
u#



N -*>H

I C-Hi

(I)
SUMt/LAiaC.

x'h« following reoearoh was carried out 
primarily owing to the interest of ttte oanpouwAs.

obtained in 1920 by Moore and Doubleday frora 
t}ie viewpoint of the stereoehcaistry of
the nitrogen atom,and the lack of knowledge .
of the simple derivatives of the tetrabydroqu-
'inoxaline bases, and consisted mainly of
attempts to obtain from tetrahydroquinoxaline
bases of the above type, iJ where
a,b, and e, are carbon chains.

The diregt condensation of tetrahydroqulk-
'Oxaline with other substances was investigated
A compound of the desired typo was obtained

a H —  (.#»
 ̂ * tUt

obtained, examined and identified,
The failure te obtain a similar austion 

with otlxer reagents was attributed to the 
presence of two reactive imidio hydrogen 
atoms in the tetrahydroquinoxaline molecule, 
and attempts were made to replace one of these, 
with a less reactive group.

This was successful, and .
, / - î '  r i ^ - r  f Y  T



f t :

a:5?

isy

were obtained*

The next step vae to substitute for tht. 
imidio hydrogen atom remaining in these 
compounds a carbon ohain containing a reactive, 
group, and after a trial experiment giving

-  «41
, five of such compounds 

^  ^  CntMxtl.

were obtained*

The next stage» more difficult» was the. 
elimination of the laaotive .group first 
substituted» so that the desired condensation 
could occur* T%Kls wa s successful» and in all 
cases the toiuolsulpho £<roup was removed from . 
the molecule; the two cmnpounds

CMx

« ; Z .
were obtained. It was found impossible to 
bring about tlie desired condensation with 
either of these compounds; all attempts to 
cause them to react resulted in the loss of 
carbon dioxide irom the molecule*



(8)
In t io other oao tiio oubaequent condensation 
oecurrcd eo readily after the removal of the 
toluolaulpho ({roup from the molecule that 
it eaa imposaivie to isolate the intermediate 
products. The two cot^pounds

ware obtained an-i identified.
Thus three new empounde of the type

(V —
0̂  /■ -ixere a,h, and o are carbon 

ehaine have been obtained, identified and 
examined, and a method of preparation of such 
corapounde worked out. In addition, j^rivativee 
of totrahydroqulnoxaline and its methyl 
derivative in which another ,roup has been 
substituted for one only of the two imidio 
hydrogon atoms Ixave been obtained and 
examined.
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HISTORICAL AMO IWJlMgggOMT.

Ih<? flrsi nrtrjculations as to the atercochCElstry

of nltrogsn oospounda wor* put forward by Taa t Hoff

in his Anaiehton ubwr Organische Ches.l9. In this,

he assuced that a tervalent nitrogen compound could

be represented by a plane f o m u l  a, the three atoRS

directly attached to the nitrogen atow and the

nitrogen atos allying in one plane. For peatavalent

nitrogen compound», he put forward the cubic

formula, in which the nitrogen atom was represented

at the centre of the cube, and the five atoms

attached to it at- five of the corners of the cube,
Sras sketch

She reason for the first of these formulae

was tl'.at no stereoisomera of nitrogen were known, 

and the plane formula wan the only one which did 

not demand any isomerism. She cubic formula was /i 

derived from the facts thSt peatavalent nitrogen 

coRi'Ounds were usually prepared from tervaleat 

compounds by the addition of two more radicles,.one 

usually acidic and ioniaable. She three radicles
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present in tho tervalent compound were roprcsentad 

by a, b, end c, and were supposad now to havecbewn 

displaced from the same plane as the nitrogen atom 

by the differences between the two added rad ides.

Thus a change of valency direction was assumed 

to occur in the passage from torvalent to psntavalent 

compounds.
Unlike the tetrahedron theory of the valency 

directions of the carbon atom, this theory of the 

stereochcElstry of nitrogen was not put forward to 

exdain an existing isomerism ti.at could not be 

represented by any other forr-ulae. The formula for 

tervalont nitrogen was based on the absence of any 

atereoisoEiOrs of this class.

If « first doubt was thrpwn on this supposition 

only a very few yo$^s^later, by the discovery in 

1883 by Goldsclitidt and Key or of an isocar o f 

bensildioxice.

Î0 explain this and the other sici1er isoceric 

oxicqs which were roon after discovered, Kantssch
i*y

and Werner put forward in IRWO their celebrated theor; 

that in a tervalent nitrogen compound the three 

atoms attached directly to the nitrogon atom did
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not nocesnarlly lie in the race plane an the 

nitrogen atom. Il.oir naggcation was that, in c-rtaln 

cases the nitrogen atom Right be at v*-© corr.tr of 

a tetrahedron, and the three attached atoms a t  the 

three other corners, but they did not claim that 

this was the invariable arrangement.

This theory satisfactorily explained all the 

known casts of iooRorlom, for instance the sx iatencs 

of two bensilnonoxiccs and three benaildioxlE.es, and 

rabidly gained ground *n opposition to the theor- of
(i)Auwers ana Keyer, that this IsomerinR was based or. ; 

the absence ^f free rotation between two oir.g ly 

linked carbon atoms.The isonert.^ai of the cxinos 

corresponded to the gaocetric isomerism of %, ,* wxt 

mal Tic and furn uric acids.

Kuch rc;earck was stimulated the theory in 

the next few years, and many attempts were r.a d: to 

resolve substi^d SKRonias into optlcnl isom*rs, for 

while isomerism, uaessociated with optical ac tivity 

was capable of explanation in terns of structural 

cher.istry, as opposed to stereochemistry, isomerism 

associated with optical activity had been found only 

in the case of stereo!sonars. The resolution of any 

of these compounds would be additional and conclusive
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prr»of of th» Hantasch Serscr hypothesis, and would 

•stablish the stereochemistry of tervalent ni trogen 

Attempts to resolve a great variety of nitrogen, 

ba:es, thus ben»yletfcyletr,iae, %— tolyl hydrazine, 

and tstrahyiroquinollne, with active acids, failed i- 

invariably.

During the same years, beginning in 1891 with 

Label’s resolution of methylethylpropylisobutyl 

arjr.oniufc chloride by the action of pencillium glaucut 

many successful attempts were made to resolve
A

qulnquevalent nitrogen bases containing one nitrogen 

atom attached to five different radicles, notably
(4)by Pope and Peachey. Alternative structures to the

Van t Hoff cubic formulae were ]<ut forward for these
\

coc.:>oun.d». th« ato»» ^

Attached to were arranged at tUQ cornera

of tha figura obtained by placing two tctrahe ira jt' 

witb one aide of aach suporpossd over a side of the 

other, and Bisohoff suggested that they wfre at the 

corners of a four sided pyramid on a square base, 

in both can?» the nitrogen atom being at the gcore uric 

centre of the figure.

». - Attempts w'?» madr to find the Isocexs

? I ^
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predictod by these theories by their exponents,

until new light was shed on the subject by the

resolution of methylethylaniline oxide, in which two

of tho valencies were attached to the one oxygen

atom# This Justified the supposition that four of

t: e attaci ed radicles wore grouped round the nitrogen

atom, giving a tetrahedron structure similar to that

of a tetravalent carbon compound, and capable .of

giving stereoisonerldes possessing optical activity, 
as in th? case of the carbon compounds, and w ith

the other valency direction less fixed, and with

the attached _r^up outside the other structure.

The failure to resolve tervalent nitrogen
%

was inconclusive evidence; racemlc com%*oundo might 

be formed, hydrolytic dissociation of the salt might 

occur in cryatalliration, or most likely of all, the 

change of valency directions in the passage from t?r- 

-valent to pentavalent nitrogen during salt formation 

might affect the result, liany experiments were carried 

out which should avoid these ^ossiblc causes of 

failure, but no por^itive results were obtained. -

A few cases of isomerism were repotted in which

' A
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khe Isor-crism win apparently dus to tervalont nitr^^gsn 

Ladcnburg a suced that the change of stilbaz oline 

to isostilbazoline on heating, accompanied by a change 

In optical activity, corresponded to a difference in 

configuration, the hydrogen atom attached to the a4r 

nitrogen atom wandering from one side of the ring to 

the other during the transmutation.

r,) =  ew.
Groschuff discovered two forms of tho phenyliso-

-cyanate derivative of a-viryldlacetone nlkar.int

H
In all these cares, the possibility^ of

( O
structural isomerism was not excluded, while Jonop
t'
proved that the two isomerides of the compou nd of

m-A-xylidine and acttaldehyde obtained by Kil 1er 
C7)

and Plochl tn 1!̂ 96 w rc structural isomcrid cs, one

possessing a ring and one an open chain formn la.

These results were difficult to reconci le

with the Hantasch Werner theory, but at the s ame

tine, this theory was confirmed by the isolation by
(p) ûjvhcal.

Hills Slid Dsin of two^^lsoRcrides of cvcloho xanonr 

d-carboxyllc acid by resolution with Rorphins or
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quinine, thus establishing a case of definite

stereoisomerism which it was difficult to exp lain

except by the Hantasch Werner hypothesis#

This was followed by the resolution of the W- 
benzoyl and the semicarbazide derivatives of the same

(19)
acid by Hills and Bain, and later by the reso lution

of pyridylhydrasone of cyclohexanedithiocarbo nate
(SO)

by Hills and Schnidler., (9)In 1919g another advance was made by Hess, wko

was able to show that racemic methyl isopelletriene

obtained from isopelletriene of pomegranate was stereo^

-isomeric with the racemic compound of methyl

conhydrinone obtained synthetically. This work was

typical of the lines of investigation that we re being"̂

pursued at the time by workers on the stereochemistry

of nitrogen# Since all the previous known cases of

stereoisomeric nitrogen compounds contained the nitrogen'

atom linked to a carbon atom by a double bond, which

fixed the directions of two of the nitrogen valencies,

attempts were being made to find cases of ste reoisomerh

among tervalent nitrogen compounds in which s ome of

the valency directions were fixed by the nitrogen f

forming part of a ring. Hess was successful in this.

In the same year,



(10)
lleisenheiter publisK'.d the result of his work on 

quinucliûin'' y  .

(Ht

in which the directions of the three valencies A-

of the nitrogen aton were fixed, but was unable to

rosolve it. Finally, in l9r»Sj Keisenkeimer, after a

great deal of time had been devoted to the subject, (11)
announced that a-yniietric satur^d tervalen t eê

nitrogen can give rise only in very special cases,

if at all, to stereoisomerides.

In 1921, a new ty-e of nltropen conpoun d, b^aes

of the ty-»# W  where a, b, and c, repr esont

different carbon chain structures, were obtained by(12)
Koore and Doubleday , who discovered and i nvrsti- 

-gat'd the compounds

In the light of the previous introduction, e 

interest of these compounds from the standpoi nt of 

tv? siercochemiîitry ©f tervalent nitrogen can b® 

onsily seen; all the valency directions of two 

tervalent nitrogen atoms are fixed, in a compound
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containing no other active groups.

