h:')7:lene-5-JCeto-

tetr~.ihydroimicfa,~·rnle and diphcnyl formumi<li:ne were heated 

toget:her in B.11 oil bath at 1S5°-140° until the mH,ss bacam0 

liquid and turned_ o. daT:!r 1·oa_. After cooling, cold a.lcohol 

r:~:~s .::·A.l·1ed to a.1s~~o1v0 out the 2ni1ine and the condensation 

p:cod.:ctct Wf:• .. s cn .. ~:stallizea. fTom boiling e.loohol~ On long 

stD.rn1ing in d:~.1 -v.te <'J.lcoho l:lc solut :J_on f clear yellow :plates .. 
se1; ~..::.re .. t(d out. i:rmso gave a melt l:ng i10 irrt of 248° -250° o 

~hiu eondmu3rd.:ion product is 1toluble in potasstum hydroxide 

from v1hich it 1.s 1"Cl>reci:ritated b~r hydrochlo1"ic acid .• 

CHr.:-C ,. Htl H - CO 
.:J 0 ..: l I 

SG C = 
' I 

C·-.:r c· ·1:1" ;·T """'I') e-. 1~~-F.T.r_, ·~- 'J; 6• . · ... 1_ ..... 1' - 1'\) ,. - ··'. ' ~ + 0 U ,"'tn 
v,f). = 

~-~G C 11.•) --rt Ii F .::;. '\ / .._"" __ "'_G_··_-L_~ .. _~. 

n 
II H 

(Kjeldahl} 

I II 

• ;,y·373 .. 5263 

J)jl? 19.2 

.-6574 #' 6674 

cc. HCl rr.3 ed 35 .. 42 .. 5 

no~cmv.U."ty of HCl .4198 ~4198 

13.45 13~40 

Calcula:\ied 13.61 13.61 
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I 

l-O-Tolyl-2-J:_h~g-!M-Jmi~ Methylene- 5-Jietp_-

~:rd.a co:n.denea.tion IH"Octuct of l')-toJ.~tl thio tetrahyd?'O 

togeth0:r molar ~pror:ortions of the imid.n.zole an<l d.iphenyl 

forma.midir1c in D11 oil bath at a tcm:peratu.:..~e of 140°-145° .o 

l:..f·cer cooling- f.:,loohol was add.ed a:nd the i)roduct washed 

frer-) from aniline.. It wt: .. s purified by crystallization from 

boiling alcohol. Yellow crystals separated 01rt. These 

nwlted at 215° to a red.d.ish yollO\v liquid- They were solu-

roprecipitatsd by hydrochlorid acid. 

Eq:1ation:-

CH3C61L2N - c
1
;o C6Hfrt!H" .. CH;305ll1H .... CO 

I + Ci~ - I I 
SC r.tH.) C rrt;ffl~ ..... - SC C == \ /~-~~-~·J~~~\~}~:s:J~,~ \ / 

'\'T 
1• 
-~ 

II 

Hormn.lity o :i: EC1 

I>er cent H :fmmd 

Calculu."bed 

l{ 
H 

( Kj elda.'hl) 

I 

.. 3075 

33eo9 

.5145 

52 .. 7 

ft 3583 

13,,03 

13.Gl 

II 

• 24x:95 

33.6 

.5145 

51.00 

.,3583 

13.24 

13,61 
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,1:-?henyl-2-Thio-4-Anilino Tuteth:yl11ng-5-J~eto-. 

~etrahydro Imid~zole~ 

Condensation of 1 ... :phenj-·l t etxahynro i:mid.azole with 

diphcnyl foxmarnid.i:ne was brought a'bout 'by henting together 

molecular pToi:o1~tions of each at 135°-l.4-0° for a short time .. 

