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REDUCTION OF DIAZONIUM SALTS TO HYDROGARBONS
VITE AIKALINE FORMALDEHYDE,



TIntroduetion and History

The Teduction of diazonium salts by aleohol
was observed by '~q;§i_eaal ,Y’hﬂ."'i‘sb*f*'i”??Ii'b?n?e#?
from phenyldiazonium salte and dinitrophenol
from :"di@éﬁdi&lii:téph&ﬁﬂl;« »The »‘prnduétian .of the
diazonium group by the a.eticn of alcohol wa.s,
fo:c many years, ragarded as a general raaetmn,
iin spite of the observation of ..‘5’3'??;13"?3‘%;?;:"@:
found that the diazonium salt of chlorotcluidine
gave, not the chlorohydroscarbon, but the
corresponding chlorophenetoles Four years later

Hayduck® showed that when 8~toluidinesulphonio
acid was daazotized, ami the reaulting diazonium
salt ‘bailed with aleohol, phenetolsulphonic acid
was obt'a.ipggl_-, 5

The experiments of B+ and 0, Fischer?
demonstrated that when the diazonium compound of
paraleudaniline wae boiled with aleohol the
three diazo-groups were eliminated with the
formation of triphenylmethanes

However, exauples of the formation of ethers
in this reaétioz; were becoming numerous, among: .

which may be mentioned the cases of m~aminoe
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benzenedisulphonic acidd, cumidinesulphonic acidS,

aminotetramethyl benzene, cumidine’

v ond. 8-
toluidinesulphonic a(c::l)d%: all of which yielded,
when dliga’zotige,du and treated with alcohol, the
corresponding ethyl ethers.
Therefore& the. raaotion with aloohol may
proceed in two Waya. aceording to ‘the equations.
RNgX+08 0 —> RE+CH,CHO+Na4HX (1)

maxwaa 0H —> ROﬁgnsmgmx_ (-

where R denotes & hydrocarbon ra.dical and X an -
acid radieals T is called the hydrogen =°a:°t1°n
and II, the alkoxy reaction.

_ Remsen? and his students made a thorough-
{nvestigation of the-rTeaction:and conoluded that
the second of the above equations represented:
the normal reaction and that the ether was:the
major produst in most cases: The extent to
which the hydrogen resction or alkesy reaction
will oscur between eny diasonium salt and an
aleohol ie somevhat complisated and depends on
many faotor’gé such as ‘the .e‘ha;"aater of the
radical (R)) the nature of the elcohol, and the
pressure g.f. which the react‘i-o;;. is oarrigg_ outs

The substitution of earboxyl, halogen; or



nitro groups in the radical (R) tends to.induce
the complete~eliminationvofntha diasa“group~and
this inﬂuence is greateat when these radiaals
are in the ortho position to the diaze group,
with less 1nf1uence exhibited in the meta
jpos:ltion. a.nd least in tha para poaition ag
uluatmted by cameranm 1in the case of the.
ehloraphenyldiazonium nitrates when he fonnd
that the ortho- and meta- compounds yielded -
only" ehlorobenzene with e’thyl ‘al ebhoi; but vthe
para= m“mpuund gave rise to the formatian oi’ a
:JLittlg ‘prh-lo:qp}zgrggtaleq- m the cese oi" 2y

4. Gétribromophenyfdiaabnium:Bu}f.&?«e‘t the yield -
of tribromobenzenell is 75-78% of the theoretical
quantity; |

| The 'hendency towa,rd the formation of.
hydroearbons is imreased as the molecular weight
of the alochol inereases. Phenyl diagonium
ahlor:lde and sulfate »wi.th ‘methyl alcohol yield'
amiole .88 the sole produet, no benszene -being
fornea?, With ethyl aleohol the ohief product
18 phenetole but & littls benzene is also
obtained. Phenyl diszoniun chloride with
normal aﬁd :isoa‘propyl aleohols yieslds phenyi



propyl ethers but no traeo of prapaldehyde or
aoetone; amyl alcohal givea both pheqyl amyl. ether
anﬁ valeraldehyds or 1ta condensatiau producta;
an& benzyl alaohnl givea benzaldehyde with only

a little phenyl benayl ether13 rxyeeral
behuves 11ke propyl alaahal, nging the mono-
phenyl ether. while mannitol and benzoin are not

iattae&ad 4; ?henol behavea similarly. thus,

18 wa.rmeé with«phenm, aiphemrl'é'therw ia
obta&ned.A In.dtkaline scluticn; however, phenol
gives hydraxyazabenzene; - y L
I such subetances a8 eodium methaxidels‘
sodium hyaroxiael”' , 0% zino dustl” are sdded
o th@ aleohpl, the alkaxy reacticn ig: almost4
entirely 1ﬁhfbxteﬂ -and the reaatibu prooeeda
mainly with the elimination of tha diazcnium
grﬁnp. Thns 1n the case of pﬁtolylrdiaﬁonium
uitrata and sulfate the ordinary treatmenz
with.methyl aloohal reanlta 1n the produetion

of a good yield of ‘the msthoxy product %uth
with the a&dition of . any of the at ave B

'mentionea aubatancea, no alkoxy eompaund is



obtained but the praéuot consists mainly af
toluenel7

whe reduction of diazonium aalta to the
cavreaponding hyﬁrooarban may; of oourae. he
effacted by reduaing agents inatead or alcohel.
Baqmr and Pfi#gingerla reduaed the azazoniam
aalt to the hydrazine with stanaeua ehloride
.and remoVed the BHHH? groug~by oxidation with
bciling‘coppar sulrata aolution. By trea&iug
phenyld;gzonium formate with stannoua formate
aalution, benzenelg'?ggnﬁagether with a 11ttla
biphenyl 18- prnduue&u‘ Reductmon may alaa be
effected by adding soﬂium atanniteal to B
golution of . the d:azonium salt in; sudium
hydraxideg by the. nae of hypophoaphorous anid22
an alkaline solution of sodium,hypesulphitezs
and alse when diazides of sulphenic acids are
boiled with ‘eopper powder and ‘formio acid24

Brewster and Pojez5 reeommended; lnasmuch
as the hydrogen reaction 1nvoived a raductien of
the earbon atom to whieh the diazenium salt is
Jcinad, that 8 reduoing agent stronger than
aloahol should be used and they gave their

results ueing an alkaline selutinn of



formaldehyde as the reducing sgent, IThey
reported & variety of compounds which had
been déa@_mipgtwe'dtf‘;hgyieids of 50~80% as
given in Teble 1.

Tae first chapter of tais thesis is
the result of a series of investigations
to extend ine method of Browster aud Foje
end datermine the limitations.of: their
rgagont for the redustion of diazonium
salig, The e%ife#imé##ﬁlf‘méma" 18 desoribed
by réproduging here their typical experiments

"Deamination of.pv-%lu’idine to Toluene

A selution of 0.5 mole. (53‘5 g‘) of -
to.‘mi&ina 1n }.50 cea of aoncantra.ted hydrm-
‘emarw acid and 400 a0, @t‘ watar wa.a ohillesi
by the addaticm of.‘ 400 g‘ af‘ 1ee and diazotiaed
in the usual. maxmer with 36 Lo af aodium nitra’sm
A aolation af 100 g. of eommsreiaa. sodium
hydroxide in 60& ee. of water was then prepared
aml placecl witn 506 -0 of ahaved 1ce 1nta a 5=
liter flask wnieh wag i‘itted with a maehanmal
stirz'er. The stir:cer was started aud 75 go. of
formann (37% forma}.dehyde) added. The solution



of p-tolydiazonium chloride was then poured im
a slow stream into the rapidly stirred alkaline
solution of formaldehyde, The rapid escape of
nitrogen saused considersble frothing. After. ..
all of the diszonium chloride solution had been
added the stirring was continued for two or
three minutes, after which the s tirrer was
femoved, the mouth of the flask eovered . .
with a wateh glass and; the reastion mixture
allowed to stand with oocasional shaking
for thirty to forty minutes. -The toluene
in the upper. oily layer was then removed
by distillation in steam, separated from
the water, dried and distilled.®. .
This method was f£inally adopted for.
this work after many variations in the. above
prosedure had been tried and the affect
of these variations on the yield of hydrosarbon
had been determined, Their prosedure will
be referred to as the "standard procedure.”
s{;pce a;; the ,oa‘ngp_ounda obtained vy
deamination in this investigation hed
been synthesigzed previously and their



Table 1%

?}él@wpf'pggminated“Produatﬂ’from;p;gZGp@nm‘s§;p§~

Amino eompound

Aniline

o-Toluidine

p-Toluidine

o-Anisidine

p-Anisidine

o-Phenetidine

p-Phenetidine
2y4-Dimethylaminobenzens
p-Chloroaniling
o-Chloroaniline.

4~Amino diphenyl ether

2-Amino diphenyl ether
2-Amino-4'-methyl diphenyl ether
4-Amino-4tmethyl diphenyl ether
2,5-Dichloroeniline’
Anthranilie asid

o-Nitroaniline

m-Hitroaniline

peNitroaniline

X TFrom J. A.C.S, 61 2419 (1939)

Product and % yield

Benzene

‘Toluene

Toluene
Antsole
Anisole .
Phenetole

‘Phenstole

m-Xylene. ... -

-Chlorobenzens
Diphenyl sther

Diphenyl ether
4-Methyl diphenyl ether
4-Mothyl diphenyl ether
p-Dichlorobenzene
Benzoie acid
Nitpovenzene
Nitrobenzene

Fitrobenzene

60

80

80
75
72
7%

65

*‘8. o
50

5?‘
60
60
50
50
10
25
-
10
10



pnysieal aonstants'recordsd5 no=analyseﬂ
were made in thia part of this research.
In all eases, the yialds reported in
this peper for liquid products were for.
the. redistilled produot collected over a
:range of five degreea near the bailing
po:lnt. Fer aolia producta. the yields
‘g;gnga::gwggpats wpgehnhavs been

reerystallized once.
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'EXPERTVENTAT PROCEDURES

Deamination of p-ehloroaniline

-To-study the affeete on. -yield of. hydro&arbon
the variaxien of quantities of. ahemicﬁls used,
aad their order of mixing, on-the method of
deamination used by Brewster and Pojes - -
ohloroaniline was selected s stenderd since:.
they recorded a yield of 50% deaminstion from.
this product and it 'was also readily obtainables
1% wes en emine which, secording. to their..
results, should readily shov an inorease.or..
decrease in yisld of the hydrocarbon reaction
with changes:in experimental prosedurss..

as Time Feeessary for Complete Remction

The method of Brewster and ﬁéje'was
repeate& several timea using 0.5 ‘mole p-
ahloroaniline and the yields of ohloro—
benzeue. boiling from 129~133°.,were 27
to 29 grams (48-52% of tha theeretioal)-

The reaction was eomplete thﬁrty‘frva
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minutes after all the formelin had been added
and allowing the resetion mixture to stand
for longer periods of time did not inoremse
the yield of ohlorobensens.
be Bffect of Alkall Concentration
The procedurs was then repeated varying the

coneentration of alkall wesd. Rune were made
using 70, 150, [and 200 grans of sodium hydroxide.
The yielde of ohlorobengensy bLeDe 12%1&5“; were
a8 followss

grons of HaOHW added Grame of Chlorobensene

70 20
100 28
150 28
200 28

The solution contsining 70 graus of scdium
hydroxide was nenrly neutrasl to litmus &fier
all the diszonium salt had been addeds
Therefore one hundred grams of sedium hydrexide-
sesms sufficient for the resotions

de Bffeot _of Formslin Conosntration

The next test was for the purpose of

datermining the optimum concentration of
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formalin for the reactions These rgg&lﬁs_arehw_
shown belows

ec. of Formalin  Yield of Ghlorobsnzene
40 20,0 grams (36%)
80 2840 (50%)
160 2840 (51%)

dsﬂEffectﬂggzéempérstgre~ggwneducxipu.