Before attempts were made to resolve these 

compounds into stereoisomers, further investigation

of the group was desirable.
%

In the first place, the properties of t hese

substances were abnormal# Thus, although the bases

were nearly colourless, and dissolved in benz ene and

nitrobenzene without changing the colour of t he solven

yet in dilute mineral acids they dissolved to give red

solutions# Their salts, and also their compou nds

withmethyl iodide had a red or reddish brown colour

both in the solid and in solution#
(13)

Then Meisenheimer had been unable to obtain 

corresponding compounds when starting with te trahydro 

quinoxaline, instead of with the methyl 

tetrahydroquinoxaline used by Moore and Doubleday#

Further, very little information on the reactions 

and simple derivatives of the tetrahydroquinoxalinf's 

is given in the literature, partly because of their 

great reactivity, which leads to the formatio n of 

complicated mixtures, and partly because of t he 

considerable labour involved in the preparati on

of the tetrahydroquinoxalines
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theia»9lv98. TLla »%v@ aaothçr raaaoa for. 

undertaking th* work described below.

BzperlQ«nts along tho following lines 

were carried out. ^  ..

(1) The coadenfation of o-aror.atic diajsiaes 

with mesoxalic and acetone dicarboxyiic esters 

was investigated, to obtain oxytetrahydro- 

-qulnoxallneg which could be used for t! » "

-reparation of oxygen containing bases.

Condensati.vn products wore obtained,' 4  

but of a type unsuitable for the urpor# in

A' A,4,

-/> f- . ̂4:

View.

(") Expérimental^details for the routine 

pretiaration of tetrahydrequisoxaline required 

for (5) f a n d  (5) aere worked out. '

(3)Hoorc and Doubleday'swark was repeated, 

using tetrahydroquinoxaliae as «the original 

compound, lleisenheicor^s results were found 

to bo correct: thus^the behaviour of ® -

tetrahydroquinoxaline and of its methyl, A
. A -  ' - Vd c o m p o u n d ,  under the conditions used, are 

4 . : quite different.  ̂"4 V :
y A" \ '

(5a) Grlçnard^a reagent ttas in ah at ten t
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-ML
to foiTJL halof'ïn compounds for ?mbaequoat

y
roacvloû with haloid compouadr: this was aot 

succe mful.

(4) The coadcasatsi tetrahydroquinoxaline ^  

with substaac'S c .ntalning reactive groups, ' "
V

other than th @ used uador (S) was invsstigated. 

Reaction occurred ^nly with a&Laldehyde and
,V>'

cLIorofornic enter.

(5)Tflo results obtained under (5)and (4) 

indicated that the reactions gave rise to 

co&;>licatod and mixed ^roducta, and it ifas 

thought that this might be due to the reseace 

of two v?ry reactive -KH- grou s in the

riginal compounds. Keissnheisor had- already, 

attenpiRd to obtain a mcoobcazoyl derivative 

of totrahydroqulaoxallRe, in tho h^-p* &f 

getting sinplcr reactions by using the

conobenaoyl tetrahydroquinoxaline, co talking
65)only one -.«K- group, but stated that under

\
all the coRditiaas used. Le w a K;£at l̂e oaly 

to isolate a diboazoyl compound. /

It has, however, beea f?u!id possible to 

prepare beth monobeaseyl and monotoluol- 

-sul%*ho compounds from tetrmhydroqulaoxal^ae



J4-
aad from RetliVltctrahy'droqu noxallno.

lining ; ethyl iodide, it w-.a found 

passible lo replace t: e romaining m i  die 

h droA^n in tho r.naot'luolsul ho compour.ao 

with r^ethyl, and cicn, by pllmina>icn »f Ll c 

toluol5Ulp;o gr-̂ up, to obtain % rr.?aomothjl 

tetrahydroquinoxaline, according to the 

reaction»

%
^  Cki

rsH-

AttOî.pts were then r,mde to prov cd 

along this line by substituting the imidic 

hpdrogen i n . the nionotoluolsulpho eompouad;' 

by carbon chains containing a r-^activo proup, 

so that aft?r elimination of the toluclsul-h© 

group, further condensation to give Gubs^aaoos 

of tKe 4es^-5d cyp© could -cc r.

h :. X-h-Y is a compound with a carbon 

chain R, and two reactive groups X and Y, \t 

■-ZS h' oJ to bring abou? the following ion 

c-f reactions
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“ 't w^  -Rif.

Attecx'ts '>ere c.a<t« to bring about the 

first singe in M s  ; rrics, the reac-v or.
t t t >  •

\ R y

with four classes of substances.

(a) r>\nce r.ethyl Aodlde ave the ' ethyl 

oerlvate very snslly, various dialkyl halides 

were tried. Ih'̂ ’sa included :/"tliylone diiodide, 

othy'oic d ibrr>dde, tririot] ylen# dibronide,

-\nd Lrirrothylene chlorobronlde; none of t'teso 

nubstn .ces r-ould react ^ixth .he r.oaotolxiol- 

-sul ho c n.pound.

(h) Attempts ethylene clilorhydrin ' -re

also unsuccessful.
(c) s^nco tetrahjdro uinoxcline reacted 

r ad ly with chlorofomic cs-er, niter: ts wore 

.ado vO get this to react with the 

.onot ;lu IsuXpke derivative. These were succ^;^ 

-ful, i.nd both



\CH%UN ^
Coo 6f tooEfc.

-.•ers obtained.

It was not found possible to bring 

aiout chc corresponding reactions with 

chloracctlc estor; with bronaestlc ester, and 

tore violent conditions, a little of sn 

ester was obtained, but not sufficient for '

further iaveetigation,

(d) Chlorncetyl chloride and bromacetyl 

bromide both reacted in the desired way with 

the ttoaotoluol sulpho derivative of 

totrahydro^îu inoxalins, and the former with the 

coaotoluolsulphs derivative of methyl 

tetrahydroquinoxaline. Thus the fcllowing

compounds have been obtained

y <

'C0CH,.C1 CoCH,tl

It was also discovered, that while 

broaac^tyl bromide would react to glv#
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abovo compound, whan équivalants wore ulxed 

in bonaone solution, oacess of brosac-tyl 

bromide .n the absence of a'solvent would 

r'.KOve w'.. wolualsulpho group froa tho r.oso- 

-toluolsulpho derivative of tetrahydroqu noxa.liae 

and jet not give the aibronacetyl nrivatève 

f tetraliyâroqu noxallne, 'ilthough thèS' 

rivât Ive could j" obta*nod by the action 

.f brocacctyl bromide on tetrahydroqulanxaline. 

This icacti a was investigated.

Ih'' next stage was the re oval of the t 

toluolsul ho group faon the cotipouads obtained 

above, t: ■ desired reaction being of the type

a : r  - CCÎ
This was acc. mpllshod in the case of the 

-svern, and the two compounds
NH'CM.

%  ir„ ***< NCoo E%r Co d Efc- •-rcrs obtainad, m d  ident fied.

In ii r jn * r ti î cMoracetpl and 

brncacctyl corpounds, tho t lunlsulpho .^mups 

•cro climinbtod, ut a further condensation 

took place, sa that it was not possible t*
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■.y,
i- 'x\

isolate tke .onoohloracstyl and bromacotyl 

tetraliydroqu’.aoxal ines. la the former ca e, 

however, the presence of thn r-oaochloracotyl 

cotrahydraquinoxaline among the rsacti«a pradacta 

.as established by the fact that the reacti-a 

product contained no sulz^hur, yet ?ave with

P— toluene sulphachloride sono of the coEocuad-

CK.

^CoCH.tlwhieh could only have ocoa derived from
a

M
ÇH,

CotHĵ Cl
Ü. " third stage in tie series of react Idas 

as the condensation of there csrivativos of

th - .etrahydroquiaoxal -aes to ti.e compounds 

of the desired ty-'o s k

It w-i - f u-.d imible to briar this

about, in the case of the compounds

tHv

' CoOCiHf Co o
These cun-’O-unds were very stable: thay 

could be distilled \nchan*ed, and did not

CxHc



aîe-̂ ÎL-l : hos-Jiorus rids, n-diuR,

r vhjor.jl w’-’r^rido; r;acti:n ozïy occurred 

wic'i tLe d r.ryptir;- of the who Is ;.ol-cul«. 

AttOEpt* 1.0 J.ydralji'P the -cters a d ahtaia 

Uis .orrsspond.r.g aci s were uaauccossrul ;

"Uhs îp^IscuaOO —aï'.j.-a di..jvi«-S

.and "svs t'.o '.stranvêroq'; noiaXines s.~'-in.

On hs other hand, It !. • beam ntatnd 

nhove than it was i-.ponsib’s to isolate th® 

.-.onochlora^e .yl end u nobro&a -tr% â«rivatè»eî 

of tho tovrahydrootiinf xali-.fïs ns furUi^r 

cnadrnsat'. n t ->k pin % -;o re dily: th’s 

vOOiioasati - a v • of the d r'-tr-d type, and the

coîi:>o\*rkda

CjtT "̂ CCfj-
k A ' , c « .

ere rbt%Tn-d ,̂ r:a*?:?n d.

r row o r, f this

boe% cbt-rn^d rv t):e Uroct - 'tt n f

on nlcoLoHlc crlut'ra of 

ï,etr&-ydre  ̂ s an owa to hrve

Kn constitution

■r '  .
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, 1 %  - ^

#

Thus three n*"W cosLpound» of the dn^alrod
\ . .A

type vei'O obtained and iavostigat-d,

(p)In view of the roEarkabls differshee in■ .- u - ■'■i
' ■ j

behaviour between tatrahydroquinoxallne and
% P » C * ’f  )

Ita tothyl derivattva ref rrod to abovt. It ' .. 

appeared denirable to iavestlgate o t h T  derlvativ# 

of the -iubntance, lo obtain mu^h d*r vatives 

t is necessary to find methods for produetag 

ar laatic dlanines of suitable conrtitutioa in 

quantity. Bxp'Timeats on the préparation of 

l.n.dlaninod. 2 hoxy bnns-n® and of l.S.dia^.ino 

naphthalene were carri'd out, but tho line if 

work nn given up in. favour '>f thosr eeati »ned' ' 

above b'.fore : atisfactory ro suits had bsea o ' 

obtri a d. Enough à ne to shew thatt 

•i, - uh xy t^^trahydroquiaaxwliae could be obtwia^d

bu^ only by ft v ry Isibori-us Troccss*
» - ' •

. m . .  ‘

- - A,- ,; - <"L . ....

r?.;-
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(.1) She cjadensation of X.rs. i.toluylen® dianlae 

inth -îcctor.oùicarboxL’llc e s te r .

Ï5,f, i:'.s# vfsa rraursd "-p In. a r .o r ta r  i t h  

a l i t t l e  w a te r a d g la c -.a l a ce t c a c id  (3  d a .

f tVe acid to 1. ol. u' the bare.) le 

' roduct s?a- htstpd with a large amount of water 

and filtered hot. Acetone dicarbox.lic e-ter 

(Inol. of cater to 1 nol. of ba e) aided, 

and aufficis t alcohol to note t’se whole

homogeneous.
Aft or iitar.ding several hours a white

precipitate had appeared, which, after repeated

récrystallisatioas from alcohol pave a purs

product Eciting at 250 C.