~he mixture fusel!. m1a. formed s. semi-ts.r:r.~,r ~nnss of a dark 

red colo1... t 'hem cool, alcohol ws.s ~3tldod to d:ts£olve out 

ble iil alcohol but readil;{ soluble in gl'.:.win.1 acetic acid 

~{hin pi·oduot f:-com glscin1 t·.wetic aclll vta~i 1u1ed in the fol-

lowing ex1}el"ime:d s. To ol1:Vuin n. molting roint, the ory-

sta.ls de:positctl from g1acio.1 ace·t10 were dissolved :f.n al-

cohol aml afte:c lonz: s·ta::.1(Ung elear y-r-::•lloi;v crystals sepa-

rated. out. The melting i::·oint obtained wcn1 250°-253° ~ 

~his prod.u.ct is nolul)le j_j1 1:: ottwsiu.m hydrm:id.e from which 

zene and vr:-.;r:y sli;")1tly in acetone~ 

Equation;-
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(A:j Gldahl) 

I II 

Wei~ht of smnple • ;30 1'"!1 • ~~128 

cco- HaOE usecl 

lJornmlity of Ha.OE .. !J145 "5145 

oc_. ECl used. 50.. frJ,,. 

lformelity of 1Wl 

Oaloulated 

1-=_hen;/l- ~~-Thio-4-1J-1Jroma:o.ilip.n I.J.e·thyleno-5-.. {eto-

~~his condensation ~-md the follow J.ng one ;.vere OG.rl .. ied 

react ion of o-th er :forrnn.m5. d ino s with t ha-t of the -li11i.1e:nyl 

amidiuo was brought a.bout roadil~y but rw·f.i ri th the c~i.se of 

the UJ1Gti'bsti·tu.ted d.ipJ.wn~;l forrno.m:i.(Une t nei thar v:as ·t:1e 

di-:p-bror~1phe11~v-1 :£ormamid.ine nolar 1)Qrtim:rn of' o~·.:.ch Yt(n·e 

hGJ.tocl .;liogeth1:1r in E:!l oil ·~:inth at n teuj_.)el'.'fatu.:ce of 200°-220 ° 

tn:rned to r::. h<:.rc.l nHH3S llnring the heating, Alcohol '7as 

ndl-.O<l nnd ·ij}~.e cnt5.:re p:rod.;wi; clls::~oJve<l .. The condensation 

11rodu.ct 

water. ~he crud.c prt)duc-h was of a light reiclish broYm 

color, slightly soluble in carbon totrachlo1"ide. chloroform 
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and ben.ze11e, a:ntl readily solul1l0 in gl>;wial o.ee·tic acid 

and alcoholt" It melted to a dark li'luicl. at 189°-:i,goo. ' 

Equ.a,tions :-

co. of ECl 

1Tormslity of HCl 

Per cent of H folmCl 

Cal cu.late a .. 

C 1
1-T 7,:r - r.Q G -fr·· -

l I 
SC C -

""/ 
C -:-,t n TT 'P~ .•.·J v 6-~-.ct.i..>.t. 

li II -

I II 
• 3984 .. ~~:081. 

17.3 20.4 . 

• 66?4 .6574 

11.09 11.05 

11,.25 ll .. :C5 

Hor the condansat1.on of l-plwnyl-B-thio-5-:lte to-·tetra-
hyo.ro lmi<1a.v>1e wi.'th Cii-<-~-lpha-naphthyl forrnamidine., cri1anti• 

ties prorortior:..al to their molecular v:eigh"ts \vere heated 

sone ~ oar·bon t et:!:UrJhlo:r.'i{Le, <:dC.l ohlo;~ofor.m dissolved it 
slightly_. It was· :Jli.::ht ly ;:;ol1l!}le ia aluoho1 .9.n(l the melt-

ing point obt2i:..1e6. f:rorJ -Lhir:~ pr1.rifi.c ~·.d.iio:n waa 160°. It 
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melted to a da:r1: !'ed liquidci It was quite soluble in ni tro-

benzene.. Tho FCOdnct y;Jlich. se[;arated from all tho orgax1ic 

solvents used W£:.s not cr;fstalli:ue. 