To determine the effect of -the temperature.
of reduction on the yield of chlorebenzene,.runs
were made maintaining the: :azgaﬂ;_gng,fpjr;&aup
mixtuxe*g$~£§.~35°§‘and‘56° and these results

are tabulated below.

Temperature of Reduction Yield thchlpygbenzena
0% 27-29 gue (48-52%)
280 29230 gms (62-537)
50°C 22-24 gme (40-43%)

Therefors the best yields are obtaized by
maintaining the temperature so that it does not

exceed 259,

e+ Variations in the Order of Adding Ingredients

The yielde obtained by variations in the
order of adding the ingredients were then
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determined, Addition of the formaldehyde to
the diasonium salt solution before. adding the
aalt solution to the alkali gave yielda
identioal to those obtained with the standard.
proSQG&réc Additionféf.ihéualkaiiibolutioﬁfto
a mixture of the diazonium Bsalt. and fonmaliu .
:greatly reduced ine yieldzgiving yields of 16-
16 grams (27—29%) nf &hlﬁrobenzenas jﬁygj?
adding the diazonium ealt aolution to tha
alkali followed by aﬂﬁ%téonzpf.ﬁhﬁa?ormaliﬁ-tﬂ
this mixture, gave ylelds comparable to the
standard procedure {48«52%).

variatian in Acid Used- R
Subatituting 350 grams. of 407 hydrobromia*
‘acid for 150 ce. hydrochloric acid in the

standerd prosedure: gave identical yields of
ehlorobenzens to those of the standsrd
procedure while equivelent quantities of
nitrie acid ggvéj@nig‘n;@g&t;y }qﬁér1y;¢i&§fm
“The effeot of ssetio aoid on the reastion
was alé“'dete”mi“?d‘ 3?"9???,‘??uf?”??F?¥“n
towards“the,formation bt;diaao-&mino'aampuunda
during diazotizatian inoreases in using an

organie acid, and Cain in "The Chemistry of the
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DiézoﬁcbmpauﬁdS“ states that if two and a
'half equtvalents of acetiw aeid are
auhstituted for the aame equivalent quantity
of hydrachlorio aeidg in,the easa of aniline
anky about twenty yeraent of the aniline ia
sonverted into.the diazontum salt; the
aiaéotisatiéu s eomplete only by the. use of.
aleven equivalents of acetio acid‘ Tharefore S
for this experiment, 330 00. of glaeial geetic acid
were “??F?f"“ “Bven '_gi';hf.th:;_a 9.“8’??'“?5’“ ,";f: : gcgtie
a0id some diazoanino, sompound was formed in
the Aiazonfum salt solution as evidenosd by
the slight ye"l-ibﬁ;*f ::pteéipitaie! formed. The
qnantity ef sodium hydroxide was 1neraaaed
to0 260 grans, - The yield-of ehlorcbonsens
by this method was only 7-10 gms. (13-18%).
Replacement of the p~chlorodiazonium
ehloride by the sultate reduced the yield of
hydrosarbon as Brewster and Poje noted in the
0a30 of the p-tolydiasoniun salt, Tho use of
the sulfate salt redused the yield from 48-52
% to 35-40%, The addition of excess sulfate
fon by the addition of 1 gram mole of sodium
sulfate further reduced the yield ;61’ ahlaro;
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benzene to 30-357 which is -similar to the

results of Brewster and Poje.

g+ Influence of Other Jubstances.
A8 previcusly mentidned, addition of

£ino dust to the aleohol inereased the yields
of hydrosarbon when alechol was used as
reducing agent. Addition of.zine dust and:-
Bodium stannite to the alkaline formaldehyde
414 not inorease the yield of hydrocarbon as
was also reported by Brewster and Poje..
Using the ®standard prosedure® various
amines were diazotized and reduced and the

results are given in Table 1I,
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TABIE IX
Yield of Deaminated Products from Di’.@zggim Salte

Amine Componnd Product % Yield % Yield Literature

A;kalina in Mtu Modif’ia«-
?orma.ldehyde erature ation

Amino p<Xyleme (p-Xylidine) p-Xylens 85

m-Toluidine- Toluene 80

0-Ethylantline Bthylbenseno 65

p-Bthylaniline Bthylbenzene . 60
p-Amine-Diethylaniline methylam line 5‘3
4-Chloro-2-Aninosnisole 4-Chlorosnisole 52 ,
p-Bromosniline Bromobensens 50 68 . Al
'-§p~ch19rogpi;1:aé cm;grqpqﬁzene B0 754649247 plo
p-Aninobiphenyl ‘Biphenyl 46
°~Amin°bipheuy1 __Biphenyl 43

peTodoaniline ~“*“  fodobenzene RO

Ae~= Bthyl Alcohol
Bywe ?5.6% yield from znuchlorophenyldiazonium nitrate +
Ethyl al.aohol. _

9247% yield from meChlorophenyldiazonium sulfate +
Ethyl alechol.
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TARIBE IX ((Cont'd)

2¢5-Dimethoxy eniline peDimethoxyaulline 20

B-Hapthylenins Bapthalons 10
2p4=Dimothyled-bromoaniline 3,5 Dimetuylbromobenzens © N.T.R. ¢°0

o »Fapthylonine Hﬁﬁfh&l.&:;& T  HoYuRa pea
Bonsidine Biphenyl 5 60,80~85 poR, Q'
pesminchenseis noid Benzole weid 20

pedmine agetanilide Acetenilide 18

psinino sthylbensonte Hthylbenzoate 18

pefmine soetophenone Acetophonone 2

Arsunilis Asid Phenylareinio scid 2.6 80  B87
peining bonsophenons Benzophonons 1
244,6eTribromeaniline g«Tribromsuniline 8 78 Al
2,6«Dibromoed methyl aniline 3.5-Dibromotolucne B  ¥.¥.3, ASSsR¢
3,5+Dibromowdwaninoenisole Js0-Dibromoaniscle B
B,5-Dibromo=2eaninophenctole Ss6-Dibromophonetole &
244-Dibrono«Genethyleniling 35«-Dibromolusne 7  HY.R, 059
3y6«Dibromo=2eaninosnisole 3;6«Dibremoaniscie 8

HyTuRew 10 yield resovded,

Cowanan Gteam distilled BCL ealt of auine,

Dewwess Onleium hypophosphite ond oulfurie acids
Ewewwss Jodinm hypophoaphite and hydrochlorio scide
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55&3&53&3@3& -

Ia the axmrimntm}. pmmﬁura, tzw wamxl
pxacau'bionn wera obsemeét. The aiwomm aealt solution
s alkalina formnldahyde mxtuw was aamz.l:r
:a‘.t.l.owea tc set for twelve hanra bat’nre stean
é!ntinatian to insures eomplete reaﬁsti&m Such
precausuanu a8 &iasottsiag the <« and B=
nepthylamines, and bensidine at 10° rather
than at 0° « 2% ns 1s done for most amines,
was obscrveds For substandes like o« napthyle
aminey the sodium nitrite was added all at
onsa, taking esre to have sufficient ice ;a the
solution to preveént muoh temperature risa,
vhioh prevents formation of diazoaminoe
eompounds

In most eases thers was a smooth evolution
of the nitrogen as the diazonium salt solution
was ndded to the alkaline formaldshyde. Howe
evers in some oases, notably o(= and 4« napthyls
amines, peaminossetanilide, o« and pe aminobiphenyl,
peaminoacetophenones pw»henylenedimigm and
benzidine, the frothing was excesaives In the
sase of p-phenylenediamine the frothing was so
excesatvy that the reastion sould not be
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sarried out., As an example, a 0.25 mole quauntity..:
of the diazonium salt solution of p-phenylenediasmine
produced over ten liters of foam.. .In some eases:

8 drop or two of {sosmyl aloohol would remove the
foam but the phenylensdiamines could not be
controlled by such en additions.