Analyses.
FoundÎ— G " 4 K "*5̂ .,10.

C64.7^- H f.O? rt 10.3^

Calculated for

c rA. 7% B e.nof n 

itiiifi fortiulft i; thftt of ft COR R

p ro d iic t f  one i<. I f îc u lî ,  *?>f * ' wi t h  one 

-oloculc of cater hv clli^inatic^n of one r.olecxxlt 

of ^fttqr of "thyl alcohol*
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likely schene of the reaction is

* ' NHj, "
rtM ̂

^  H,« 4. C,.,-»- *

glace that corresponds to the usual type of 

condensation between an aromatic o -diamine and
Cu).

an ester.
(2) The condensation of l,3,4.tolyulene diami ne 

with nesoxalic ester.
the base was ground up with a little water 

and and glacial acetic acid ( 2 mois, of acid to 

1 mol. of base), and the whole heated with a large 

amount of water, and filtered. Mesoxalic ester was 

added; after standing for some hours, the lig ht 

yellow crystalline precipitate which had been formed 

was filtered off; after several recrystallisa tions 

from alcohol a pu e product melting at 174 C was 

obtained. Thifj crystallised in light yellow needles.

tin
y
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Analyses.

Pound:. C 62.4% H 5.3^ K 12.3%
H 12.2%

Calculated for 0 H N 0 :•tl t« 2
G 62.07% H 5.17% M 12.97%

Ihis formula is that of a condensation 

product of one molecule of base with one molecule 

of ester by elimination of one molecule of water 

and one of ethyl alcohol.

The most likely reaction is

and the production of this compound is again what(21)
is likely to occur in this reaction.

Since in neither case did the reaction give 

derivatives with the two .«H. groups, according to 

the scheme

y y  y .

C d



1.0 further c.îîiden.rsr'.l; 1 as f this ..ind wore — r 
attempted.

( ) R utlae method Ccr the preparation of 

tctrahydrequin-aaline. -

2he starting cat-rial uned wns 

o-nltraniline.

(a) ?' a r>durti n of o-r.t vranillae ts 
o- hanyleae diamine.

A mixture of o_ i .rani' m e  (200 -r?.)
<tou.

-. turaiaga (C:o grs.), Iron ill%à

(200 prs. ), c&lciiua chloride .rpctal.s (73 'r.n.),

ar.d w^t, 1.(2 >'.roa>, as L a.ed uni r a

ref:u% tendcns-r in the presence of a st-adv
(4)

etr-ac. of ' y rogea s I p M  e .
Aft r ah-e t two heciratthc r-ductlon wan

c r.p? -to, '• hewn by the ab.: cr.ce of colour

in the condenser.

1’. ' reacii a mixture was filt red, end

th: iron sluftpo .sh d. The combin'd filtrâtes

Wer- acidified with strong hydrochloric

nc id (143 . cs.), and evarora ed to mailer

bulk. A*f r purification bp boiling with

animal harcoal, the solution wr.3 evaporated

until crystals '̂ re ..eyosLt'd, uid then Uie
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hydrochloride of o-pUenylene dimnine was 

precipitated by chc addition of excess of

concentrated ydrochloric acid (2?0 c.cs.),
\

o.ttd filtered off after cooling.

Ihis hydroch-'-oride was dissolved in the 

l a s t  a ount of hot water, and the ba-e 

precipitated by the additl n of a alight exceas 

rf strong caustic soda solution. The 

<_ph ayl ae diamine was filtered off af^-sr ' 

cooling, dried on a porous late, and purifi-d^

by distillation. ' •
'

The avrage yield of bass was 70% ;f a
» V- "  -very pure com ound.

(6) Tha nî the vric.al aitolu^l

sulpj'fi cofepounti af o-pheay^lene dianine.

ïhe k%3c was dissolved In tea ticiss its *  ̂

weight of pyridine, and p-toluene sulp? ochltoride 

îs.o2.*̂. to uol« bâse) whs edded gredually 

th'- t'Ep'-ra.ure being kept below 25 C.After 

standing for an hour, the a lutioa .ns heated

a a wat?r baih for two hours, cooled and
f  _poured into an excess of dilute.hydrochloric



aa & solid, which wai filt'^red, ash-d

with hot wat-^r,aad dr ted in the ^t^amovon#

Further purification vas seldom n^ccs3?rj|
%

t M r  could be brought about either bj
"g

vrystaXlisation fro.n glacial ac tic acid, or 

by ccr.ver ing the rti .otance into its sodium 

salt. The latter was dono by dlssolrlf.g the 

0 bcuanca in a e:nd?ra'.s a._ount of hot water 

woatairii“.g about an equivalent aco nt of

caustic r?o4?: in solution, filtering, and
>

adding an excess of strong caustic s da solution 

On cc*oling, the nodiun salt crystallised out.

This T^alt was .thon dissolv d in water, and 

poured i to an excess of dilute hydrochloric 

acid, when the pure derivative w s precipitated.
- ■ .■:> . " a

Ths yield la .this reaction was practlca’ly
V

the-jroAical; substnnces wxo la the forn 

qf a m r l y  colourless crystals, melt lag at 202* C

(C) Zhe conversion -'f the ditoluolsulpîio 's

derivative of o-phenylene diamine into the 

dltolu IsiOi'Ko derivative of t'trakydroquinoxalii



.
é

îhi reaction was more difficult to bring 

about.

The derivative of the o-phenylene diamine 

was heated under a reflux condenser for ton 

hour* with aproximately the equivalent amount 

of ethylene dibromide, and an amount of 2H 

potash solution exactly equivalentto the 

dibromide.

The solid product was dried in the 

staamovon, ground up, and he'ted repeatedly 

with dilute potash solution until nothing 

more went into solution, as shown by the 

absence of any precipitate when the potash 

was acidified.

The product was a light brown powder, 
melting at 168"c.

The usual pield wa. 70%;

T:e remainder of the yield was regained
9

from the alkaline wnshinge as the unchanged 

diamine.

.J
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(D) 7Î ' hydrolysio of tUo dlt^lu'-lsulpho

a

»

derivative of tetrahydroiuiaoxalis.0.

Ihla X th® Eort difficult stage ta the

ayntheais, alnc* although the hydrolysis Is
- ■ ' ■'i

readily brought abaut by a-aas of strong

sulphuric XG Id under strictly drfiaed coaditi#W

the icolatlea of the product from the sulphuric\

acid solution in good yield is not easy.

;s= Tts d'rivativa (100 grs. ), in a finely

!OWdc-r®d 8 Late, was added slowly and with

stirring to strong sulphuric acid (lif c.cs.)

; The tea-ncratuf e was kept be&ow 25 C; - s- '
After standi'.g. in a dsasicator for 24 m 

hours the hydr >lyei8 was complete, as shown 

'ey tie absence of a précipita e on adding a 

drop of t e  sulphuric acid colution to

water - ■
The solHti'.>a was then diluted by 

pe-rlng Into <ater( 5?P c.cs.) kesptsg the 

tSEp rature below 85 C. The solution wis 

filtcr'-d. ■
♦ V

Shis solution 4̂'as t'..en made alkal ine. by

%

r/- ' "pouring iato îtii excc-s of strong a t:pnlm, m.i.

.m -
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À@@ping the t«K3 -rature below 25 C.%1ont of tî.e 

tetrahydroquin xaline was precipitated and 

could be filtered off. A little ooré coulÆ 

be obtained by extracting the filtrate with 

other. Ti e b-re w?is purified by recrystallis .ti >tt 

from c. mixture of 2 -i&i-t- of alcohol to 1 -part"I
of ether.

The tetrahydroquinoxaHne obtained by t» is 

method a ‘.he form of light brown tr ntals
, ' V,' .

-Itlng t96 07 C.

f. ... /'-I

; . .

' ' ÿ§̂Ê
.-■ *h r-

%TX:
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(3) T. 5 titi n ;f Moore* anâ D«>nblo4a;̂ *iî 

work, usine tetrahydroqulsox%lln@ %s tl& 

original cnxspoun4.

Equivaleats of the bn^e and of methylene 

dliodido vere dissolved In aleohol, sealed o f  

I n  a  ) u a r d  glass tu b o ,  a n d  heated to 3 0  C  

for severr.l Lours#

The contents of ti e tube were acidified, 

azd nxtr ctcd with ot!hOr. i»considcrablo amount 

f unchanged dliodide was obtained# ^

Th.# acid solution Tin nada alkaline with 

aiuEionia, and extract id with benaenej unchasf-d 

b so was obtained, and a little of a d*irX . 

2;>liâ, tnaolublî la bçr.aars, wa left. ' - -

Tlic *xp-rlm*at was repeated at higher
' V

t««prraturas, bpt, âlthf ugh a little Et»r»i f
"  • --

the dark solid m s obtaia-d, it srac v-ry pclat 

iRotin, aad c Hid mot b« work-d up. - .

Exp®ri|ionta o r  the sane lia-s scsi-e mrird, 

without a solvent ar.d with hente-.e as a solvent. 

AÎÎÎO with ethylene dibrpmlde, trimtt: ylene 

i’fchronide and trii ethylene chlorohroAide in 

.,}i,e place o f  the methylene dliodide: but \in no 

case could a cecdensation product be isolâtrd.

■&
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jLuund It no. siblç t « r$ Ixef

tL? imid : G dr jf ca of t^trohydrocarbnaalc 

to  g ive  t :  « r . b ’rnsoyl o r-ouad, r? tbo

following reactions,

ox.."w#%

w :?
iŵ î

-1.ere w- t).uJv r. possible tty that

L:it ‘ccur

coires ending r: act in with tetrahydroquincx^&lir i
:^M

.hViS A '
^wvV

a

N-'tU^

aiMh-c«i
I

RH CHi

^ ' CHj.

-as3 lut on

- a d :, anc* a n  a  n t  o f  t!.o 1 ,rl. o f

baso to ""/.olSe of the 1' » cony oi nd ), c: ̂ rn >lv d 

ir. dry '̂ ther, w b aided slowly.

Kffîîrvnscence occurred in t c c Id. -nd 

n solid separated; • hen no r;orc ethane -as '
AVAR n n iner ̂ *>v mn In" i m«



-cq- ■;
caolcA, and mathylsne diiôdldç (l aol. to 

\ i.ol» of base ) a» added. Hcactlcn occurred 

witL tho fornatln of tarry products from vhxcL 

nothing definite could bf? isolated except a 

anall quantity >̂f the oriyinal base

In the hope of getting a simpler reaction 

by Lho use of methyl iodide, the oxp^riKcnt

/ WiS r»p»;atod, using an saount of aecKyl lodid- *
5u ficicnt to give .he dimethyl ^  rlvtte of: \
tlie jnse, in the place of the methylene 

dii dldc, but again no d-fiaite product 
could be isolated.