Equation:-

-~·.eight o:i:' s&m.ple 

cc... He.Oii us ea. 

1for111ality of EUl 

C alcuJ.d.~O o. 

U6li51J - CO 
I \ 

SC C = 
" I 

\·• ...... 

I 

18. 75 

• .(.,1198 

II 

l'l ... l 

.4198 

12.49 

1Ll9 

tctrahyd.:~o :iJ :d<ln'.,~o1c:! were treated wii;h aJcohoI in which 0.5 

grams of so (L1.1v1 i:t os d:ls3ol ved, nnd aleohol. su..f:ficiant for 

ded awl the rcL1:.:i.~1;_:re v:c.s ref'J.nxea. lmtil it beuaEw neutral. 

On cooling~ c:·. - y2 i~ r1.1.i7:s.t1011 took ~~-;J.l'"l. Get' ~he o:atire product 
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was treated \7ith v7ater $ filtered. sntl the resi(lu.e was washed 

repeatedly \'rith \!.rater until the ~nishi113~ were clear. Tile 

residue was c1'.'yst2Jli zca from hoilin~ alcohoJ. in v:hioh it 

needles o:f excecflingly 1irtht ':I::d.'.'~rrf;, \7.hich t 1.:i:·ned to a cream 

on ex11o~>~n"e to the c:ir, 1.i:hey ~neltecl to a co lorlcss liquid 

at 164"'·-165° ~ 

Eqtu1t~.0~1s :-

C~Hr:}J - CO 
u ,) 1 I ~ 

~ 

SC C = 
'\ I 

rt IT n r.r \• .~ \j6·-5 
h l: 

w 

C 6H5~r - fO 
C2E~r=-I_+ __ ~x~=--~c c = 

~ I 
!J 

cc mn 

C6H5H - GO 
\ I 

Ha~:>C U = 
~ I 
H 

I 
,,.;>?GO 

C2,.GO 

l~:.i,.12 

13,.02 

+ .NaI 

II 

d' bl45 

~3853 

13.J.O 

13.02 



-J.7-

l-l"he1'1;Tl-2-trethylthio-4;-.Ani.l i no ?:fotln"l nw3- r; .•. Tr.'to-...... ,. ... ~ ... --.._....~ .. .__. , ... ... .._. ...... .:. . - ··-------...-...--.--_............... __ i .• __ _._.._.._.,.._ • . __ r ...... --............... 

The re::?.ot ion :for the prep a.rat ion of i; he ~J)ove com1)01ll'ld 

G(l. This ;-;rm :r.e~nux.ed. on a we.tar ln:th nntil the solution 

became :r:.eutr[:L A~f.ter be:Lng coole:l, the product vms wushed 

gouR othyl COn1}:0tll'H1 .. 

• 1 .,,rO 
•- I r() t• 

Equa:tlons :-

E,C 0 ... 0 H 
' I u 

H 

C::R5H - CO 
·' I I 

.t! • ..t.i. 

lI plfih ..... , -,::C,_µ_l_Ii. t: -.1..-. _,,F=---~JI ~3 C C == 
\:..:_..,_,_i.} ____ ::1 \\ I 

H 

C6Il5ll - ~O 
"'r-.::i:1r C ...;- .J.1at .... ...;- -

~ I 
H 

0 
~':hey 21c: 1.t:-~tl i~o n clear liquid. at 172 -

C,. n ... n - c·to t)"' ;, !)"'" ' / 

I l 
HSO C ~ 

-0 I 
0 .u f1 . F' . ., .. H 

''6 .:.b 
. d 

H 

C,.HrH - CO u r) I l 
I1aSC C -

~I 

.... + NaI 



(Xjeldahl) 

I II 

• 5298 .6039 

cc 1Ta011 used. 17.5 24.,36 

Ho:rmality of IraOH 1}6674 _. 6674 

cc., IICl used 52094 52 .. 94 

lformality of HCl .4198 ~4198 

Per Cent oi li found 13.60 13.87 

Calculated 13.61 13.Gl 

l-Phenyl-2 .. ·iLlli!l i:i:hio-4.-Anil~no Het :tiylene-5-Keto-

~e'trah:z_uro Imidazoleo 

The method of preparing the allyl thio derivative of 

the mono phm.1.Ji1 tetrah~1d110 imidazole differs from that of the 

ethyl and methyl de1 .. i-vatives, since it is carried out in al-

coholic potassium hydroxide solutiont and no intermediate 

soditun compound was prepared. 