The loss of material in the reaction was- -
assounted for by the formation of tarry.substances
which were ehiefly polymers of the eromatis -
radieal and remained in the flask after steam- -
distillations In the redustion of- phenyl diagonium
ehloride a sonsiderable quantity of biphenyl was
isolated and identified; p-iodo .phenylddizsnibum
ehloride gave & oonsidersble quantityof 4,47
‘diiodobiphenyl end benzidine: gave some, 4,4'=
dihydroxybiphenyls In most sases: the blaock
tarry matter left in the distillation flask gave
no recognizeble produst on extrastion with
organis solvents.,

In the case of peamino acetophenone,
addition of emell quantities of the diazoniun
salt to the alkaline. fé;.‘ma_léél?;fd? -gave: _af»;.-d'éeg
red coloration and vith further addition, the

golution beceme a deep purple. There was
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only slight evolution of gas as the diazonium
salt was added but on stending the solution
foamed all over the laboratory desk. By
‘stirring the mixture for two hours afier all
the d1azoniun salt was sdded, this excsssive
frothing was prevented but the yield of
acetophenone was presticelly megligible (about
2 ec. from G25 mok of p-amino-acetophenone),
No othor resognizeble product was isolated.. .
On the sddition of the diasoniun salt of
irsanilie ecid to the alkaline formaldehyde
a eleer derk reddish brown m lution was:
formed.  The phenyl ersinic acid was obtained
by e modification of the method of Bertheim®”
in isolating this acid from the redustion of
diezophenylarsinis acid with sodiun aotd
phosphate and hydroehlorie asidy. The phenyl
arsinie scid was preoipitated with sine .
acetate after asidifying the solution with
agetie aoid. This zine salt was then digested
with sodium carbonate solution, filtered from
zine oarbonate, the filtrate acidified with
sulphurie acid, and the phenylarsinic acid
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eollected and weighed. . This method gave a
muoh better yield of phenyl arsinie acid than
was obtained by merely aeidifying the
' 3edused mixture and collesting the
presipitated aoid.
~_The benzote aoid obtsined by the -
r?é@é:‘»%on. of the diavonium salt.of pwpino-
beneols aoid was isolated by.acidifying the
redMed 80 1““"“ and 7}9’?“;@1‘.?‘.5:?‘8:3?;*1%??a.l’?r" e
eipitate with hot. '9‘*'3’ v oA similar p;f:@gg}u;_a
was used to isolate the acetanilide obtained
by the redustion of the diazonium.salt. of pe
_gﬁinofgeéténi;iﬁa;axgépﬁ @hai‘thgtpggg;galg
Solution did mot Tequire meutralizations -
;g*agges~ﬁheée*th§_ﬁpga;ggygggﬁggdth;was
an ester such as in the reduction ofthe
diazonium salt of methyl p-aminobenzoste, the
redused solution wes neutralized before steam
distillation to prevent hydrolysis of the
ester,

.. The reduction of the diazonium sdlis of p-
aminophenylbenzyl ether and p-aminc-phenyl-allyl
sther gave no recognisable yields of phenyl
beqwl ether and phenyl Qilyl ether réepeétivel'y.
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The various bromo-derivatives.of the
toluidines, phenetidines, and anisidines
‘gave poor yields of the brominated.
hydrosarbone. In these Gases, large
quantities of bleok tarsy metter were .
obtained and the products were ebteined by
solvent. extraction of these tars..

From the. date of Tobles I and I, 4t is:
seen ‘that diszonium malts containing electron
dyqér‘gggupamauﬁgtgtutgéyﬁnﬁ@hﬁﬁb%n%QE%gnuq}eus
generally give good yields of. Iydrocarbon on
redustion with alkeline. formaldehyde whils..
dlazonium salts containing electron ssceptor
groups give poor ylelds of hydrosarbons.
These Tesults may partially be explained on
the basis that elostron acseptor groups.
displace electrons from ths-nitrogen atom
toward the ring thereby strengthening the
earbon-nitrogen bond causing the redustion
to;gggeeeduwitk;ihesgormayiophsffagpg
hydraso, and Mydragine type compounds which
rearrange and condense with the formstion

of uniflentifiable products as found in these
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sases,

Diazonium salts containing elestron donor
groups in the benzene nueleus may displace
electrons from- the: benzens ring-thereby
weakening the earbonenitrogen bond and
facllitating the evolution of -nitrogen with
a subsequent inmerease in hydrosarbon yield.
This would seem to-be.substantiated by the.
fact that the redustion of phenyl-diazonium
saltsgives a yield of pydrggéarbbnfj intermediate
betwaen that of diazonium-seltscoontaining
élestron donor substituted groups ond thoss

sontaining elestron scceptor groups.



CHAPTER II

TRIAZO DERIVATIVES OF EORPHOLINE



Introduction

During the eourse of this inveatigatiom
mazanium aalts were added to varioue ‘primary
and sesondary aminea and it was found that
eommunde were rormed by the reaation of
diazonium salts with merphnline. Thapgﬂ :
sompounds, derived by eoupling the-diazonium
salts with morpholine, were.not 1listed in the
literature 80 en investigation of their
properties was made.

derlana®®. in 1855 prepared hydroxybenzote
aeid from sminobenzoie noid and observed the
formation of & redy intermedigte produst, the
quantity of which was found to inereasd by
working with eold solutions, - Gerland.was.
unable to deeide as to. the eonstitution.of
this substancd owing to the wide variation in
the analytieal determinationss - The further-
investigation of this compound was suggested to
Griess by qu}:ea?f‘ with the result j}l},ﬁ;_’é,,,.‘i?aﬁ".“
aminobenzoie acid was isolated, Griess then
extended this work so earefully that he
disoovered a new olass of oompounds, to which

the name "diazo" was given. Historieally,
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therefore, thé:diazoaminc écmpéunda»were~known
before the diazon!um aalts had been 1solated.

In mnst 1aboratony greparationa, diazo»
amino eompauuds are furmed by tha eondenaation.
of the diaZonium ea!t with primary nr saeendary
;amines in. the presenee of so&ium aoetate or by
the addition of an alkali nitrite to a solutiun
of an amine eontaining no' free. mineral acid.
They may also be. prepared by the- a&dition of &
nautralised diaznnium salt sxl&tien to “two mmles
uf the amine. The aoid eliminated by the
aoupling reaotion is neutralizad by the exeess
amine,

The primary monoamines of the. benzene series
all y;eld diazoaminea. thoae containing the
graups 61; NOQ. cna etﬁup maat readily,-but the
alkylatad manoamines of thia saries ahow &
tendeney~to~furm azo~eompaundaa for. example,'
m&thylaniline, when treated with diazobenzene¢
‘sulphonic acid. yialds a mixture of the
diazeuminc~aompound.

HOSSGGH¢}TEE'( 0H3)C g5

"')
and the 1somerid aminoazo~¢empound.
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Sinee morpholine is-a eyclie, secondary,
aliphatie amine, only triazo sompounds would
be formed by reaoting a diszontum salt with. .
the amine, In most cases, nearly quantitative
yields of diago muino compounds were obtsined
and the yields are. reported-for products which
have béen 1’9313‘91??1%;3:??@" onoce,’

The melting poAnts of the compounds: were
determined using a-.;ﬁft‘%i?u:r;%c,;w%f%:'bavftha;and‘é
thermometer which had been; ‘eheeked. with- -
melting pointa af wen knomg ehemiaallyapure

ehemieals over mast ot the"rang’e uaed 3.n thiu
1 ’?’??“‘.‘89‘“"?‘,’{. ‘The melting points. listed are
ineorreeted temperature readings for éu?gg@cgg o~
which have. been Teerystallized seversl times. from
the organie solvent listed in each preparations
Holer weight determinations were made by-
deternining the freezing point depression of &
Weighed quantity of chemioally pure, thibghene
free benzene by a weighed quantity of the trieze
compound. In some oades, the triazomcompound was
not suffieiently soluble in benzene: to allow a
g;q;arvygight determination in this solvent, The

‘oryoseopie formulay



¥ = 100 Cw
_W-‘.

wag selested from csmmm;"‘lr __In this formila, W
is the weight of. aubata.nce and ¥ the weight of
aolvent. a the. freeaing pmnt ‘depreasion, . a,nd
¢ tha coeff‘icien’c for- the solvent determined .
for: the standard conditions (i.m for the:
weight of substanee which produces. 1° depreasion,
in 100 grems of solvent) and X is. the mole-
d‘nlar wé"ighﬁ., The value of-cl’,- "using«.benzefn'e:
as solvent, is 504 Thu value of <. wias: ahacked
by déterm;ning;@he~!;ggaigs_paﬁnt;deprssaion
of benzeﬁé by ‘n;gpthaieng.w
Ttrogen snalyses were made by the method
of Dumas, The peréentage of nitrogen wes
oalculsted as followsi=
v was the observed volume of nitrogen -
B was the height of tho barometer in mus,
t was the temperature of the measured gas
f was the vapér tension °f _the potash
solution, which may be tsken withous
.géri‘qz_‘w error to be equal to that of
water.
A8 the weight of les, of nitrogen at 0° and 760

yrms. 18 0,00126 grams, the percentage weight of
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nitrogen in the substance w will be given by the

expressiony

¥ x 273 x {B-f z ¢00136 x 100
(278 # ©).760 - W

All weigh!ngs of: reactanta and producta
were made on a triple~beam platform balanes.. -
sensitive to O.1 gram.. Samples furmmiﬁal
determinations were weighed on ananal:ftieal
balanégw

The nomenelature adopted for use in
neming the.compounds prepared in this part of.
the investigation was similar to that of Jacobs
end Beidelberger®® who worked with diazoamino-

derivatives of arsanilie aecid,.
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EXPERIMENTAL

In this investigation, the ususl.prosedure
was followed in the diazotbzation 7roosss.
Water and the omine wers mixed and 2}
equivalents of hydrochlorie acid was : slowly"
added to the woll stirred mixture. In most
6z3cs the emine salt would dissolye in the
quantity of water prosent. Thia solution was
then coolod to 09 and a slight excess of en
equivalent of sodium nitrite solution was
Slowly ndded so thet the temperaturs did not.
exseed 2°0, The solution was them allowed to
stand for fifteen ninutes before the sxccss
agid was nfa’ui_:‘rg;limefl‘é‘-,v« The' ablutiﬁn ?’éﬁ_;;_,ﬂ}lﬂﬁi
slowly added, with stirring, to the ‘morpholine
solution and kept at 0°C for at least fifteen
minutes before filtering off the Bsolid or
separating the oil formed by the reactions

The procedure will be deseribed in detail
in the. preparation of the. first two &erivativaa.
The other derivatives were made in an analggous

manner unless otherwise mentiomed,
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Preparation of Diszobenzene-mor holine

Reaetion:«
NHy
- -i-NaNOZ,'l' Z'HCl-'? "t'NaCl ’\'ZHLO
He He
v Hy Ha : ¢ "'C
‘NgCl =€ /N NaN-n- o
' H, H.