(4) The condensation of tetrnh droquinox lin 

with other i^ubstancea.  ̂v

Kany. experiments wer«^\r.ad« to effect 

C3r.3er-«atl n between tetfahydro-uinoxdline 

and ac-.ane,'b.asaldeKjde, Esaox-.l’c ester, 

acetone dicarboxylic ester, cMoracjtlc ?«;% r 

and ckl<r»cGtic scid, using acetic ncld and 

:4?-.rldine as coadens/.Xlng agents, ard ' 

carrying aut L e ?xp ritisats in both aqueous 

nnd alcoholic solutions nnd.In the absence of

a solvent, but la no cnj@ ■»aa there nay evidence 
of reaction.

T-g

a*

i

-I
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«30- ■v .4.'
m -  I -1 --r;' mc<5ù«î4çhydç ^a« add«d to ao alcoholie 

solutl a of tctrahydpoqulaoxaliae, rcactlqs 

occurred almost immediately with the formatioa 

of a light browa precipitate.

This subiitaaco was found to bo v*3ry spartaglj i 

soluble oven ia hot alcohol or ia ligroia; it

dissolved quite readily in beaseae, acetone

and glacial acetic acid, giving in the laot

case a red solution, but in no c%re could a
.

.->■ .i

M

recr:stallisation be effected.

The substance was j-urified by repeated 

washings with hot alcohol, and then 

precipitation by ligroia froa a solution in 

either benaar.e or chiorofora.

la this may, a light brown uicrocrystalllac 

substance was obtained; this had no definite " 

melting point, but decomposed at about 230 C.

In appear-.nc® and pro -rties it closely
' X X  ' ■ q
resenbl-d the c-Epouads obtained by lîoorft and 

Doubleday; .hun the substance was basic, and 

diesolvod ia ncida giving la each case a rod

J3

solution, from which the base could be /

prrci"it&Lod by alkalis.
Siacc no d rivatoa of this b%sc ai. '--1__



_s$_
with p* toluene solphochloride, acetic anhydride 

or benzoyl chloride could be obtained, it was 

conclyded that the substance had the constitution 
expressed by the formula

a

t'" CHt
1

The formation of a nitroso compound, giving

Liebermaan*» reaction# can be explained, by analogy
(17)

with Dr Wkiteley*s results in a similar case, by

the entry of the —NO— group into a para position

in the benzene ring#

Analysis results#

Pound:- C 75#3% H 6#9^ K 17.7JÎ

C 75#6ÿ H 6.9% N 17#9^
Calculated for C H N

iC
C 75#0l<f H 6.81% K 17.58%

The constitution of this compound could not 

be regarded as settled until molecular weight 

^determinations had been carried out, since the 

properties obtained could be given just as easily 

by a compound in which one nitrogen atom of a 

tetrahydroquinoxaline residue was linked to the 

nitrogen atom of another tetrahydroquinoxaline, —



t'**-sau

Meisenheimer found that the compound * f

passed on heating on a water bath for some ho urs,
yellow

from an almost clear, feebly liquid to a solid, 

from which a white powder with the same composition 

as the base, but with its iodine all in the ionisable 

state, was obtained.

He concluded from its properties, although he 

did not give the results of molecular weight 

determinations, that the compound was

rather than
CH

The results obtained for molecular weight by 

the depression of the freezing point of a solvent 

with tho compound obtained from tetrahydroquinoxaline 

and acetaldekyde agreed closely with the results 

of Moore and Doubleday with the compounds described 

by them.

Thus, in phenol, a dissociating solvent, the 

molecular weight obtained experimentally was that 
corresponding to the formula



• —33—
while in benzene solution, the molecular weight 

obtained experimentally corresponded to the double 

formula

These results show definitely that the substance 

can exist in solution in the form of the simple 

molecule, which must therefore have the formu la

Results.

Phenol.Depression of freezing point observed

/ 0.450 C 0,523 C 0,638 C

^ Calculated molecular weights

169 ' 175 158
. -  ' ' ; .

Benzene Depression observed
- ;■0.671 Ç 0.725 C O.BQo 0

Calculatoc- molecular weight
* h

339 345 3?6

Molecular weight of 159

Chloroformic ester, added to a solution of 

tetrahydroquinoxaline, caused an immediate precipitatior 

of a light pink powder, not obviously crystalline, 

which decomposed in tie presence of moisture to a 

brown oil, with an acid reaction.

A portion of this powder was analysed for
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f
CHl' N 

Cl H
T h i o  cot. o u a d  s c  .ia b :  c x p ' c i ' d  te- e*„,Coo£v

unstable, n:.d Lo give en.er A "
Nf'̂ rtC. co

.

far chlar^ao b. %rc&ting a woighad n-.^unt of 

it \/ tu aodiun carbnate salutl :a, nd extracting | 

Lie alkaline oulutl n with :th'r before 

cstlmatinr tho chlorine in u * usual way as 

Oliver chloride.

Anginal c.

? %nd G1 19.4%

Calcul it d for O i‘ i» C G1 :-/V 2o 1 if t
G1 " -.2 y

G vine to tie diff icult ? ?s if t: r analysis, 

th^s r nult, together with t e pi’-ip-rtiee n " 

ho substance, v s taken ns evidence ir. support 

■f tLe formula ^ c^oEb

Co o 6t-
roafily. fh" brown nil, obtained trnn the above 

substance, iS too unstable for distillation, 

and could r t be purified In a y other wtty.

Xx. decooipos'̂ d v-ry r ndllj Into 

trahpdroqu noxaline, ; t'un a solution in dilute 

'p-drnohl.nri? acid, cooled to 0 C, gave with



_ K _
sodium nitrite r: lnt«r»n o e nitroso c- ouad 

of totr*ihvdroiiânoxalino, w: 11a tetrah^droquln 

x%] lae Itself obtainnJ frnm all 

to hydrolyno ü.\

Tkur, S ' f%r an ^vt û-'ncç goGs, it

a rears ti it an. acaitlnn con oundCoO0r

Cl H '‘ CooÇr 
0 formed, ifhicr. _ ?o: lly loses hydrochloric

H

K
aci : Ï.O girs

X  Al C CKt

'' Cooer
whU'h would >J0 cx?cetcJ to break down, both n 

acid "nd in alkaline s-^lution to ^ivn the 

orlrir-%^ bnn>e.

t'! : ox;- ri nnt " •’" th ' ‘tra" "--m :i. no^.allnn 

descrih d above show .hat .;he' rnacti n dr-̂ s 

‘̂ccur t all nt’̂reon t in nuhntan e and nnot er 

contain ng two reactive s conplic.n od

“r.d tai'ry products arc f-irncd, nd txcopt in 

the cnre of ti&r . oaction w.th acotaXdahydo,

It ^as never found possible to Isolate from

I - Tê ictx >n mixture a pr >duot in which tho 

W o  nttro£'^a t<ms had been linked up.
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third eh.lo. It tin.» tectt» »»«» » « »  t»', ■“  

ohfld. il r«.dltl». o r n c n d ,  i. .hidh ... -.:

„t f  r lr.lro hT.rdgrr.» »f t.tr.hjdr<.T.i»o»1 i f  

rrnltddd »J . tronr .tlch . » l d  tr r.»h.«d

,»r th» d«.»td l -irt. hjdrae»» W  »tt. .«.jÿ' 

r,jl»«d h» . trddP hdltthl. fer ,uh».#',ttt^

, "iitlif formation. ' : 
-„.h =..;.»«ha» .»r. dtt.lncd » t » « » «  •-.

.1) Bodohmtojl tttr.h;4^T'i»tt»'"it-
üir.=. Hel.ih»*'»»-’ t»d h,-h .«thld t= 

„»t.l» thi. tdt'düdd h! dlrsct dCtloh, th -

, t t « . »  t“  »-*“  _f *“  ,
OriihUd r.w'ht. 1" th. h»=n.r «.=d h,

.ht.lh th. ».h.h«,,l d.rit.tlvi ht

VswaUyâxocarbaaolo* ,

' Tcvrattydroiuinoxaliû- ( ^aa aâàsd

t» a solution of naGr.^aiwi iadldo in dr.

-oth.« (liaol.)t and then bonaoyl chlorid*
é - V;' /

(Inol.) was added. i ^
A .-.uhstanoe noltinc at'200 C eftcr 

recryntallisntion from alcohol was obtained.- 

IKio was found to be the dihsnaoyl derivative

is

af the base.
■ 0
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2etrah.ydi’;>^uincxalin9 was di solved 4a other.

It! caustic soda solution (Iwsl. of alkali to 

Ircol.of base ) was added, and thon benzoyl 

chloride (Ir.ol. to Inol. ofbaso )dissolved in 

et).er. Iho whole vas vigorously shaken, nnd 

left to stand for s o b © ho'.rs.
2t e ethereal s lution was then separat'd 

off, dried with anhydrous sodluà sulphate,

and the other distilled off. t \
Ihe substance obtained did not give a 

tost for tetrahydroquinoxaline, and after two

r o c r y j  tallifsations from ale hoi a product -
•  '

j-Qjjginj at 150 C wp.s obtained.
Ihis substance was in tie forr. of light 

crystals; i« dias'>lved r adily In 

ether, acetone, bonze'e and alcohol, and was 

not precipitated froa its solution in beaaon' 

by ligroia.’Che substance dissolved in cold 

concentrated hydrockl rlc acid giving a purple 

solution; this solution gave an ineedlate 

preplpitate of a nitroso compound, when sodium , 

nitrite solution was added to it at Q C.

4-*.-
-
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Ihe nitroso crni. ound of the stbr.tancc . 
F.eltci atl3B C , st:d gave Liebcrmann'a tost,

-h : final r.r̂ iof that th* con our.d obtains 

•'•.s tS -■ n,or.obcnao; l c wapinnd of tetrah; dro-uin 

oxalîne was yivsn by th: anal sea.
Aaalysca.

Found;- C 75.9? H r.l? N

X 11.9'^
Calculât d for C I! M 0 ;»

(Ç IS- Î
C 75.58? H 5.93W H 11.77?

(2) Koaotoluolsulpho tetrahydronuinoxnlias.

Zc V.' ahydr : ; u i aczal 1 ne was dissolved ia 
-cn tinea its weight of pyridine, and p-tolucne 

snlphochloride (1 nol.t: 1 nol. of base ) 

added slowly, the temperature being kept balow

25 o. Aft'r being left to stand for soae h urs

tic solution 'as poured into excess of dilute 

{.ydrochloric acid, * l.on red crystals wore 

p ecipitated. Ihose could be j ecrjstallis:d 

fr E alcohol or from a nixture of benzene a d  

ligrc'n.

r: e Tecryntallised product Rcltsd at 

130 C, and th* crpntals w r e  coloured red.

:,1



The y el ' • ,10? of the theoretical
t

yiold for t a monot"luolGulpke compound.

TLo subslwance rran vcr^ sparingly s lubl^ 

in water, fairly soluble In ether, and 

soluble la acetone, benzene, and alcohol.

The rubptaace dissolved in strong 

h^d.ochloric acid; -ith sodium nitrite 

solution, the acid selutiongaye a brown 

precipitate. Shis as a nitroso con ouad, 

melting at 110 C.

Analyses.

Pona*:- X 9.99? S 9.9%

:;alc!iTafd for • 0 H x 0 S :-If '6 a 1
;i 9.95?