To in.~epare this allyl derivative, 3 grams of 1-phenyl-

2-thio-4-anilino methylene-tetrahydro irnidazole were re:flu..~-

ed for ebout two hours wlth 2. 6 gxe.m.s of a.llyl iodide in al-

coholic twenty per cent pota.ssi~l hydroxide solution, After 

standing over night~ brown crystals separated from the dark 

Ted.dish brovm soJ.utioitt. These crystals were separated from 

the solution and pu1"ified by recrystallization from alcohol. 

~hey separated yellowish green crystals which melted to a 

dark liquid a·t 215°-r~1a0 • Repeated. crystalliza·tion gave the 

same produc"Ge 



Equations:-

n 
H 

· Weight of sample 

cc HaOI-I 

Normality H2.0H 

co HCl 

Hormality of lIOJ. 

Per Cent U fo1md 

Calculated. 
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C6Il5U - CO 
I I 

HSC C = CTI N C5ll5 
~I H 

II 

... '- .HI 

(KjeHlahl) 

I II 

01475 01526 

29"5 28.,.6 

.. 6674 .-6674 

50" 50 .. 

~4198 "4198 

12.38 12045 

12.,56 12.56 

l-Phen:y1-i:-Benz¥1 ~hio-4-1\nj.li i10 rJethylene-5-Ke1jo 

~trahydrQ. Imidazole. 

l'!heeler ~ma 1-):rantlecht have :prepared the 2-benzyl-1-

phenyl benzal ·bhiohydm1toin l1y shaking the thio hyda.ntoin in 

20 :per cent potassium hydro:z:ide solu.tion with benzyl chloride 

washing rdth wa,,ter and c:rystallizing from alcohol. 1 

This same method was tried with 1-·phenyl-2-thio-4-ani-

lino methylcnc-tetrahyd1·0 imicl.azole to see whether or not 

its benzyl derivative might be prepared in the same way~ 3 

grams of the phen~,rl-thio-ani.1 ino methylene totrahyc1roimidazole 
1.Am. Chem. Jour. Vol. 45, p .. 450. 
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.in 20 per cent potassium hyclroxide solution ·were shaken with 

l.5grams of benzyl chloride. A :precipitate soon formed and 

after st.anding over night it v1as washed with water and cry-

stallized from alcohol. It crystallized in fine needles a:f 
a yellow color 9 which melted to a light yellow liquid at 145~ 

Equations:-

C6H5l~ - CO ~ 
I I ~ 

C6H5U - CO 
\ I 

SC C = C N C6H5 
"I H H 

RSC 0 = C ~ C6H5 
~I H H 

IHI u 

C6H5U - CO 
l \ 

C6H5CE2sc C = C N c6H5 + HCl 
\\ I H H 
u 

Analysis for C23H190H3S (Kjom.dahl) 
I II 

Weight of sampJe .3945 • 3127 

cc .. of NaOH 34,.8 37.9 

Iformali ty of lfaOH .5145 "51LJ:5 

co .. of HCl 50.l 52.0 

normality of HCl .3853 .. 3853 

l?er cent N found 11.ll 10f>91 

Calculated 10.93 10.93 

l-?hen~l-2-lfo:rmal ~.ut:y:l Thio-4-Anilino Methylene-5-

5. 5 grams of l-phenyl-2-thio-4-anilino methylene-5-keto 

tetrahydro imida.zole • • 5 gram of sodium and the molar propor-

tion of normal butyl iodide in alcoholic solution, were re-

:flu.xed on a water bath until the solution became neutral. 
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It was cooled and the precipitate which separated out was 

washed with water and recrystallized from boiling alcohol. 