Hz:.HL

grosedur rutn a 500 e0; flaek fitted‘with

a meahanieal stirrer and a’ dropping funnel were

placed 50 ea. of water,?i*ﬁ e

of aniline. and 35 gramu (So&oc., 0.546 grmm moles)
of. aaneentrated hydroohlorie aoid (spe gr. 1418)s
After this: aalution had been oooled to Q°G. ‘the
stirrer wes Btarted;and a: solution af ?.3 grams
(04104 gram moles) of sodium nitrite in 30 ac.

of water was added from the seperatory fumnel at

such a wrate that the temperature of the. aoiﬁtian
d1d not- exeead'2°*¢._ Thia salntion was allawed
to Btand for ten. minutea after ‘all the aedium
nitrita solutien had been addeds The 939033
acid wag{neutraliged with 1 B’sadium hydroxide

solution,
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The neutralized diazonium salt.solution was
added ta a well stirred, 6old solution of 75 - 8C
of water and 17 ee. (0.2 grhm mola) of . morpholinn.
The diazobenzene~morpholine formed at onee as-a
yellow,oil which~floated on theAsarfaca of-the
solutions. On stnndlngg the. yellow 0il solidified
oﬂdthe'snrfacs-o ~the~1ceueold‘mixture. The
yellow dlazebenzeneumorphaline was filtered on
a Buehner funnal, washed with eold w?ter. and
sucked as-dgy.aggppas;p}Q, - The ealid melted to
‘a brown o1l at room temperatures The yellow
801id was reerystallized from ether aqri'-:iz%sﬂﬁed
at 28°. The yield of ?eo;yétgl;izgégﬁiézpa
'benzénéamor§§§;§g§“wasﬁlsagrama.(éc%iQf the
theorstieal gmopqgjg

.The diszobenzens-morpholine was distilled
under redueed_pyéséuxg*@ndAppile@;q£ 1§§f;60°
¢ under 15 mm. pressure. The dinzobensenes
morpholine underwgnﬁgslightadgqompcsiﬁieﬁ on .
diatillatiogng;:eduqeéggrgssnre, glving a
produet whieh-was o viseous, light browa oil,
which melted et 15°8,

The moler weight of the purified dimzow
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benzeneamorphdline TWes- ﬁeterminéd: _by:- the- féryaSebpio
methud and 0.5047 grams ot diazcbanzene—morpholine
gave a freezing point depression of- 0.78% 1in 16,76
grams- of benzene.~ Theaa data correspond to a molar
weight of 193. The ualeulated molar weight 18

190.

The diasobenzene-morphuline was insoluble and
atable in boiling watax and eould ba ateam
distilled from k% neutral or . slightxy alkaline
'solgtigno The ‘steam distillation prucaeae&
slowlys In boiling, dilute hydrcchlori¢ aoid,
the compound desonposed with the formation of
morpholine hydroshloride, phenol, and: ehloro=

benzene aé?tepresgntgdzby the equation,

. Cly C”s"c”)
C HN=N-N’ *0 +H,0 + 3HC| —>C A, OH + CH:Cl+ AN, + AHCIHN )
RGHN-N-NC c;l, hao 4 iHsCl+ 2N+ “eH, - cu,

In aald. enncentrated hydrechloric aeid, the
diazdbenzane-morpholine deeomposes to phenyl -
diasonium ahlorida and moryholine hydroahloride

a8 represented by the eqnatian.

-CHs |

chy ehy-¢
Clls N=W-N M, t RHCI —> G Hsh, Cl + HCl- m/’ o

CH, - CH;.
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‘Preparation of Diazobenzenes(4smethyl)=morpholine

Reactioni==

NH; Ny el
, +NaNO,+ 2HCI ——> + Nacl+ R H,0
. H¢ Hyc :

CH—CHs»
d I 0o

N=N-N
New-et,’  + HCl

Procedure.-+In & 500, oo, flask provided
with thermometers stirrer, end o dropping
fmme L were placed 50 ec. of.water and:30:gc. of.
goncentrated hydrochloris acids : To. this solution,
1047 grams (0.1 grem mole) of p-toluidine was:~
addeds The resulting solution was cooled to.0°
C and the stirrer started. A solution containing
"2 grams (0.104 grsm molew) of sodium nitrite
was added to the solution from the separatory
funnel et such a rate that the tempersture of
the dolution did not exceed 2°.0. After allowing
fifteen mimtes for the eompletion of the
reastion, the excess acid was neutralized with
1 ¥ sodiun hydroxide solution,

The neutralized diazonium salt solution
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wes edded to a well stirred, cold solution
containing 50 9. of water and 17 .00 (0.2 gram
mole) of morpholines -The oream golored, erystalline
diazobengene=(4-methyl)~morpholine was.
collested with suction and dried in air.  After
drying, it weighed 17.5-18.5 grams (85-90% of
the theoretical amount) and melted at ‘46".’?: Cs
After geveral recrystallisations from Skelly-
solvent: (petroleum fraction of bolling point
90~100°C-~largely heptane); the light eream
golored, orystalline diazobensenes(4-methyl)e
mprpholine -n;eq.i_’;ed‘ at 43@5?6»@5‘ -

Using 16.4 grems of benzens, 01284 grem sof product
gave a freeging Pﬁmﬁsﬁel?res_aioﬁ;;:?.if;:%19.5?’ in.
this quantity of solvent. This corresponds to -
& molar weight of 201 e»emﬁared} to the ealculated
molar weight .of 205, -

¥itrogen enalysis data, obtained by the Dumas

combustion method, were as.followss

Welght of sample = 042006 gram

oc. of nitrogen = 37.9 ecs

Room temperature = 309C

Vapor tensfon of water at 309C = 31,5 mm.

of Hg?:&
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Barometris pressure = 740 mm, Hg. -
These data give a percentage of nitrogen egual -
to 20,07 + - The ealeulate peroentage of nitrogen
in diazobenzene=(4-methyl)-morpholine 18 20.5%:

Approximately. the same yiedds of diazobenzene-
(4-methyl)=morpholine were obtained by adding a
d1asoniun 881t solution to an squivalent quantity
62 morpholine in the presence of s large excess
of sottum acetates O omparsble yields wers also
obtained by the sddition of umnoutralized
diasonium ealt solution ‘toca 131'36 'mm of ov
morpholine. In this ease, the exess morpholine
served as a neutralising agent toward the exoess
asid, .

The diazobensene~(4-methyl)=morpholine was
ingoluble and stable in boiling water and gould
be steam atstilled from neutral or slightly.
alkaline solution, Conssntrated hydroshloris
acid dissolves the compound With evolution of
of nitrogens Warm, dilute hydroshlorie acid
desompossd the compound with vigorous evolution
of gas forming a daykﬁp;cwn-oiigv This oil was
fouq@ to containip~tolui§;ggg“péeregél, p;

ehlorotoluene,; and morpholine,
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RER

Reastione== _
» B ‘ C“\,- CHL ~
N.cl SCHmCHh - :N-N\'cu,'.c'&h
CH; CHy

?roeednre.vﬂa Belution of: 10+7 grams. (0‘1
gram mole) or freahly &1stilled ontaluidine,
30 ¢o. of hydroahloric aeidg aud 50 ce. of
water was cooled to. 0°c and. diazatized in the
usual manner with,sodium nitrite ‘solution.
After standing for ten minutes, the excess
a0id was neutralized with mormal sodium
'hyasoxiae. ~va§1u1;'ia'm :

‘The neutralized diazonium 8alt. solution
was. added %o a oalﬂ solution of 17 ecs. af
morpheline and 50 ec; of water. The diazeu
benzene-(zomethyl)~m¢rph011ne settled to ‘the
surfase. of the aolution in the form of dark
red arystala. The solution was extraated with
ether and dried over. -ealeium ehloride. &@g,
ether was dia;g;}ed;?ffﬂgpﬁdthamggg;ﬁuqﬁqugle&;
The dsrk Ted preeipitate was recrystallized
from ether and melted ot 1800, The yield of

diazobenzena=(2-methyl)-morpholine was 15 grams
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(73% of the theoretical emount).

(SN

Preparation‘ofgniazobenzene~{4~ehiord)amorpholine

Reactione==
- CHoCHh
NIC’ CIJL’C//:- \o N C”;—CH»/

,+"H='~N/

. 4 : B ~.
\C”b;'C/{& / .

+HC/

I3

. Progedure,-~The. diagohenzene=(4=chloro)=
morpholinexwas prepared’ in the seme manner as
the previously listed derivatives, :As the

diagonium szlt solution wes added %o the

‘morpholine solution, the solution beeame milky:-

and 8oom a oream eolored presipitate settled. to
the surfage, 9??"3”tgﬂ8‘&333Q1Qﬂ9§ﬁ2ﬁ°h}9?9f3::
aniline gave 20,5 grams of dimzobenzene-(4-ehloro)-
morpholine (91% of the theoretical yleld) whieh
melted nt 53°C, Reerystallization from ethyl
aleohod gave eream colored, microssople arystals
melting aﬁ654g5?¢w~

In the molar weight determination, 0.1000-
gram of the purified product dissolved in 13 .60
grams of benzene lowered ihe benzens: freszing.
point by 0.17° which corresponda to a molecular
we}ght of Blgs The ealculated molar weight is
226,
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- For 'analysis, s 042060 gram semple of the
product was mixed thovoughly with 15 grems of - -
g?gigm per6x1a§y;;¢g:am;pt pot#ssngQgiﬁigﬁgivand
045 gram of ¢ane sugar in.a Perr bomb, The-
bomb. was elamped ‘shut; and the contents: fused by
heating in a Bunsen bunewr The gontents of the
sooled bonb were dissolvediin hot waters  The
solution wes boiled to remove the excess:
hydrogen peroxide snd 50 eos of a @stursted
solution of hydrazine sulfate added. After the
solution was actdified with mitrie seid; it
was filtercd to remove carbon’and other
foreign matter, The halide was then pre=
eipitated with a slight exsess of silver
nitrete solutions -The solution was hested to
eoagulate the presipitated silver.ohlorides:
eooled, nnd the precipitate was filtered into
a prepared Gooeh crucible, end dried st 110-
115° 0 for one hours The silver ehloride weighed
41333 grem vhich eorresponds to a percentage of
chlorine in the original sample equal to 160%*
?heJggl&glated»pércentage~0f.cthrine is equal
to 15.8%..