!hiis the substaac® Is

In the same way, the monotoluol sulpho 

compound of the methyl tetrahydro^uinoxalirj 

ivms obtained, and found to be a similar r-d 
:rysInllln? substance, molting at 131.S C.

Thf: solubilitirs of this substance 

w^ro similar to those of the monotoluol 

sulpho derivative of tctrahydrequinexaline.



Anal
Pound:— h mSp 

Cliculal-l for "

X 9 . l g %  

r.,u U.c suosvaccî ia

a

\-

.

A wcr: then ns’l: to re 1 -ceth#

i®aair.ir,c liJ4ic hyaregcn in V  -n- ««•• 

i>y ar.otî-'-r grsup.
(a) Exprrir-snto with nsthyl iedido.

tho -onoVoluol nil- ho car.fiownds -i' c found 

to 'is rorc maotiv® with ethyl lodido than 

tho h.aa*?h CO .'ound; thus all the aubocqueat 

work van don® with th? fc-rEer co=.?vundn.

Xhc foil wing conditions w-rs found to 

be the bn.t for re-.cti n between .etVyl 
iodid® and t;.? n notolu ?>. aue-.ho d rlva»,lv. 

of tetrahydroquinoxaline.
35 n nonotol»<olsulpho crnpeund was

b a t e d  w,th an cxccns of .ethyl iodide under 

a roflux condenser for several hours, ^o-ping

ti.- solution b lling.
a .rwmtall.iR® hydrolcdld® s'pernted out
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aut, amd %'is fxlt red off. îkis dif?solrçd la 

alcoiiol, and a light yellow crystaXlino solid 

we precipitated from this solution by the 

addition of caustic solution to the hot T' -

alcoholic solution. These crystals were 

filtered off af er cooling, and recrystallinod 

from alcohol.

The pure p oduct consisted of light yellow 

crystals melting at 131 0. Although the ^

melting point of tîe product was alnoet 

identical with that of tho original compound, 

tho substances w^re different, sine*- th*; 
molting point r>f a mixture of thé original 

substance and the product was 103 toIlO C.

Also th" prodrct w^s much, more soluble
\

la Uj'drach oric acid than tie original substance, 

and gave a lipht yellow platlniehloride, H  

while the plat ill chloride .*f the originfil 

compound difficult to obtain.

The pioduct rav3 no nitroso compound. 
Analrsis. ^

-5=J - ■ ,

"A4! Pound:- H 9.3% N 9.3%

CAlculawed for C H ÎI 0 S
' .,vO: >t a s.

u 9.25? ^
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Thus the compound is I L  ^

An attempt was then made to remove the 

monotoluolaulpho group from this compound, and 

obtain the monomethyltetrahydroquinoxalineo
The compound (2 grs#) was added to strong 

sulphuric acid (3 c.cs.)# After standing for some 

hours, the solution was poured into water (15 c.cs.) 

filtered, made alkaline with strong ammonia, and 

extracted with ether. The ethereal solution was 

dried, and then the ether was evaporated off.

A small quantity of a yellow oil was obtained, 

which darkened in ÿhe air# This oil was soluble in 

acids, insoluble in water or alkalis, mixed readily 
with alcohol, ether, benzene and chloroform, and 

gave a nitroso compound. In addition it gave a blue 

colour with dilute ferric chloride solution. In 

all these circumstances it was identical with the 
âdeatâoal-. monomethyltetrakydroquinoxaline described(7)
by G Ris ,

With.the sane coaditions, the nonobenzoyl

derivative of the tetrahydroquinoxaline did not 
all react with methyl iodide, and the product 

obtained was not easily crystallisable.
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Til'? “O oîbxlity of t' c flcsir d s^rios ef

(N; /\^NH- tHx
1
<HuCM;

\
K'i

a

HH~ O 

s
-RI

h'-ving byen thu? rétabli?} ?ü, il- fnllowing - 

ir rk u.'on t.1.0 - Is 1 ko ci., icnd of

.za’abydroqu,r.oxallne .%n ; a m * à  out.

(b) .ith ùlaîlyl Lalid??.

; 1) : ; . r.ow. jl-n: dli diüe. '
:  ̂ ._ : . n o 1 3U' ha csmpouad ?a3 dt salw

il b*nz-ne, and a little ECtîyles® diiodidc

s-itiod. After standing far s few days, no 

reaction ;.as occurred.
In a second «xpnrimeat, t'-o beaacne 

solution of Iks monotoluol suljho compound 

vfas hosted to boiling with th* iodide. Again 

ao reicttoa occurred.
the monotoluol sulpho compound vas 

heated with an excess of tho diiodide to various 

ceti'craturcs, finally te the oollir-p *oint of 

vhe diioUidO; thon a tarry product vos abtsiced,
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froB which only the original compound could 
be isolated.

Iho same result was obtained when 

equivalent amounts of the two substances were 
heated together.

(2) with ethylene dibromide.

Similar results were obtained when

the same series of experiments was carried out 

with ethylene dibromide and the Eonotoluol 
sulphe eoBpeund of tetrahydroqu noxaline,

(3) with trimethyleae dibromide.

Similar results were obtained with
trimethylene dibromide.

(4) with tricctiiylene chlerobrccide.

The same serion of expcrimonts was

carrird out with the above compound, inthe

hope that better results night be obtained
• /

in the case of a substance in which the two
■

reactive groups were dissimilar, and night 

be supposed to have a different dcrree of

j-'" 3a

: . reactivity towards the iaino group.The

. results obtained were oiailar to t W s o  nrevlousl
' l i s i ' ho?ovor; no any reaction w r e

ebtalncéuucdor the conditions wn^d.



(c) vflt’i. ethylene chlorhydria.
(2)i'clannhelRsr -nd Wi j@r had able

to bring about a rc'iCtlon between thi- 

substance and bsaaiaidaaol followsj-

a;> 4 :: ̂  0:.:"
ixpcrir.ents ve. c tried, ir.tthe hope of 

bringing about n sin lar react ion bet-'oen 

ethylene chlorbydrin and the monotoluol st»l.-ha 

con ound, using tho conditions given by them.

-he co-otoluo? na'-ht> ccnpound 1,

IR a finely powdered condition,' was shaken 

for 48 hours with ethylene chlorhydrin (1 aol. 

and H sodium hydrate solution (Smols,).

No reaction took place.

The toluolsulpho cor. nuad ^ss heated for 

54 hours with an c .^sss of the chlorhydrin,- 

but again no reaction occurred,

fiquivalenta of the two substances were 

h^aucd together both in beaaca- solution and 

in toluene solution to boiling for a few days 

but a;.ain there were no signs of reaction.



V r-,- <-\

:-. •**■ -c ./ ' '- J r
(d) with halogen esters.
-T • " ■ .. _ ■■-■'

(1) With chlorofonaic ester.
m  ■ ■ • ' . 'The Konotoluol sulph© cnapound'of ,#;i
tetrahjdroqulaoxaljLnc (S sals.) was disaolrac

in beaa^no. The eater (1 &ol.) was added, 

arid the solutioa left to stand for t; rea days# 

Crystals had separated out, and or 

filtration were found to consist of about i 

half of the Ku»aotoluol sulpho coB^pound taken, 

in the form of a hydro chloride# The morot^uel
ejL/y7U/î̂ [̂ytx4Â ? ^

sulpho^could be regained from this, by 

dissolving the hydrochloride in alcohol and 

prtciritatlng the monotoluol sulpho compound_ 

from this solution by caustic soda solution.

■ The original beasene solution was >, 

heated, and the beaaene evaporated off, when 

' - a brown oil was obtained,which solidified
A'

Rfter beiag left in a vacuum deastcatopfor 

a few days. Subsequently, the filtrate could
V -

J 00 made to crystallise at once by acratchlag
i

it up with a crystal from a previous exporliaeat^ 
These crystals could be recrystallsed ; 

from alcohol, when white crystals melting at

_ . ^ a  J,

s



as c. were obtained.

TLese cr:':tal5 w re vç> Y 3olublo ia met yl 

alcoholf bensene, chloroforr. and et! er, and 

L.oderately nolubl© ia ligroia.

Analysese
Found;— N ^̂ .1̂  î» B.lJ!

Calculi av6u for G H M 0 S ;—lo % : 4.
N 7.Qi

Thus the subauaace corresponds to the
. f u ̂ ^3 faruula ^ M,

a '' Co o Ci_wf

Since the csaetioti in the bsnaeae 

solution «as m t  complet# for four days, th# 

oxp«riB«nt was triad ia dry ether soluti on; 

but an the ncnotoluol sulpho compound was «9 

such less soluble in eth«c than in benseae 

the reaction was slower, and a very large bulk 

of ether was required. The same reaction 

occurred, however.
Kxperiiaents wvr. also tried at higher 

temperatures. The monotoluol sulpho comi>ound 

(Imol.) was heated in benmen# solution for



aine hours with the chloroformic ester (1 mol.) 

During this time, hydrochloric scid was 

evolved; the benaeae was evaporated off, end 

the solid obtained and crystallised as before.

The reaction was complete; thsse wore 

the beet conditions when the substance was 

required quickly.

The same reaction occurred between 

chlorofornic ester and the monotoluol sulpho 

compound of methyl tetrahydroquinosaline.

The sulpho compound (2 sols.) was dissolved 

in benaeae and the chloroformic ester (1 mol.) 

added. In thl^ case the reaction was quicker, 

and was complete in 24 hours. The précipitât e 

of the hydrochloride of the reaotoluolsulpho- 

compound (1 mol.) was filtered off, and the 

filtrate evaporated; the residue was a brown 

oil, which solidified in a week to light 

crystals. These crystals could be 

recrystallisod from alcohol, and from ligroin, 

the pure product melting at 1^6 C.

This sol d consisted of white crystals,^ 

readily soluble in Bay of the usual erf^anic



,01... , «A-,

.Analysis.

Pound N 7.52^ N 7.5J{

Calculated for G H N 0 S :•ta a ̂
K, 7.49%

As in the case of the tetrahyiroquinoxaline 

derivative, the reacté&n could also be brought 

about by heating together the monotoluolsulpho 

derivative (1 mol.) and the chloroformicester 

(1 mol.) in benzene solution to boiling for nine 

hours.

(2) with chloracetic ester.

Experiments w^re next tried to obtain the 

corresponding compounds with chloracetic ester, but 

without success.

No reaction occurred in solution, or wh en 

the sulpko compound of tetrahydroquinoxaline was 

heated to 100 Cwith an excess of the ester without 

a solvent. When the sulpho compound was heate d to 

140 C with an equivalent amount of the ester, 

decomposition took place, and tarry products were 

obtained, from which nothing could be isolated.
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(?) With broaacetic ester.

In the that the reaction coaid

be brought about with the izore reactive brtwc 

acetic ester, exrerlRcatf- were tried with this.