It crystallized in slender light yellow needles, which melt• 

ed to a clear yellow oil at 122° ... 124°" 

Equations:-

C6ll5U • CO 
;# I I 

HSC C == C 1f C6H5 
~I H H 
n 

C6E5l~ - CO 
I I = 

CH3 (Cli2 )3~ + nSisc' . c = c H 06H5 
\\ I H H 

l~ 

+ Ha.I 

I II 

\1eight of sample • 7861 .5558 

cc. oi UaOH 35 .. 35 52*" 67 

lformality of IfaOB: ,,5145 .5145 

ca., of HCl 50 .. 8 58.85 

normality of IICl .4198 .. 4198 

Per cent H found 11.58 lle169 

Calculated 11.95 11,95 

1-o-Tolyl-2-Benz;'{l ~hio-4-A-11ilino Methylene-5-Keto 

2etrahydro Imidazole. 

2-:aenzyl merca.pto-1-phen:vlbenzalhydantoin has been ma.de by 
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shaking thG thioh3~c:u:_:ntoin in f;O rJer cent i:;otas>ium hydroxide 

solution with benz~"l cllioride"' 1 ~his same method_ -rms tried 

for the formation of the co:r:respond.ing th<io com1)ound.. 3 gxam 

of -1-0~toyl-2-tM.o-4-anilino metby1e:11e tetra.h;y-draimida.iola 

v.rere shaken nnd stirred et room tem}?e r atu.re With the requisite 

·atnount of' benzyl chloride in 20 J)er ceffb 1Jotassiru.a hydroxide 

solution') a fiaky yelloi;1 s olid se:r.H:.rated ou:'G af·f;er standing 

for sometime. :r.~his \'"las washed \1Jith water, and crystallized 

from alcohol. Soft silky, flocculent needles or a creamy 

color separated out and gave a melt :Lng :potnt of 146°-148°, 

melting to a light colored liquido 

Eq11a tions :-

OIT3C 6T7.1 i\T - CO --.. ::i \ 
SC C = 

'\ I 
IJ 
Ii 

crr3c6H42; - ~!:J 

C 0R5CH~l: ·r Hf3C C = 
~ I 
n 

\!eight of sample 

co .tJaOH used 

normality of lfaOH 

cc. J:ICl used 

lTo:rm.c.lity ·of IICl 

.Per cent of N foudn 

= 

CE3C5IT4J:f - 10 
H:30 c = 

~/ 

(:Cjcldahl) 

I 

,.1705 

31.l 

• 66,..14 

52,.5 

.,4198 

101157 

I\J 

+ HCl 
- ClilJHC6H5 

II 

.5642 

25~45 

,.6674 

46.,9 

,,4198 

10.42 

Calculated 10054 10.54 
l\~heeler aml Brau.·~1echt, Am .. Chem. Joux. 



l-Phenyl-2-Thio-3-:Benzoyl-5-Rcto-~etx_~i;zdro- Imidazo~. 

tmidazole '\'lhich di:ffers from those <lismrnsod previou;::ly in 

this Ylork, in thai.~ the Hmino acicl usecl in its pre1w.rution 

contains e ben~oyl radical, wherea6 tho others pre1:ared con -

tained a phen3rl raclioa.l. 

For the :preparation of thiS i.micla~~ole, 10 grsJns of 

phenyl must2rd oil and 3" 2 grams of hi:ppuric acid Yrn1·e heat-

ed together in an oil bath for one and one-half hours a.t a 

temparat11re of ·150°" After cooling it solidified to a. red 

tarry mass. Alcohol ·was added and. the entil'"e mass dissolved 

formlng a reel solution from v1hich white crystals were de-

posit ed.. . This c;~ystall1?2.a meal wa1s u--Jate c1 \Vith boiling 

water to diGsol v0 out i":ll'l;f uncJumged hippu:ric acid, and then 

recrystallized from -ooiling alcohol,, Small lustrous white 

crystals separated out. Uelting point 177°-179°. 