‘The diazobenzene=(4-chloro)-morpholine was
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stable in boiling water and steam distilled
very slowlys It evolved nitrogen in warm 10%
nydrochlorie acid with the formation of p=--
dichlorobenzene, p-chlorophenol, and morphopline
ascording to the equationy

cho-CHr N .

eHe
:o +Hyo+HC —> CIG HyoH + CIC Hy Cl+ 2N, +RHN] Jis

H ” /C”;- g !
ALl G Hy N=N-¥, ‘cH CH.~Cth 4

. ~Cth
] \
Preparation of Diazobenzenss(3-chloro)-morpholine

Reactionees=
CII‘—CHV N

N, Cl =N-N v o
Mo CH~CHa N N cu,—c.‘l../
+ H-W o —>

NcH,-cH.” +Hc/

s Y .
Procedure,=~The yield of diazobenzene=(3-

ehloro)-morphodine from 12,8 grams (0.1 gram .
mole) of m-chlorosniline by. the above reaction
was 1644 grams (757 of the theoretical amount}.
The produst seperated as.e yellow oil which
solidified to & tan erystalline solid if the
golution was maintained at 0° G. This tau golid
melted to a light yellow oil st the laboratory
temperatures The solid, reerystallized from
ether, melted at 24-259 @,
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The erude diszobenzene=(Zichlore)-morpholine
was -dissolved in benzene and dried over -
seletum ohloride, -After filtering, the benzene-
was removed by distilletion on a:steom bath, and
the. residue wes fractionally distilled under.
reduced pressures The diazobengene~(3-ohloro)e
morpholine distilled at 130-135% G/14 sm,. The
yield was 'flg«'eegrams -(75% of the theoretieal
amornt) e

The tompound was onzlyzed by the Perr bomb
method - deseribed previously. A 0,2006 gram .
sample gave 01296 gram of silver chloride which
oorresponds to a peroentage of chlorine in the
original sample equal to 15,97, . The caleuleted
percentage of chlorine in diazobenzene-(3-c¢hloro)=
morgholine 18 15.8%,

‘Diezobenzene=(3-chloro)-norpholine was stable
in boiling water but was decomposed by boiling,
103 hydroenloric aeid with the formation of me

dishlorobenzene, m-chlorophenol, and morpholine,
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Preparation of Diagobenzene=(4

Reaction.=-
‘Iy—CHV \O
N‘_CI . N:=N-N \ i/
N (& ‘[v
NN/C""CH o bt +HC/
. ~+ - :
bx BTSN N

Procedure¢a~?he~diazatis§tion of 17.2-grams.-
‘{0.1 gramAmole) ef pnbromoanilinenaud the eaupling of
ﬁn.kﬂazatized aolution with morpholine formed a
whiteg viaeous aolution‘ A white preeipitate
settled to the Surface of the aolntiont After
the mixture had been stirred for fifteen mimutesy
_the precipitated aiazéiaenzéné~'(‘4~bromo)«merphonné
was filtared with suetion. ‘washed: with.water, and-
presaed thoruughly an a Buahner funnel. Tha yield
was 21.7: grams (89;5% of the theoretical amount)
gfiyruduet which melted at 86&88 c. Reerystall~ e
1zat£an of the orude produet from ethyl aleohol gave
white, microscopio erystals melting at 88,50 Cu
These ‘orystals darkened and assumed a light brown
solor on exposurs to Light for & fow days.

Combustion analysis for the detefminéﬁian of
nitrogen gave the following datas

Weiéh& of sample = 6.2016’gr&m
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ec. of nitrogen = 3042 cco.

Room temperature= 32° ¢

Vapor tension of Hg0 at: 3200 = 353 HgS6

Barometrie preasnre ‘756 mhe Kg
f?hese dmta gtve the. percantage ‘of- nitrogen in the
,sample 88" 15.6%1 which ia elso the. ealculated
,peraentage of nitrogen in the eomponnd.

This éompsand; 11ke tha others in.thia
seriesg 13 stable in boiling water but. daeompasea
in acid. eolutions with the formation of P

e

bromaehlerebenzene. p»bﬂomophenols and. morpholihe.

I’r,e;garatién of ';,Dia.-zobenzene#(4-'hitrq)';m6fﬁhéiih§

Reastionee
N,cl - N N’ oo Ch ‘o
g ‘f—H N/CH“'(“;,\ N— \CH"-(H.»/ HC,
Nv \cHs 'CH_\.-/ . ' *
0, ON Ny

Prosedure.-~This compound was prepsred in an
anslagous memer to the others in this series
with the exception that the amine was diazotized
at.léé G to avoid the formation of the_diazqaminpa
eompound. In this ‘procedure, . it was necesaary to

add a larger volume of water to the mnrpholine
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golution than was added in other preparations
to prevent eomplets solidifieation of the
solution before sll of the diszonium salt
solution had been added to the -morpholine solution,
Tho produst was. isolated as a Sensry yellows
.#??ﬁtﬁilin?w??ﬁﬁiPi??te?,13#9?¥%91§495w§%9593
.bﬁnagnﬁ“ﬁ%ﬁ@%ﬁrglfm°¥?§dli§9:f??@*QelfEﬂlﬁvﬁf
p-nitroaniline was 20 .3;« gré,ma'- »('éd%..-:éf.« the -
theoretical amount)« It wag- reerystallized
frommsthslyalyekcl;fox@i?$;1¢?sf,y?%1°w'
orange needles whioh melted at 133,59 Co
~The following data were obtained by

Dumas combustion. aﬁqﬁlya iss:

Weight of fs;m;p}.é = -9.@033;_.‘ gran

8¢+ of nitrogen 42;;7 eos

Room temperature = 35° ¢ .

Vapor tension of water at 36° ¢ = 41.8 mm. Hg36

Barometrio pressure = 739 mm. Hg

Observed percemtage of nitrogen = 23.5%

Calculated percentage of nitrogen #;3347%

T}qa.,z,&iazobgzxzyane-#(,ééni.tra) jmarpholiua-
appeared to dissolve slightly in boiling water

with the formation of a yellow colored solution,
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There was no evolution of gas in boiling water
and the compound would not steam distills In
'hot,-lﬁ%'hydroahlorie:aaidusolutionwthesa-
eumyound decamposed with the- evolutiun of

gas farming panitrephenol, pachlcrenitrabenzene,

and morpholine.

Preparation of Diazobensenes 4-scetyl)emorpholine,

Reaation»~-
7N 5%
”LCI 4,(#”'(”‘5\ ”'” ”\CI/» c//,
‘f‘ f/‘ﬁ/ 0 _—? [v) -I‘HC/
: :'\C//s"—CM,/ .

I
CH3 €

O=o

CHs
. Procedurs.--:n earrying eut the above reaabian;

13.5 groms. (G 1.gram mole) of yuaminoaeetaphenona

was . diazotiged 1n the usual- manner and the- excess

aeid neutralized. On the addition of small

quantitiea of the: diaZanium salt solution to “the

morphtline aalution. a purple calorad solutien

was formed. As more of the diazonium aalt

solution wag added, the solutian ahanged from

deep purple to yellow in color end soon assumed

a permanent. orange-yellow color, The precipltate

formed in the reaction settled out very slowly,

The light tan colored precipitate was collected
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on & Buehner funmnel end dried in edr, - The-yield
of dimzobenzene-(4-acetyl)-morpholine was. 18
gxamsu(§755%?&f the theoretical amount) and..
melted at 8590. The produet was reorystallismed
from Skelly. solvent and meltéd? at 929 O, - The
~product- uryatala were vary. fins and had-the
appearanae of & fine pcwder. "pgﬂpygggpﬁ‘wag
stable in boiling water but was decomposed by
acldss:

‘Combustion ;ah@ijﬂﬁ for ‘nﬁfd@en gove the
following datas

Welght of sample = 042034 gram

ec, of mitrogen = 35.9 ac.

Room temperature = 36° @ _

Vapor tension of Hae et 36°G 44,6 rim. H3.35

Barometrie pressure = 7§1q?lmm§?ﬁﬁi

Observed % of nitrogen = 17.8%
Galeulated % of nitrogen = 18407
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Preparation of’diazobenzene-(4aaeetam1no!—morggoline=

Reactione==
' N, ~CHn
. _N 0
ol TREUEN "~ CHy- CHa/
‘ WA, P — ) YT 4 Hey
g MCH,-CH, \
N- o &c%w'

Proce&urew-awhe diazonium aalt aolution
prepared from 15.0 grama (0.1 gram- mole) of p=
aminoacetani;i§e was purple in ealor and
aontained a slight precipitaxa sa 4t waB
filtered before the excess acid Was. neutralizedo
The neutralized diazonium salt solution was then
added to fhe morpholine aolutiun with the
fwmation of a purple aulution. The solution
was filtered on & Buchner funnel and 22.8 grams

(92% of the theoretieal amount) of diazobenzen&-

-(4«aeetaminc)-morphollne was. obtained. ”he

melting point of thia preduet was, 174~175 G.
The compound was. Qn?_or.;_..%lifzh&%x,ﬁmble in
Skﬁlly'eolvent and very soluble in ethyl

~aleochol, BO 507 etth alcohol qu usedtﬁs the

solvant for. recrystalliZQtiona. After
?gpgated.rggnyatallizgtiens~frqmﬂethél a;gohol.
smell, shiny, pink platelets melting at 178°C

were oebtained,
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~ TBombustion analysis for nitrogen gave the

following resultsy - \
Weignt of smmple = 0,2102 gram
o of nitrogen = 442 cc.

Room temperature = 30°C..

s 3 R

Vapor tension of water at 30°C = 31.5 mm. Hg.S

Baromeirie pressure = 740 mm. HZ

Observed % of nitrogen = 22.2%
Caloulated % of nitrogen = 22.6%
| The dissobenzene-(4-ssetamino)-morpholine,
stable ?nabﬁ@ling*waﬁerwbu#;é??p@@éaes“1#;warm;»
ailute acids, Vith cold, concentrated acids, the
comaundfam the diazo’pi@{z salt and thé

morpholine salt of the acid.
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Preparation of 'Dia’ia‘deuzené«-(tl—-eai?’om_c,g;”' 1)=Morpho lin'é.n

i

Reactione==
/C'H;,- C~_
N=nN-N °

N.Cl /(“,-(H»\
-+ H'N\ ’0 —
CH, -CH»
Hooc Hoock

\CH»‘Clh/ +HC|

Procedure.=~This- compound was prepared-from- - -
siia%i‘sif#é@i» p-aminobengola aoid in.a menner identical
to *ehé method used for other sompounds. in this
series with ome precaution. Precautions were
taken in meutralizing the excess fwmin the
diazonium salt solution o that only the excess.