It was found that a reaction took

place between this ester and the monotoluol ' - ' V,] ■ > - ; 
sulpho COB ouad of tetrahydroquiroxaline of

80 C, the best conditions being either to beat 

the sulpho eonpouad with an excess of ester 

for two days, in the presence of a streaa of 

carbon dioxide, or else to heat the sulpho 

cot'onnd (2 nolr.) with the ester (1 nol.) 

for two days. '

■ Dy either of these Eothods a dark

oily solid was obtained; it was found impossible 

to isolate the ester which it was believed was 

formed, and it was next attempted to hydrolyse 

this substance and get the acid. The solid ÿaa 

heated for 2 hours with 10^ alcoholic (methyl) 

potash. ?ater was added, the alcohol boiled 

off, and the solution allowed to stand. The 

solid that came down was filtered off, and - 

the solution acidified with acetic acid; a 

dark amorphous precipitate was obtained. It
Æ



dissolved in, but could not bo recrystallir.ed 

fruE, ethyl and methyl alcohol; it could be 

proclpltated from a benzene solution by 

ligroin. Aftx this treatment, a very small 

amount of a solid wns obtained, which esltcd 

frofi 140 to 151 C, and rad acidic properties, 

and contained carbon, hydrogen, nitrogen, and 
sulphur, but no halogen.X

2hic c uf.ound thus appears to coiTonpsnd 
to f  e formulacr OOH

X  Tar a- tl 0 evidence goes, but th- yield was 

SO i^oor that it anpear^ïd useless to s end 

furtîvor tine or. the identif ication of the 
TTOduCte
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(?) with acid chlorides. ,

(1) with acetyl chloride.

She aonetoloolsulpho compound of 

t-ctrahydroquinoxalind wss aesnteh J up with 

an. CXC39S of acetyl chloride at room tegperature 
No r action occurred.

Ifhen, hoire’-ci’, the acetyl chloride was 

added to the aul ho compound, and tl e wholo 

bollou for four hours, the two substances 

reacted, and n compound was obtaiasd which . 

consisted of white crystals, melting at ISS „

That this war a different nubstanea from the 

origin^ was shown by the fact that a mixtur 

of the product and the original'compound 
melted at los C.

(2) with chloracctyl chloride.
Th.'" best conditions for th- re ction 

between this substance and the monotoluol 

sulpho dorivaclve of cotrahpd.equinoxaline 

were found, to be the following.

Excrse of the acid chiefide was 

weighed Into a small beaker, and the finely 

powdered sulpho eimpound added gradually with 

stirring, the tncpcraturo being kept below \
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fi—4ML—
25 ü.Th: whole «an left to stand for two days, 

and '.as then treat d with an exc as of water 

to decon.'oso the cxcezn of chloride; the red 

solid obtained was treated with a little dilute 

ammonia to remove tha last traces of the 

chloride, and t' e solid was filtered. The 
solid wan recryatalliscd from alcohol. The r 

-roduct was sufficiently I'ure for subséquent 

work, but a portion was further rccryotallised 

from a large volume of ligroin for analysis.

In this way e&lourtdss crystals wore 

obtainr-d, melting at 101 C.

Analyses»
Found K 9.0% Cl 10.1%

K 9.0% Cl 10.0?

C  ilculatf'd for 0 U iî 0 S Cl î—
n n

;; 7.7% Cl 9.7%

IhUM tL" subntance in

a



In tft? Sana way, t! ? jBonctoluol sulpho 

of methyl tetr'thydroquinoisliae could be 

to react with cliJoracefcyl chloride by adding 

the finely powdered solid to an cxeesa of the 

chloride, keeping tic tenp'raturc bnlow 25 C, 

and leaving the whole to stand. The product 

 ̂as isolated by decomposlng the excess of <; 
chloride with water, and then washing the, -h' 

product with ammonia, and recrystallining 

the red sol'd obtained in this way froa 
alcohol. The roduct was finally purified for 

analysis by crystallisation Trot alcohol

Xhn final nrodact melted 114 C, and 

an in th? previous cas-a SlCfsrcd from the 

-riginal compound by giving no nltroso compound.

Th" yield of thir conp'und was not 

as good as the yl-ld in the previous cs.tc, ,h 

being orly 30% rf the theoretical yield.

Analysis.
Pound S 7.4% Cl 9.2%

H 7.P% Cl 9.1%

Calculated far C H H 0 S Cl
It 1 i

;; 7.40? Cl 9.54%



Thu - th? nubntancc in

- .0 : : C
(3) with bramacctyl broKldc.

Th* 3?slr?0 re ctlon could bo brought 

about between the abov- romiue and the 

Eonotolu »l*ulpVi.f) .derivative of tstrahydroqula 

oxaline only under very nlld condltlor.r,.

The sulpho coEpeund (2 mol .) was 

dissolved in benseao and the brr.dde added,

1 mol. of bromide being added to 5 mol . of

the solid. •
On standing, the hydrobromide of the 

nonotoluol sulpho cor.pot.nd (1 mol.-) 

crystallised out, the reaction being complete

in a few hours.
The hydrobromidç was filtered off, 

and the bonaene evaporated from t:e filtrate.

A brown oil was left, which gave white crystals 

aft*r being hca eU with alcohol. Ihere 

cr,stals were recrystalliacd from alcohol, and 

the pure product melted at 104 C.For anal'ein, 

the substance was finally recrystallised from
T- -



-liEroln. 

Anal v.;i5.
P'und « 7,04% Bf 20.5%

K 7.2% Dr 19.8C?

Calculated for C K N 0 S Br(7 !•] X >
S 5,85% Br 19.54%

The substance did n t give a ni ..rose co 

compound, and thus corresponds with the formula

*'* 'cu..

^Co CWlOtt
Uadur thsae conditions, m reaction did 

not occur between broracetyl brcmlde and the 

Kiaxu>tolu©laulpho co%%̂  ound of the re thy 1 

tê i. ahydroquinexalinc*

In attenpta to bring about the above 

reaction betwf^cn bror.acetyl brocide and the 

tetrahydroquinoxalins, at first experiments 

wer'' tried using more violent conditions than 

those described above.
At first th- conditions vrhi h had been 

.«uccossful in the case of chloracctyl chloride 

were tried. The 'ulpho com ound was added tc 

an excess of broB&cetpl t r o d  do; the ter-peratur?



~ m m - r  *
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rosOf showing than a reaction had occurred.

On decomposing the excess of bromide 

by the addition of water, a dark solid was 

obtained, from wKick it was found lauossible 

to isolate any pure C'iBpound. ■, ' r  '

Next, the bromacetyl bromide was added 

drop by drop to the sulphcv compound, which 

was cooled in a froealag mixture, the 

temperature being kept below lo C. The 

resulting solution was left to stand for a
r

day. From this solution,, a light pink solid 
could be obtained by the action of dry 

?t:.er, Thir was found to be a hydrobromide, 

which decomposed very readily in the presence 

of moisture; with water or caustic noùa. 

only a soft red solid could be isolated, 

which could not be obtained la a pure solid 

form. The hydro bromide was analysed for 

bromine, although owing to the instability of 

the substance, the results were not liktly 
to be very accurate.

Anal:sis.

Found Br i5.£% Br 47.2%
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Then© rcnwltn corren.mTidcd nart clonely 

tu tLù ^ubstmnce

û:
wA'f

CHvN

Cal cul %:. îk fer ü ;% : 3r :- B. 47.15"<0 II 1
% e  suarï a es? t: t cnntaî;^ 3.“y

»ul;:hur; tku% tL::- ozcc 3 of brorcRcetyl 

br Fiiue hmd ; ©placed ti e tsluclaul/ho £;roup . 

by 3©&e etker gruup, app:^rently hj kydrofcn 

rroK tbâ ab©v© ar.aiysia.

I t  b?cr: v o a tc l th a t  no # : , i f in ite  

s o l î 4  c o u ld  bc o b ta ix ie d  f r o : ,  t h t i  3ub*:î.anco 

by the acti n of vravor cr caustic soda, but 

o a lp  a soft r a u b s v a r . c e ,  which, c o u ld  n o t  

W  purified.

A yelipw ar:orphou» subistance could be 

obtained froR elt -r the ooft mu-stance 

r.cntioncd above, or froc the hydrobroizide, 

or iiam tie original reaction product by 

the action of d lute anFionnia.

This substance decomposed, rather 

than melted, from Z20 C to 230 C, nnd

contain'd carboa, hpdrogon, hit open, halogen 

but no aulphur. It wan found to be insoluble



*  ■ - -'«a--—
■- :j

%?-

%In all e ordinary organic solvents, so that 

it waa Impossible to purify it for analysis, 

or to examina its properties satisfactorily.

An estimation of its halogen content 

gave the following result _

Pound Br ^

This corresponded more closely to the 

calculated value for the monobromacrtyl 

compound of uetrnhydroquinoxaline than to the 

value required for any of the other probable 

formulae of the sunstancc, but the value did 

not correspond closely enough for further 

work to be done upon this line, particularly 

as a compound of definite constitution could '̂ 55

be obvsined from brorcacetyl bromide and the - 

monotoluolsulpho compound of tc rahydroquinoxaliac 

with the conditions riven previ usly. >

Since it was very interesting that the 

broBiac tyl bronlde should remove the ^

toluolnwlpho group from the derivative under 

the mild conditions of the experiment, the :

action of bromacetyl bromid<? on

wctrahVdroquinoxaliae was investigated,  ̂vj
r : hxceaa of broKac 5tyl bfociide wao cooled
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by v;&vcr, ar.d f ' nely avd srcd 
t - à. -ru t rjxal v̂ as added gradually,
Kccpinf t:0 whole cool.

After s anding for rover il hours, the 

exccer; of brom do docom-'ooed by the addition 

of water, atill kscying cool. A rod solid 

wAfi obtained, which could be iccrvstallla-d 

from aIcohc/1. The pure solid obtained was in 

tr " ' - m  of ^hitc crystaln, i.elting at 146 C. 

Analyses.

? und 6.1^ Hr 42.

7.r.4 nr 42.5^

Calculated for ***
li 7.45? Br 42.40f

Thus the reaction had been quite 
r.orm' 1, and the product obtained corresponded 
in coin osition and prorcrties to the 

dibroR'-c'^tyl derivative 0 •' hydronuir.oxalin®
Co

U ^CKx

' C o
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t h e  d e s i r e d  r e a c t i o n  r a d  b e e n  b r o u g h t  

about in five cases, nad the following 

c o m ^ ' o u n d n  v r e r e  av% 1% ;le for f u r t h e r  work

' CûOEr (Hyo:
'cooÇf

CoCHt^l
a:?.

CocM^U -

The next stage wns th" removal of tl r 

nonot iHolsul ho group from these au stances, j

in tbe hn;e o ‘ getting monoderivntiv-a of 

the letrahpdroquinoxaltnes containing nn acr- vc 

proup f :r subsequent condensation.

In ench c-'Se, the method adopted was the 

Bar;e, and in each care the hydrolysis was 

brought about ouccossfully.

nub tonce (22 gra.) was added 

gradually to strong sulphuric acid (24 grs.), 

the temperature being kept below 2B C •

IK0 solution was left to rtnnd until no 

milkinoss was produced on the dilution of a 

drop oflt. Then it  ̂ dilr .ed by pouring 

into ^ mixture of Ice and water f l ^  c. s.)



t! 5 'olutir-n f tf.d a.:.leù ts :îi.rr.nj 

3 'lu v lD r» ,  azd. th ?  - rn ^ u w t  i  s i  ts ù  

etthor by filtratioa or uy (xt;me Lion with 

ether r besse-*.