Eauat ions: ... 
:i. 

C6E5~; 
SC 

c6E5IID.1 
) 

Sc 
' 

= 



-24-

Analysis for c16BJ_ 2o2u2s (Kjeldahl} 

I 

t!eigh1; of sample 

cc~ llJaOH used 

Hormali ty of Ifo.OE 

ccef HCl used 

Ho:rmality of HCl 

:Per ce~1t U founa 

Calculated 

.5916 

25.4 

.6674 

50 .. 

.4198 

9 .. 58 

II 

,, 3112 

28.3 

.6674 

50~ 

.4198 

9.42 

l-J?hen:11- i.~-~hip-3-J3enzo;vl-4-A11.ilj.:no ,1fot111[lene-5 ... Keto-. 

Tetrah:ydro Imidazole'" 

The condensation of l-phenyl-2-thio-3-banzoyl-5-keto 

JGetrahyd:co imida.zole with diphenyl fo:rmamidine takes place 

readily.. To brlng about this condensation molar 1n'OI:JO:r• 

tions of the two substances vw1"e heated in &n oil bath at 

160°-isoo for v.n hour. The mixture fused, ·became homogen-

ous and t :lrned to a dal"k red tarry mass. It was cooled 

and treated with alcohol in dlich i·b vms llery soluble.. The 

product which separated out vms crystallized :from. boiling 

alcohol. The crystals formed were creamy white flal;:es which 

melted to a bright reel liquid at 184 °-186°. 

Equations: 

N 
COC5H5 
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I II 

;·/eiglrt of sample .5814 f> 5436 

CCo 0 l' nao:u 18 .. 5 17 .. 5~3 

normality of Ee.OR .. 6674 0 6674 

CCo 0 :f ilGl 4.0. 38 .. 

Ho1·mality of .HC:t .. 4198 ,.41ga 

Por cer1t lI found 10,73 ll. 01 . 

Calculated 10,.88 10.88 

fi-Ket o-Tet rah:zclro Imi o.lurnl Q• 

The thio hydantoins raay be desulphuri~HHl by the action 

of mono chloracetic acid U})Oll them~ ~o de~ulphurize the 

l-i;henyl-2-thio-5-1rnto-tetrahyd:toimiclazole, 6 grams of it 
were taken, and reilu:xed on a sand ·oath vdth 13., 2 grams of 

mono chloracetic acid avid 24 ccdl of ·water for 2 and one-

half hours.. A clea:r ycllo\7 solui.;ion was formed. This was 

concentrated until a sirupy liqu.icl was obtained... After 

this stood :for severnl da~IS, v:ater was nG.d.ed v.ntil a dark 

colored. 0:1.l began to colleot in the bottom of the flask. 

After standing for a short time; slender whi·t;e n.eedles 

se1)ara.tcd out nnd the oll solidifiecl, ~he crystals were 

d:ried and a mel·t111g l)Oint of 148°-150° obtained :from them .. 

~he solidified oil v:as crystallized f'rom boiling watue and 

gave the s;_:me malting point a s the otheJ:~ crjrstals. 

lJ A 0 ,, •h• '".;;. vol. 34, p. 1047 (1912) 



Equations:-

= 
06H51'T .. CO 

I I + 
OC OH2 \ I 

n 
H 

Weight of sample .3508 

cc.. Ire.OH use a. 25 .. 7 

!formality of HaOE C' 5674 

cc... HCl used 50. 

Jformality of llCl .4198 

:Per cent lJ found 15,.06 

Ca.lct~latea 15 .. 08 

There was only fPJ.fficient material for one analysis. 