‘hydroohlorie acid was ,éﬁutr%imsla -Inis. was done
by ,‘;tavka?@.ﬂ%tihs the quantity of exoess myaro-
ehlorio acid and adding an equivalent smount of
1 W sodium hydroxide solutions .Addition of
larger amounts of sodium hydroxide eaused the
formation of the sodium salt of diazobenzenes
{4-earboxyl)-morpholine when the -q\ia;i_enimisalt»
solution was added to the morpholine. After
the addition of the diazonium salt solutioen to
‘the morpholine, the solution was acidified with
dilute acetle acld. »Thé pink precipitate
settled very si@w}._y frbm‘ the solution =nd

filtered very slowly.
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The d1azobenzenes(4-oarhoxyl)-morpholine.
was iec?ystallizéd frdmfbthylﬁalcehol,withﬁthe
tarmation of pink, mieroseapic erystals whidh
melted at 16900. ‘The yield was 21, 2 grams
(90% of the theorctical amount) from 13 7 ‘l
graus (0.1 gram mole) Qf p-zminobﬂnzoio acid.

uonbustion anatysis for nitragen gave tna
following data:

ﬂ?@g@@,ggfgggpie = 9.2040 gram

ccs oflniigpgeé = 53.8 BCe

Roq@”tgmggggiﬁfe = 3o°c

Vapor tension of water at 3o°c = 315 mm. Hg35

Barometrie pressure a;740_mm. ng

Observed 7 of mitrogen = 17.5%

Caloulated % of mitrogen = 17:0%

The diazobenzones(4=oarboxyl)-norpholine:
a1ss0lvad with decomposition in glactal ecetie
acid, The first step in the decomposition is
pgghabiy enelagous to;?bg.qﬂygrs~inwtﬁ;§ series,
i.e. formation of diazonium salt and morpholine
ég}?@ followed by a decompca;tion»af-fhe
diaébninm qalthaolution at room temperature.

It is stable in boiling water. In hot, 4llute
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hydrochlorie acid the compound decomposes with
therformétionlof<thermorpholine 8alty and a
suhstance which melts.at’ 2409C,. Thiﬁ
substance melting. at 340°6 was found to be p-
chlurobenzaic acide.

3.3 grams of- digzobenzene-(4~earboxy1)~
morpholine was dissolved in 100 aa. of. water and
1 ¢c. portions of this aolutian were. treated
with 2 drops of 0.1 molar. sulutions of vaticua

cations, Theae resulta are grvan in Table IITe-
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Table I1I
Action of Varidus Cations on a.Solution
of Diazobenzene~( 4.garboxyl)=morpholine. .
gation Preeipitate -
st heavyy white
su** vhite, gelstinous
sr*t white, granular
zntt white
ag* heavy, white
K none .
mit flaky
He* neavy; white
cu™ green
Pttt browa
Fe'* brown
wh white
gt emall, platelets
R “Biially, granuler
ng" - slight, fine
co™*, heavy, flaky
ort eurdy, grey
Cat granular
cat* white
Bl ourdys white
Bat™: granular

Ayt flosculent

THy+ none
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o

Preparation of Diazobenzene=(4-arsinie ,~MOx_h011n§

Beaétion'4;i

cﬂ,—'C“v\
el °
N it N: V- N cu-c’ del
+ H-N — *
A H te ,\.CH;'CHL
H,0; As Hzojﬁs e S

Procedure.~~A solution of 2L.7 grama (0.1 mole)
of arsanilie acid diasnIVed in 2060, :0f -concen=
trated~hydrochloriu-aoid»andASO'ce. of water was
aiazotized with an aqueaus aolutioa of 7.8 -grams
sodium nitritea ‘When the araanilio acid was:
eompletely diazotizeds the color of the solution
ohanged from an orange to a yellow colors . The
‘excess acid was neutralized with a solution
sontatning 4 grane of sodium hydroxide.

The aeﬁiralized-diazohium»aaltpsglgtiﬁnfwaa
added to a selution of 9 ec. morpholine, 40 cc.
of water, and 4 ‘grems..of Badium,hydroxide. -The.
separation of the sodium salt from ihis reaction
nixture was fesilitated by the addition of 20 0o
of saturated sodium scetate Solutions A viscous,
éérkgtdn solution was formed. The solution was
gliowed to stand for fifteen minutes with
oega&ional.éﬁiﬁyipgwyd insure complete reaction.

The 1ight taﬁ precipitated sodium salt was
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filtered off and dried on a porous plate.. Some
of the sodium.salt placed in an ovenat 11000
darkened slightly in color sfter forty-five
mimites. The yield of the. sodiun salt of
diazobenzene-(4-arsinie acid)-morpholine was
30 grams (80% of the theoretical yield)s
.The free acid was obtained from.the sodium galt

by dissolying the -sodium salt in water and
acidifying. -The free aeld was precipitated
in the form of 1ight:tan. golered platelets
which melted with decomposition at. 179°0.
after reerystallization from dilute ethyl
alcohols The f_zjeé acid was practically insoluble
in water but was appreciably soluble in
methyl and ethyl aleohols.

Several analyses of the sodium salt gave
& perogntage of nitrogen lower than the
caleulated percentage for this compound,
However a sample which had been dried on a
porous plate and then dried in a vacuum oven
at 60°0.gave the esléulated perasntage of
nitrogen on analyses. Investigation revealed
that the sodium salt precipitated as-a
hydrate and analyses indiested that the
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Eydrate contained approximately three molecules
of wé.ter 't'or each mal,e&nle-: ~of ‘aodim’n- ealtw

Nitrogen ana,lys:la 'by the eombuatian method
ga?e the following reeults for tha anhydroas
sodium aalt:

Weight af sampla = 0¢1286 -gram

ee. ot‘ nitragen = 15.0 se.

Raom temperature - 29°G

Vapor tension of. water at 39“6 = 36.0 mm. Hg

,Barometrie pressure 2= 742.6 mm. :Hg

Observed % of nitrogen = 12.5%.
Caloulated % of nitrogen = 1245%
-§r'£he free acid was stable in bm.liug water
but vag deeampceed by Mi&a. The. free‘ ac:zd

meta;a_ as ahewn ,1n»5:able- Iv.
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‘Table IV
Description of Imsoluble Salts Formed by Qatlons.-.-
with the‘:.‘-‘Sodiém_, Selt of Diazobenzenew(4-arsinie acid)~
morpholine.
Gations Precipitate .
Sl AN _8light, white
sn™ .8light,. white
sr*t _very slight, white
zn** f£locoulent, yellow
Ag? efystalline, white
x* none-
mh f].oeculant s brown
He' grey.
outt g;xfeei'z
Fet+ rod
Fe™t grey-blue
Ph*+ . White
gt slighty white
Mn“ brown
g™ yoliow
co™* pink.

+++ ». . _ .
‘heavy, green

Cx
cat+ slight, white
ca+t orystalline, white
BLH* heavy; white
Ba™t slight, yellow

sy T white

i’ none
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Pre araﬁibn‘ofﬁDiaZéﬁénZeneé,4~éuifonic acid

Reaction,-=

._.___.__Procsduré:-;s*-ﬂjin#@e#@:faﬁé,, one~tenth grame (0.1
gram mole) of sulfarilic aé..i}@-:;?a%...adée.df.;?ff’:!,3‘;
solution of 25 ece+ hydrochloric aeid and 50 ec. of
weter, ‘The cmine wes diazotized in the ususl
menner, The diczo suhydride separated in the-
form of fine, white needles. The.diazoanhydride,
was filtered off and mixed with 20 eo. of water,
To this solutions 9 e, of morpholing end 30.e0.
of & satureted sodium meetate solution was added,
The light. yellow golored sodium salt of diazo-
benzene~(4-sulfonis aoid)-morpholine was filtered -
from the solutione The sodium salt was recrystall-
ized from a 50% ethyl aloohol solution forming
white, crystalline nesdles.

Analysis of the sodium salt for nitrogen
by the combustion method gave the following
resultss

Weight of sample = 0,2001 gran

ety Af hiitrogen = 27.2 cc.
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Room temperature = 28%0
Vapor temsion of water at 28°¢ = 26,1 mms. 3336

Barnmatriclpressura = 738 mme Hg

Obaerved % of nitrogen = 14#5%
calaulated v af ‘nitrogen = 14;5%
¢,An attempt was, made to pregare the free acid
by neutralizing a eonoentrated aqueoua salution
of the aodium salt with aaetie aoid but the Eree
acid was too soluble to be.. 1solated.
| Thrae grams of the sodium galt was disselve&

in 100 s of distilled water and various aationa
were added to sme.ll. Samplea of thia eolution.
These results are given in Table‘?. : |

An attempt waa mada to prepare the free aeid
by adding the diazo anhydrida to murpholine.
Apparentmy two precipitatet were farmed. Thesa
precigitatee wﬂre aeparated into two portions due
to their differeuce 1n Bolubility 1n ethyl
alcchol.» The partion of the precipita&e whieh
was leasi soluble in ethyl aleahol. was neytral
to litmus, and . decomposed at 122°c 1n a melting
point bath, It appeared to be & mixture of &
salt and some unressted diazcanhydride. The
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salt may have been formed by the meutralization
of the‘free'sulfanic“acid‘Byfmarphblinéi - The.
aleohal eolﬁble precipitate was a. compound Whieh
was faintly eoidie and reerystallization trom
ethyl alaohol gave amall. white platalets.