( a )  î l r d r  1 ? i s  £îf

^ Co 0 Ç(r
IT ..'i;:« .f t .43 cospounûg t o

h:'̂ rolyr?.ir̂  wt» c»^rloxo af v^r za h ;ur -nd 

L»lf. Af t<*r tho f!olutiwn h^a ")oon nado

a llrht brown oil wLlch

w%r txtrnct^d with other* drl^d with anhv^rôüo 

sodiwfc af or îhich thfr .?UiT*r
ova;'orâ f:i off.

A l i f h t  brawn i % f *3  o b t a i n e d ,  v h î c ’.

%Tw -îr >r>n* Iv^râ^ea a ad did i; t 

contain nnp mwlpkur. Xt 4*.irsolw^a r^'dll^ In 

dxXut#* hydrochloric a d d ,  gîwing a r?d 

nv'lutiort. Thlo add alutx *n rav ^n 11 -1 h 

alkall.a, and a nitr no cx— with radiuŝ  

nitrite aolution, which âlr̂ o an oil, biit

Li^Va.fcaan*s xord*

Tlio crî i:-.al oil retc olizblc in %:at@nc, 

other, <100Loi,bez%^%e \né r? %clal acetic
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«cldt but insoluble in ligroin.
A little of the ester was boiled in a 

tube, and. found to boil without decoatioslti n.

Iwo crystalline salts were obtained and 
analysed.

The oil was dissolved in dry ether, and 

a solution of hydrochloric acid gas in dry e 

ether added. A pink solid hydrochloride was 

prepicipatod, washed with dry ether, kept in 

a vacuum dessicator, and analysed for halogen. 
A . K a / y S t S ,

Pound Cl 24,55?

Calculated for C H 0 .SH Cl
»• H *• t

Cl 24.24%

This points to the following formula 

for the hydrochloride, although the arreenon 

is not very close. However, the hydrochloride 

was obtained by precipitation, and could not 

be purified as it decomposed- in the presence 
of moisture.

Better results were obtained for t^e 

salt of the oil with p- toluene sulphonic 

acid.

This salt separated out during the



.it
nrermrmtion of the eater, being obtain d as n 

crystalline 3olid or the dilution of the 

strong sulphuric acid solution In which the 

h;,drolysis hat̂  taker, place, This salt could be 

rocrystallised from water, and after this, 

waf> in the form of pink crystals, meluing at 

145 V. The ester could be obtained from the 

salt bj alkalis.

AnalTses.

?ound U 2X 7 #6%

Calculated for C H ^ O  . C w O S
 ̂fY z 2 1 8 ■>

» 7.4?:
This salt thus has the constitution

|V(
" CooG'

The constitution of the ester has thus 

boon shown to be U N ' Coo€f
The position of %' s a:?L?r grour warn 

verified by the fact that the ester would 

give wltk p. toluene nuliiKoclilorlde in excess 

the compound from which it was obtained by 
hydiolysi», showing both that the only actioa



k.

of th^ sulphuric acid during t:o hydrolysis 

nd boon th: ^omoval of the tcluolsulpho 

grou., and that the enter group war attached 

to f  e nitro en atom, si: ce otherwise It 

wo Id-have bc -n po';sible for the p-toluene 

sulphochloridc to React with both nitroren

Cti) Kj«c.l,alo ot xy":,»,

This Kpdroiy.is was ccaplete In about 

tkrae hours.
yhcn t 0 diluted ?olutton Lad .;ecr. made 

alkaline, aao oil wr.n obtained, which was 

extracted with ether, dried and obtained 

from the solution by evaporation of the 

et:.''r. After being left in a vacuum 

dessicator, this oil solidified to a soft 

solid, which could be r^crpstallised and 

obtained as white crystals from a solution In 

methyl alcohol, by cooling the solution in 

ice and filtering quickly.

White crystnls wer^ obtained which 

melted at 75 C., but tended to go soft in 

aao vatw- __________ : '  '
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Tiiîa? crystals w w e  very soluble ia alcoWl, 

beaisao and other, and mad-rately soluble in 

ligruia. 2hoy dlssf>lved readily ia dilute 

acid, being rcpracliiitated by alkalis.

The acid solution -eve en oil with 

sodium nitrit-- solution, which -ave 

biebercann*; test Tor a nitreso compound. 
Analysis.

i?ound ii l2.?,% C H 7,f>%

li ir . .4 f

ünlculai.a for G [{ K CII It 1 1
N 19.7; a PR.4% K 

IL; ^ryg%nla gave a light yellow 

cry talline platinichloride, which was analysed. 

Pound for molecular weight od the 

ba 0 fr r. this analyst» 222 

Jalru? at-d molecular w^'ight of

C H H o  222.PIt It 12
iiiir, ?siabli ;fc-s the constitution of t; - 

:uî> tance as ^

' Coo Eh.
anad, as in tne yreviouo cas#, this constitotioa

..-1



orifi?d Ly fact that the compound 

from which the mubstaaco had boon obtained 

could bo obtaircd from it by the oCvion of 

excess of p-toluene sul;hochloridc, again 

showing that the only action of the sulphuric 

acid had b^en th^ removal of the toluolsulpho 

groupj and that the ester group was attached 

to ono of the nitrogen atoms.

(c) Hydrolysis of

COCH^CX
la this case, the hydioly is was complete 

in about two hours.

After ixaking the diluted solution 

elknltne an oil separated out,whivh was 

oxtracveJ with ethe , end dried*
Frcn this solution, a brown oil Wis cbt 

obtained. The a-iueous alkaline solution gave 

a slight test for chloride, showing tha a 

portion of the substance had been further 

decomposed by the acid.

This oil could hot be purified, or made 

to solidify; it was soluble in glacial acetic 

acid, methyl alcohol, ethyl alcohol, acetone,
a

bensene , chloroform and ether.Although



the oil easily soluble in acide, no salt
capable of rocrpstmllisa ion and analysis was

obtained.
II a existence of tKo desired moaochlor- 

accipl derivative of T,etrahydioiulnoxnllre in 

the oil was o tnblinhcJ, however, by tLo fact 

that the oil did not contain any sulphur, but 

.avc with p-toluene malphechloride the solid 

from which the oil had been obtained by 
hpdrolynln, thus showing that the main acwion 

ef th: sulphuric eld had ©n"'y been the r®aoval

of t\c to2uolsu3. Un croup.
Thus, t: s .'U =HL»nc€ could

CoCHtCl
o-.ly hav- hocn o^talaed froa the substance

'<oewi«l.
vy acLiou of p^tolucuc —ulphowhlortdc*

On standl--c, av«n in a decsicator, tho 

slowly chunked into a urovra crystalllus 

solid. This solid was found to ha an 
hydrocJiloride, and the base was irolated Aro& 

it by pi-aci?itntioa from an -.Icoholi. solution
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of the hydrochloride hy the addition of alkali

Xhl.*} base did aot coataln halogen, nor 

r would It give n nltroso cos^ound with troua

acid.It could be recryatsllised from alcohol, 

although It tended to come out of solution as 

a soft solid, and it was bcsi. purified by 

dissolving it in benzene, and precipitating 

the solid from this solution by ligroin.

2he final product was a light brown 

powder, apparently ar.orphoua, which oloselv 

resembled in appearanco nnd proper.iea the 

bridged ring nitro-on compounds previously 

obtained by Koore and Doubleday.

Zhus the substance was easily soluble in 

acids, giving a red solution.She substance did 

not give a melting point, out decomposed at 

• about 1X0 C.

Zhat it *18 n compound of the derired 
t/PC wan finall confirm-d by analynir.
Anal, s ’ 5.

Pound C 70.1% ft 6.of K 1*5.ow

Calculated for C ft N o
10 ID %

C 69.9% H 5.70? R lC.lt
' - - . . '

.
i

.1:

.333



Ihus, the i.pdroXr-iis *r tl.c co;.-:-un«!
,  CoCUv<-l(XN

by the B%Tont sulphuric acid appears to 

Toll ?w the usual course, tivc

nj .oci.loracetyl derivative of the 
t- rahpdroiûir.oaaline; this ap?«aia to be an 

ell, which decomposes on standing, giving the 

h, drochlori-Jc of the bridge: ring compound

I ' " .

■:.ich is thus a r.oro stable Ruhn ance f. an t' e

r.vr.od-privative
c«i 
CHv

^ tocn%ci
-.f t c t-1rnhydro ou* w otd% i ne. (.W?

fd) Hvdrolysis of /V*^

In this core, t' : hydrolysis wan com-le e

ia about two hours.
Afbsi' caking the diluted solution alkaline

an oil separate:, which wnn ex’.racvOJ with 

eth-r. 2'.-e a lueou.. alkaline nolutl n contain 4
.  " I
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r*orc chlnridG ti an in the previous cane* nhc 

showing tUat any s u >scqucat reaction had 
uaxen place to a larger extent in this care.

A brown oil war obtained fros thb 

ethereal solution, which very soon changed o^>r 

into a crystalline hydrochloride* showing that 

the further condensati n occurred aore readily 

with the derivatives of the nothyl 

tetrahydroquinoxalines, t* an with the 

derivatives of the to^rihydroquinoxalino as 

h^d beeVv Çb ond.
I

Bef re it went solid, the oil ^an ft>und 

to be readily aoluttle in acids,and to give a 

nitrono compound.

As in the previous ca^e, the hydrochloride 

obtained frnm the oil was dissolved in alcohol, 

and x.i - bane precipitated by the addition of 

a solution of caustic soda. \ p

A light browa 8*1 id, a t appRTcntly 

cristallins, wan obtained, which could be 

purified by recr;atalliag it fr » alcahal, 

or by dissolving it in benzene, and then '

*-?'■ ■■ ' rr®6irit*ting it by the ndnltion of ligroin.



üho purifiod product decor.: Dseà %b m t  15B C,

a.d very cl >^ly resonblcd the previous

CO-. > nd, beaiacd freri the tetiahpdrapuinox*^lia«

d'^rivatlvc*

Analr'ùis.

Pound C 70.4?, H X 14.?^

Calcul'iied T:)r C H - A
 ̂It t.

- 7 0 . !i C.a-" X 14,"O?
Ih i r ,  sub ti-un eorrcrîpor.da to  tho

fo r iU ila

"^Gr|p:
Purt!ier ox orimenta were p-rformod with 

this conp -uad ar.d t: s corrgspondir.r. con ounc 

from the previ-un sxpTir.snt, to 

t.‘c- stability of tr.ls type of cos ound.

The cor. iound;; wrr*. not do com oned y tfc' 

action of puoa .norun pontoxidc or psntach'iorids, 

Rir by tJiior̂ yl chloride.
The: would not give derivatives, such a 

would be expected .from substances costaininr 

a ketonlo proup. This pr u’' thus ir? much lees 

reactive In ti-i:- cla.es of cos pound; thro 

would alEort be expected, carr'ai^ond».'g '-oth
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with the toiaaulae, and with the close resemblance 

existing between these compounds and the others of 

the same type previously known, the resemblance being 

both in physical properties and in chemical 

behavsour.
She final evidence of their structure was given 

by molecular weight determinations.
In phenolic solution, the depression of freezing 

point obtained corresponding with the formula*, 

given was obtained.