1-Then;iJ--t~-Th:i.o- 5-Iieto-Tctrf'llyclroimida~'.~.ole rn .Ben~111=,­
dehyde;. 

\7heeler Emd B:r·nutlecht, prepare the l-phenyl-2-thio-

benzal h;~rdantoin 1}y the irrteraotiori. o:i~ monophenyl tetra.hydro 

imidazolE: and benzri.ldehy<.1e in the preeo:a,~~o of sodium acetate 

and glnciti.l acetic acid. The product obtained vms a yellow 

crystalline substance \Vith a mexiing :point of 204°,. It was 

·thought that this same condensation rcoa.uct of t!~e imida-

zole and benzald.ehydcj ought to be obt~"dned withou.t the· in-

terventio:n of sodium .~cetate end glacis1 acetic s.cid,. To 

determine whet}ier or not this methoO.. would be successful, 

three e:ce.Ds of mono :phenyl tetrahydro imioazole were heated 

with a slighb excess of benzaldehyde at a temperature rHng-

ing from 1500 to 1700 for some length of time. It was 
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cooled and alcohol was added. ~he exoess benzaldehyc}e vms 
~\ 

dissolved and the crude product v:hich remained was :purified 

by several crystalliza:tions from boiling alcohol. Yellow 

crystals separated out and melted at 204°. There is no doubt 

that this compound is identical with the one described by 

Wheeler and Bautlecht.1 .t~o estimate of pe:roentago yield was 

made. The only purpose of ~Jhe experiment being to determine 

whether or not condensation could be brought about without 

the aid of sodium acetate and glacial acetic aaid. 

~ydrolysis .Qi ~ Imidazole Condensation Products~ 

\Theeler and Brautlecht desulphurize 2-ethyl meroa1)to 

-3-phenylbenzalhydantoin by boiling tt with a. mixture of 

alcohol and concentrate~ hydrochloric acid. digesting on 

a steam bath for a number of hours~ evaporating to dryness, 

washing the residue with ether and crystallizing from alco-

hol, 2 · 

This same method we.s tried with the ethyl-and methyl-

meroapto derivatives of l•pheny12-thio-4-enilino methylene-5 

5 kato tetrahydroimidazole but no product was obtained in 

either caseo 

The hydrolysis of the ethyl mercapto compound was at-

tempted as follows:• 2 grams of the ethyl-mercapto compound 

in alcoholic solution were refluxed with an excess of ·con-

l Am. Jour. Chem,. Vol.45, p.448. 
2 Am. Jour- Chem. Vol. 45,p. 456. 



ce1rbrated hydrochloric aci(l t::bouii t-~·10 hours.. r_i;he O<lor o:f 

·of abont ten minutes anili::ie vfn.s teztccl for w:i:th bleaching 

po\7der solution, but none was fauna, showing tho the ~err-

'TPC J:f .u.... 6 ·5 chat.i~ hail not been acted upon. Tests :for aniline 

vrnre nmd.e f'~tom ti 1:1e to ti :~·;e in the course of tho reaction 

but none -.. v2s dttecteci. This was evaporated dow11 and a 

gmmny su.1)stanoe obtained.. ~'his \Vas vmshetl with ether and 

treated with alcohol, but only negative results were ob-

tn.ined .. 

~he methyl mercapto derivative vlur:,; also tried tn the 

snme way, bu.t no ijosi-tiva results we·x·o obtained. 

Thj_s sane method. was t-ried upon the 1-:phenyl-E-thio-

3-lHmzo~tl- 5-keto-te·cTahyd!"oirtddazole antl its condensation 

J?roducii with diphenyl formamidine. In each case tha odor 

of ethyl 1)cr:.zo£:te v~·as noticoubJ.e., but again there was a 

:frdlu:co to b"ote:.in ~my su1rnt~mce capable of being cryst!:.1llize1d 

a.:nd a:n.o.1 y z c d,. 

rei:>etitioYl ·of the experiment. 
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