These platelets were . alkali sol&ble, water
‘solable, and soluble 1n aleahol. In a.melting
yuint apparatus. theae platelets darkened in
'color at 160°G and deeompcsed at 177°c with
gvelptian 9§ 5ag@,;Theae-cryatalswwe:e%bglieved

to be the free acidi
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Table ¥

Aotion of Various Gations dmea Solution of the Sddium
Salt. of Diazobenzene~(4-ulfonie acid)-morpholine
Cation ?x‘?qgip@tgba

st slighty gelatinous, white
sa*t silgnty wite -

s:** longy white needles

Zut none

Hg* é???'gfﬁf““?

b5 I white needles

K’ ‘none

Ag* white, crystalline

cut slight, green

Fet++ floeculent, red

pot* slight. flosculent, brova
ot heavy, white, erystalline

ugtt none

Ba;...p heavys white, orystalline
B+ heavy, white

u’t noue

cdatt nons

c'gg-H- white meedles

Cr+++ nona

Cot+ none

AL white, erystalline.
A+

YiHy none

spHtt white, curdy



CHAPTER III

PREPARATION OF SOME PENTAZO COMPOUND3



Introduction snd History

This chapter is the result. of .an investigation
begun with the purpose. of -determining' the.
‘fessiBility of using liquid ammonis as a solvent
for #arrﬁ?sﬁ,fé?ﬁ ‘the reactions thetare typleal
of the ‘diéz.oﬁ.ium;is&%lfﬂv It was found that.
gompounds were formed on edding diszonium salts
to liquid emmonia so a few of these compounds
were investigated. | |

(Griess®’ examined the.astion of eoncentrated
aqueous smmonia on phenyldiazonium nitrate. and
obtained ‘an extreme 1y f,vr;a;ﬂp_ﬁ,able: sompound. which,
dgeoriposed into phenols aniline, and nitrogen,
_He was nnabie‘%b identity the subatgn@eddug to
inaonsiatent analyti¢a1 data,-- X

Many years later von*feehman and Frobenius®8
repeated the experiments of Griess and found thax
‘the subatance, which Griess wes unsble to identify,
was bisdiazéﬁenzeneanide; the reastion proceeding

as followse~

v, Cl =N-N-Nz=N
T 3NHy —> ¥ . + RANHyC)
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They prepa:ed;big-ps§1ggptqu1amide~%y~th£
-dropwise addition of a. conoentrated p~twly;dé- -~
azonium ahloride solution, prepared fronm. 10 grams of p-
toluidine, into 500 grama of aqueous- ammonia of
specific gravity 088, -They recorded the.
formation of a yellow eolored e lution which
gyp}vaqrgaa‘relatively easy‘and'férméd#a'yelldw
precipitate. They obtained 2.5 grama of the
ubis-p-diazotelyamide. It poaaessad aeid
eharaeteristies sc 1% was- purifiad by digestian
with.warm, &ilute sadium hydraxxde¢ Far the
analyais, it was fcaeed out of aeétone aalution
by means of ice watar. ,For combuation analysia.
it was mixea with a large quantity ef oopper oxide
and burned 1n the usual mauner* They reyorted
that the Bubstanae was. formed as yellow needlea
from acetone by meana of water ana exploded at
82-83°C 1n  melting poimt apparatus.

The equation for ifg degomﬁésﬁtion was given

a8y

CH‘) C‘Hq N;”'N‘N.‘»NC,_H:(CH’;; t l-l,_0~—> CH&C(.HQOH_“’ CH3C( l"t( NH, +2XN,

In this investigation, the same product
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was formelwhen 8olid diazonium salts were added
to anhydrous liquid ammonia,  The yields of-"
pentazo-sompound were- "c;gnipalrébl@ to those of
‘Pechinann and ﬁ’roﬁ‘eiﬁiué;‘?g

~ The first step involved the preparation of
pure, 8olid diesoniun salts, Seversl-methods
were tried in the preparation of the solid
d1azontun salts and two of the methods were
found to give nearly. quantitative yields of
solid salts -One of these methods pequired -
isoamyl nitrite and. the other ?ea?ireé ;eth&:x_
aitrite s a source for nitrous asids -

1Isoemyl nitrite was preparved by anaduptation

'°f;th§~@¢thﬂ¢jnf;39¥éﬁagnf?: nf?#f?@ nitrites .
380 grams (5.5 moles) of G.2:- sodium nitrite and
1.5 liters of water were placed in'a 3 liter,
threeenecked, round-bottomed flask, fitted with
o meshanieal stirrer, a separstory funnel
extending to the bottom of the flask, and &
thernometers The flask was surrounded by an.
ice-salt ‘mixture, and ‘t:}_{el .soluf; lon was ‘gfcﬁ.{irred
until the temperature reached 0%Cs A mixture of
100 6o, of water, 136 oos (250 g.y 2.5 moles) of

coneentrated sulfurie seid, and 545 ce. (440
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grams,-5 moles) of - cammereial isoamyl aleohol -
‘was eooled to 0°G and by - meana of the separatory
funnal was 1ntraduoea slowly beneath the surfaee
of the nitrite aolution, with- stirringaw The
aleohol solution was added slowly enough 80 that
praetiealky'no gas was: evclved. and. the
temperature remaiued at.£=1°0. This required
ﬁapproximatexy two hours. The reaulting mixture
was allowed to Btand in fhe iee»aalt bath until.-
At saparated into twn layern¢ The 1aoamy1 nitrite
'layer 15 separated hymmeans of a: separatcry funnel,
waahad twi¢e with 50-co.- portiona of'a snlution
containing 2 grama of sodium earbanate and 25 grams of

sodium chloride. It a8 then dried over, annydroua
sodium aulfate. o

Ethyl nitrite was preyared by the methad of

Semon and Dawerell*e Twu solutions were prepared.
~ sglution I conbained 620 grams (9 moles) of
sodium nitrite. 210 grama (4uﬁmm6les) of aloohol,
and water to maxe & %atal vnlume of 2.5 1iters.
‘Solution II eontained 440 grams of aulfuric acid
land 210 grama of aleohol, dilutad with watar to
2.5 1iters¢ The ethyl nitrite was generated 1n

gaseoua form by allowing solution;ll to flow intn
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swlution I, -In some oases thecthyl nitrite. gas
was. condensed and added to the solution ta be
;diazotized, and in. other cases. the ethyl
nitrite wag bubbled 1nto the amine solution‘
?he method used. moat eommonly in- the
preparatiou of the Bolid diazonium aalte was
'the method suggeated in Gohen!s "Theéretical
.Organia ﬂnemistry. This method, described R
far the preparation of solid ﬁhenyl diazonium
sulf&te. 18 as - follaws: "15 grams. of auiliue
1are mixed with 140 grams cf pure ethyl aleohal.
and 50 grams-of - Btrong sulfurie aeid are added.
The aleoholie salutian of aniline aulfat@ ia
'aooled to. ss", and 20 groms. of amyl ‘nitfite: a:s-e
’then slawly added. Anyl nitrite 18 hydrolyzed
in presence of sulfurie acid, and ia the aource
of nit;pus aaid. If, after the addition of
amyl nitrite, the liquid is- ooalad in igey &
.mass of crystals separates, whxch is the benzenﬁ
dianonium sulfate, It -is filtered and washed
ewith a little aleohol. In this inveatigation,
isoamyl nitrite was used 1n nlaae of amyl B
ﬁitrita and ether was added after all the isaamvl

>a1tr1te had bveen added which was found to increase
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the yield of diagonium salts.

The ather:méthod?uned-forﬁthelyreparation
of solid- diazonimu aal'os waa the method of
Smith and Varing 4% ynioh 1s as. followm o
"5 grams of- aniline hydrochlorida is sua pended
in a mixture ‘of - 30 ml; glaoial a.oetic aeid e.nd
30 ml. anhydrous. peroxide free dioxane. The
m;zture is coolad in an 1oe-salt mixture and ethyl
nitrite bubbled in until all: the salid haa
disappeared. Ths uomplete diazotizatic»n ef the
hydronhleride aoincides with tha dwa.ppaarance of
_,the solid phase and the firat appea:rance of exdess-
ethyl nitrite. Inatantaneoua aolors.tion of-starch=-
petassium iodide paper produoed 'by 1 drop of-
aolutimn ehowa complete reaction. 150 ml. of-.
dry dioxane at room temperature is- a,dded An. one
portion to the’ eompletely diazotized so xution
and the phenyldiazonium chlaride preaipitates
out. The aolid is. filtered on. aa:Buchner and
washed twiee with 2»25 oy portiom of dry
d:loxa.ne. The yield of dry palt is 95% of the
theorutioal yield.
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EXPERIMENTAL

In & preliminary trial, one gram of solid
phenyldiagonium Sulfate was placed.in a Dewar
flask and an-attempt was made to condense:-
11quid enmonia in the-flask as it ws removed
from a large amreé#i?~~‘s=¥;lin¢¢re . However, ss-the
first drops of liquid ammonia came. in contact
with the s0lid diazonium salty a Vigorous:
exploaian.reaulﬁed and the De&ar{f;gag was
shettered.

Another trial was made in which omall
quantities of phenyldiazonium sulfate were
aéé@ﬁ%‘by’meané.éf ?;993??@3*”t?*ﬁ;??war{fiaﬁk“::
£111ed with liquid smmonia, A vigorous resetiom,
causing gu¢h‘apa$periqg,~rgaﬁltg@kon~ad§i@4gn_¢£
of the salt to the liquid ammonia. - A heavy
prosipitate settled to the bottom of the flask.
Small quentities of the diagoniunm salt held on
a spatula over the Dewar flask would turn dark
brown and sometimes appeared as if it charred in
ypg‘ammcq;g Vapors. Oq_s@apd;ngg bubplea of gas
were evolved from the preeipitate which had

settled to the bottom of the liguid ammonia
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solution. The precipitate was filtered off
and eny. inorganio salts were removed by
extraetion with water.. The liguid ammonia
£iltrate was allowed to evaporate sad the .
resulting residue combined with the precipitate
previously filtered from thesolutiono This
80114 ‘underwent partial decomposition in.eny of
the common organic Solvents. . On standing, the
A°‘6f;°?*§?é§§;'bﬁﬁaQQfgpﬁﬂf?@?ﬁ

These Tesults were similar to those .
obtained by Griess®’ - the method of von
Pechnann:and Frobentus was used. to isolate the
bis-diazophenylamide, The presipitates were
extracted with 37 sodium hydroxide & lution
maintained at-40-50°C for ten minutes in-comtact
with the precipitstes.. This sdlution ves
£11tered and the solution neutrelized with -
very dilute acetic acid gave a eamary yellow
precipitate. The precipitate remaining after
the sodium hydroxide extraction was largely
diazaamigobenzane;mixad with small gpa;ﬁ;tiaa
of -phenol and aniline which were probably .

decomposition products of some of the pentazo-
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compound, On.dissolving the eanary yellow sompound
in acetone at room temperatures, the compound
immediately decomposed with the vigorous evolution
of nitgogeﬁ, -1t was found that. 'tt}ne‘;}eo;‘pppgnrl
could be dissolved in cold acetone without:
decomposition, from which: it.wes represipitated
with ice water. .This precipitate was found-to.
be exceedingly diffieult to dry.: It . decomposed
when plased in a drying oven which was-
mainteined at 60°C. When 1t had been dried on
a porous plate, 1t-eould uot be removed from
the plate as seraping or rubbing. the-drys-. -
purified product. :p:lég&uded dee 9m'p0$-i-§_1 on 'wi th
explosive viclences Oe¢casional success 1§
drying was finally-obtained by drying-in-&..
vasuun desiseator comtaining saleiun ohloride.
To be certain ,;th?fc-'W@:p‘ré&enéﬁ::°f~"~*%*=er
414 not causs the reaction of the pharyle
diazonium chloride with smmonia in the ,?xézme;i |
just mentioned, spesial preesutions were taken
to earyy out the ‘experiments under auhydrous
eondii:@:qns. These triala gave the same rg_éulta
a8 those previously described and the yields

of bis-diazZobenzeneamide were compsrable with
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those obtained in the presence of water. ..The
addition of ammoniun chloride, an acid in the
“ammonia system; did not appreoiably.alter the
yields, . ‘Addition of: 'p'dtmﬁ-ium todidelto the
ammoniay previaua to the: a&dition of: the
’diaaoninm salt, gave no reoognizable yield of
“iodobenzens.