Results.
Phenol.Depression of freezing point observed

0.73€ C 0.684 C- 0.973 C '
Calculated molecular weights 

186 167 . 151
Molecular weight of ) | ^ 174

Phenol.Depression of freezing point.

0.885 C 0.913 G 0.7rv C
Calculated molecular weight.

201 195 190

Molecular weight of I

In benzene solution, as in the case of the



compound obtained from tetrahydroquinoxalino and 

acetaldekyde, and in tho case of the compounds

previously obtained by Moore and Doubleday, the 

molecular weight obtaihed corresponded to a^n

associated molecule, being twice as great as the
■ '■

molecular weight in phenolic solution.

Results.
Benzene. Depression of freezing point observed 

0,779 C 0,864 C 0,684 C

Calculated molecular weight.

370 385 369

Molecular weight of ^
Benzene.Depression of freezing point observed 

0,618 C 0,794 C 0 .625 C
Calculated molecular weight 

388 379 396

Molecular weight of /i„ # u /me. ’ ion*
-



- K .

 R ( v
(e) Hydrolysis of a,

"  Co
In this cas#, the hydrolysis.was not complete 

for about four hours* and the product was more 

difficult to work up, as secondary reactions took 

place to a greater extent, and the reaction product 

was a mixture.

After the hydrolysis vras comp&ete, and the 

solution had been diluted and made alkaline, a 

light yellow crystalline solid was obtained, which 

was insoluble in ether.

This appeared to be the monobromacetyl 

compound of tetrahydroquinoxaline, but was insoluble 

in the non^hydroxylic solvents, while with methyl 

alcohol and alcohol, from which it could be 

recrystallis d, the solvent also reacted with i i

the substance, removing halogen from it. Thus the 

investigation of the monobromacetyl t*=^trahydroquinoxalk



i ^ .

WS3 left, and the frrt.-sr product iavaatigatod-

This was fouad to be identical in all 

respect» with the p-roduct obtained froi: the 

carresponding chloracetyl onad, thus 

showing f  at f  e reaction Lnd been similar, 

involving ia this care, t* e formation 

hydi'oljrsis of the monobremaeetyl derivative 
f tetrnhpdroquinoxallne, and the subsequent 

condensation of this comparatively unstable 

compound to give the brid ed ring coa.ou d. 

Analysis.
Pound C 6 9 . R f.O? H 1€.0?

C&lculated fcr C H N 0 :•(0 %
C 69.9% B S.79% K 16.1%

The rjta; s in the d e a i r s e r i e s  of

reactions, the cezdo satlnn of the mono 

derivotivof? of the %.otr&hydroqulna%altncs to 

give the bridged ring coi^pounds, hi? thu b? a 

brought about in the cftse if the :chlorac??t 1 

and bromacotyl corcpowndn.
\

luony expert wOntn ^ero trind on the two v 

other dor vatlves obtalnod, the esters



\
C o  Q Ç r  C o o Ç k

in tho hope :>f hr inf inf about % n^milnr ■-

aN
II

CHx

conden.iati n to tho tridfcd rinn con -ounds
CH:

W ÿ ,  lYL .

The entors ’̂rere found, however, to- be

unoxpectedly stable, and no evidence of ths

f ri atioa of thc.ie coinpoundn would be obtained.

Thi? must be rxarded, therefore, no

:vi dcncethat the strain in t!.'nne cor: ounds

wou'd ho - uch greater than in the compounds 
N . /v'^ "CW(

« k L A g / " .
\

which were readily for .rd from v' e mono 

d rivat^ves of th^ tot. ah drciu.lnoxnlir.es,

:iei r raore stable thnn these derivatives, 

whereas m  t! m care now consider:d the 

moAoaortvativos of the t: rahydrcs uinoxalinen 

could :)e obtained, ;ut art the orid ed r ng 

compounds.

In the ca; e f the two frs, t* e following 

rx'crlnents wore carried out, in attempts to



bring t the co densatlon. 

(1) ?ritL

(T
(a) by the act 1'in cf heat.

The ester boiled without a: arent 

change ^r decom^i^aitlcn.

(b) with alknlis.

The estor did n t change when heated 

with alcoholic sodium acetate solution for 

t w o  - a  s.

Xho ootor did not change wh-n heated 

with nyuo)us sodium carb^-ate solution for

two d pn.

Heating the oeter with w'th alcoholic 

Ota h solution for hilf an h ur, deconvoned 

: t into tetrnhydro luinoxoliao.

Adding sodium to aa ethereal solution 

of the ester did not :e om o © the ester, 'ut 

sodium at 100 C ascorn: o ed it into 

toil ahydA'Oiu inox aline.

(c) w :th neidm.

nolling V aolution of the ester in 

dilute acid did not decon:>on^ the ester.

(d) with phosphorus cntachlorlde.



4 ? -
"Ji.9 set'll' WAR not decon os-̂ ci of chan?'cd 

’.a any vny by ths action of Thospharus

l-entacklorid© under any of the folloviag 
conditions.

î.'.a V4 subsinncea wore ner-.tcUed up 

togethor on a watchglaaa, heated together tc 

100 C, and heated together to lOO C, ia solution 

In benzene acetyl chloride op pheaj^horus 

oxychloride.

(o) w th thlonyl chloride.

A benzene solution sf tïi“ ester wes 

chaired when t.catsd with thioayl chloride.

Shan thionyl chloride was 'edto th 

: t-r which was kept cool, the two s^bntancen 

r acted, but as the product of the renction 

contained sul hur, and was obviou ly not of 

f'e do»'red type, it wns not invertigated - 
furt'her.

%:) with wut.i, -("t

a

|V I-Ht

'̂V
w.r/'i . Axh

f S  . _
C00&'

The ;'-ane e% -rii.ents wore tried with 

th .s coK. ound, as with ,:.e foriter.

I e resu'ts ,frre similar, except that t is 

cac. Quad charred when Kept at 100 C for same ^
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h-ours.
(6) gork u/oa other aror.atis ai-*Æt-r>s.

(•) upon 1.7.61amino naphthalene.

Cori-ercial l.S.6inltronn.'hth.aloa® wnn 

•urified 'y xscr:stalltsation from acetone cr 

rlacial aeptio acid.
2Ji* rcluctir-'n cf this com ound, both

V th# met hod used a the esse of '-r.ltraail’ae 
C4)

revioualy, and y the method of Dllnmn and (8)
3or.co-.no did not give a large enough yield 

for thin branch to bo pursir-d in reference

to the work recorded.
(b) upon T d7.diamin& 4,ethoxy beraene.

This b-ae vms first prepared from 

phenacetin by the following method.

(l) Nitration of phenacctln.

The phenacotln (775 ;r=.) was dissolved 

la g'.acisl ncctlc acid (700 grs. ); the tsmp-ratiir 

of this solution wan hcpt slow 30 C, while 

a mixture of streag nitric acid (200 c.rs.) 

and water (300 c.cn.)was added. After stand ag 

overnight, the solution m s  fcured into water, 

and the yellow solid f Itcrcd off and i . A' ;:-



f - .

Shin solid kati the confi'-ltutior.
/\_ HH «otw^ k

(7)Hyûï-olysl» of i'^NhCoch^

above com ouad (324 rs.) was 

dissolved in a small amount of alcohol,haatod 

under a reflux condenser, and t'e nquivalant 

anourt (Ir.ol. to 1 « f
notant, dissolv'd In a small amount of vmtnr 

&d-a, -d the whole boiled f:r an h- ur.

The hot solution wa pour'd into ?• dish 

r;d on cool! g red needles aoparntrT (130 pr ) 

These were
Cl HçO

(f.) Réduction of
GlHç^U-noi 

T!.i con our.d wna reduced hy th® met' nd

us d i" the ca~e of o-nltranilme.

T'e o:. ound was nixed with fine iron

rrtngs, coars- iron filings, calcium chloride 

crystals, and water, and hei-ed In tr as f

sulphuretted hydrogen.
s:.e reduction was ecu.nlete in four hour. ,

V>v!t the yield vns only 40% of theore i-.sl.



T: o a T obtained melted at 71 to 7H C. .

(4) Ir paration of
CK^

TLe bane(3 ^rs*) was dissolved in 

pyridine (30 grs.) and p-toluene sul hochloride 

(7.53 fro.) wore added, keeping tie temperature ^ 

below 35 C. After standing for an hour, V. o 

soluion wan heated to 100 C f r an hour, M  

cooled and poured into dilute hydrochloric a id.

A ta.' i:ar obtai ed, which was dissolved 

in caustic soda, a d ; cured into dilut^ acid, 

vrlvon a brown sol J, which could be recrystallisod

from glacial acetic acid, was obtained.

Thin solid after purification molted at ,*̂1

117 to 118 G.
" - j

Analysis. y'pj

Pound H 5,9? 5.9<

Calculated for C H N 0 5
. 22 ^4. % f ^

N 6.1%
Thum t’e desired compaund

ha bRRS obtained.



into

Cq,H<C>

CvH,
So.,CbV

KA
Thr CO'■• >imd (75 j* . >war ! sa e:- uni r 

a r*,flux'comd.®n?<er witk etî.ylane üi\r@mlic 

(15.14 TS.) caustic notark ( 1?.5- '•rs.) and 

wa.«r (17* -rs.), for twenty hmir».

The slid obtair®a waa fllèsin: off, 

ünd çxvractçi witk notaah, «ntiî .'othing Rore

would dissolve.

A pr duct weigi ing 13 grs. was

ootained.

T B  ponsibillty of getting an 

thoxy derivative of tstrahydroquinoxallne by 

tkîs net' od is tîiu.« dsfi itely established, 

but tî'.e yields were so ’'ad that r.o fùrt' er 

w-'r'c on tills con*'ouRd was at iranted, as t 6 

work on the other line» described could ïse 

carrl"d out Kore easily.

m



Threa :ew compounds of the type

' ave been ropared, analysed, and investi 

nanoly

ft|-> -sC -
Ir. adult ion, a new n©tl.>d for the 

pro. aratl >T\ >f thaae conpoands .froa 

.o Uj •ihydronutnoxalin'’» has been «s^sblJehoü, 

û?% ending on t o dlocovery nf the pocntblllt. 

of o-.talniRc the following dorwat-ves @f f  ~

eti nh' dr■■.» ■!.i.n 'xaline* . „ a»x

V̂l —  C H x  N /  K»14

in which only one of whe -NK- grouoG L:. 
been bloc ed.

The poRSlüiltty of replacing U * ,

ronainiag ir.i-.o i dr on in thomr? cor.notmds 

by a croup c)iain containing rnaotive rrnup, 
and f‘ en ' drolysing t’ c toluol nul pho groan, 

leaving another derivative of t' e

u.‘ah; üro-.;uir.oA--i.lines, with ,ne -,.H- T o u p  

’ heoR establlohcu, and the pro 'rtien of 

theoQ coE.rnur.'}£ Invastigated.
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