| These experiments: indieatod that:liguid
ammonia could not be used as a solvent for-
the disgo reactions: beoause the ammonia and
diazoniun salt. reasted too easily. with the-
formation of diazoamine and pentazo compouhids.
A search of the literature revealed thai: only
a fow pentazo compounds and their derivat tves,
had been prepareds An attempt was then made to
prepare some additional pentazo compounds and

their derivatives.
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Preparation of His-pediazotolybmide

Reactiones=

N.CL
& + 3NHy —>
Hi¢ » RN

NeN-NNV=NE ] 2 NHC

CHj

Procedures=~The prosedure used in this.
preparation is nearly.identical to. that of
von Pechmann and Frobenius, Ten and seven:
tenths grams (0,1 gram mole).of ptoluidine
were diosolved. in 30-ce. of consentrated
hydrochlarie aeid and 30 cos of water. - The
solution was diagotized 2t 0°C with &
solution eontaining 7.2 grame of. sodium nitrite.
This solution was edded very slowly from-&

-geparatory funnel to 800 ee. of; concentrated
aqueous amuonia {8p.grs 0488) at 0°C... The
ammonia olution was continusously etirred
during the addition. The solution bescame.
yellow in eolor and a precipitate .settled out
when the stirring motor was stopped, . Bubbles
of gos eseaped from the solution. The
solution was filtered leaving a yellow
presipitate which gradually darkened in aire.

The filtrate was allowed to stand and en
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additional quantity of precipitate settled .out
ihi,é?.t. was combined with the first precipitate,
The precipitates were then g ested with werm,
'a% aodiﬁm.,h&drbxide solut ion. forming: a yellow
filtrate and an eranga-brown precipitmte. {I'he
orange-brown preeipitate wss found tc be o 3
prineipally p-dimethyldiasoeninobensons, The
ye llow,. alkaline' filtra"te was . earéful)j}-
neutransed witn Very dilute aeetie aaiﬁ
salution and a eanary yallow preaipitata was
formad. _ Thia preaipitate was filterad offy
diasolved in ice-cold aeetone. and
repreuipitated with dce- wa,tem

The purified p-diazotolylamide was ,
extremely difficult to dry.. As’ previoua ly
meﬁﬁié!}fi’;&ﬁ“ th@;;p?nﬁaﬁﬁ.; ébmpgund.;.swg: not _b,e
dried ona porous. platemit eould not be
removed fi;sr.it}mut 'eip%,é‘me vfl?é_émbs?ﬁi-,$,i°9;,; of the
product. On one odcasion some of the pentaze
compound had been drted on & porous plate and
the plate was being placsd on the laboratory
desk whe:; it ?631?37649?1 violently. Apparently
slight vibrations are suffioient to cause it

to exvrlode. Moderate suecess in drying the



product was obtained by drying the produst on
a watoh glass. placed in a vacuum desiccator
over caleiun ehlorides - Generallys-the- .- -
¢ompound had undergone partial deaomposition
vefore it was completely dry, -Melting point
@gﬁg:minatiopa;wa;eﬂmagawand:the'épmpound
exploded in the melting point bath at
témpemtiiyes from 81 to- a&"a; The; yiélds of
pentazc oompaund wera ffom 2 to 3 grams (17=
25.4% of the theoretical yield)‘

For analysis s the pentazo oompound wag
weighed out on glazed paper and tha aample
diatributed between thrae combuation boata-

The boate were then filled with sopper oxide
powder and plased in the sombusiion furnace -
and nitrogen determined by Dumas method.. The
campound ﬁas.igni%ed~7ery é#retuliysu chaaiona
ally- whentthe aamplee 1n a11 of the bcats were
ignited aimultaneouslyg the explosian'wan
sufficient to blow .out the stoppers 1n the,ends
of the eombustion tube. By oarefulxy 1gniting 4
the eontenta of 3&0h eombustien boat indQVualhyg
the aombuatiqn prqcegéed in the normal menner,

Data obtained by eombustion of the pentagzo
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compound were as followsi:
Weight of sample = +2014-gram
sce of nitrogen “ﬁ”52;5=é6.
Room temperatu e =. 32°G‘
Vepor tenamon of water at 52 G = 55.3 M. H@ss

‘Barometric preaaure = 756. mine Bg

Observed % of nitrigen'= 27.1 %
‘Caloulated % of nitrogen = 27.7%

Preparation of Bis-diazobenzencenids [1.5-Diphenyle

_pentariiend=(1,4)]

Régcfiéh#@Q
e——— ﬂ'
N, Cl N=N-N-N:=N |

. P oeedurgp Kine and three-tentha grama (0.1
gram mole) of aniline was dissolved in 30 ‘cas of
consentrated hydrochlorie aaid and 30 oc; of
waters The aolutxon~was diasotizad at 0°C with
a solution containing 7.2 graus. of sodium nitrite¢
This salution was added droywiaa from a separatory
funnel to 806 66, of conoentrated aquéous ammonia
(sp.grs 0.68) st 0°C. The yollw precipitates

obtained in the same manner as in the previous
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preparation, were extracted with. warm, 5% sodfu
hydréxi&e Soiutiau;‘“The»yéllow calerad»sndium
acetie aoid aolution and a- yellow preexpitate
was . formsd whieh waa very, nnatabla.’ The-
subatance was insoluble in water but digsolved-
"“h desomposition in alcohohethez'v and other
orgenis solvents: It decomposed in a melting
point bath at 72°Cs

The following Dumas nitrogen oombustion
data were obtaineds |

Weight of sample = 02006 gram

éc.?bf ﬁitroged = 5?&4 e,

Room temperature = 50°G -t

Vapor temsion of' water at 30°C = 31.5 mm.. HQM

Barometris pressure = 737 mm. Hg

Observed % of nitrogen = 50.2%

,ealculated % of nitrogen = 31.1% .
On standing or.on treatment with dilute acida “the
bis-diazobenzencamide decomposed into api;ine.

phenol, and nitrogen.
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Preparation of Mig~p-diazochlorobenzencamides

L1s5 bige(4sehlorophenyl)-pdntazdienc=(1y4))

Reactionem-

A
NLCI N;N-x"’N:N
-+ 5NH3 —>
ci cl .

. Procedure,-=In = solution conteining. 50,

Cl

of water and 30 co v':;f’? -eongentrated hydrochlorie
asid was dissolved 12,8 grams (0.1 gram mole) of.
pechloroaniline, The emine was diszotized in the
usual mermer with a solution containing 7,2 grams
of sodium nitrite, The diazotized amine solution
was added to 800 ce. of © onc;eqt;fqt‘eg' -ggﬁeous
amonia of specifio grevity equal to 0.88. At
first, the solution assumed 2 yellow color,
bubbles of ges escaped from the solution, and a
yellow precipitate was formed, The yellow
preeipitate was filtered from the orange colored
filtrate, On stonding, s emall Quemtity of
precipitate was i'._orm:é@__isn the filﬁraﬁé vhioch was
filtered off and ccombined with the first
precipitates

The ecombined precipitates were .reg:f;acte’d

with wé,m. 3% sodium hydroxide solution. The
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8lkali-insoluble residue was found. to be largely
p-dlazoaninochlorobenzene, The sodium hydroxide
§qgfraé‘t solution was neutgg};;zed-v' wi thverydi ;kﬁé; :
acetic acld sq%ptiﬁsﬁ-ﬁAaca@ary;xe%ééwuﬂﬁgéiPiﬁaﬁe
was :?.Q?ééd"“’@jﬁh was. dissotved, in eold méetone.
9#@'rﬁééebipita?ﬁé;viﬁ¥~z§? V???”#;k??ﬁ@???éiPitate
vas-apisd in a vaouun desiosator. over. ealetum
chloride. 1r§-g?%@?f°f;¢?¥lP¥?9§P§§§§?;?FP;i:
obtaineds This compound was very explosive when
placed on a spatula and ??%@p?ﬂfﬁa?%%ﬁﬁiu~1§
@Q?ﬁmﬁ?sfﬁ*W??ﬁ*???#???;§1t§§&g§2§§?§§3;ﬂ?heyz
product exploded at. 90-91°C Li.‘!?f‘.?f:i:.f’i"?..1??,1315;_:?9'1“
apperatus. It wasalightlymluble ine °1"1 "
alochol but dissolved with decomposition when
the solution was heated. |
_ The bis-p-dissoohlorobenzeneamide was. ..

9331Y?9§mf°”"ni??ﬁs?nibY”Pﬁmgﬁ';?9?h9¢iiﬂ.?he
8ame mayner as the previous derivatives, . om
enalysis, the following dste were obtaineds

Veight of semple = 42012 grem

ce. of nitrogen. = 43.8 cc.

Roon temperéz.tu;jg = .289C

Vapor tension of water at 2890 = 28,1 mm. Hg®°

Barometrie pressure = 739 mm, Bg



79

Observed % of -nitrogen = 23.3%

Calculated % df nitrogen =23.8%

The pentasgo-compound decomposed. in boiling
water or dilute seids with the formation. of -

nitrogen, peohlorophenol, and p-chloroaniline.

Attempﬁé to Preﬁaréﬁb¥her Pentazo Compounds

- Attempts were maae to- prepare Several.
other pentazn compunnda but- these aptempts
proved. unaneceserul. In most cases, the
precipitate formed by: the addition of the.
diazonium-aa1t<solﬁtién;toathe concentrated
aqneoua ammcnia waa decemposed before it auld
‘be-isoldted, I these oases, deoomposition
oecured"ﬁefoieféilbér<thewdiazbnium-bait'
solution had been added to the ammania.
Diazanium salts of 4~amino~l.3~dimethylbenzeneg
p-anisidine, and p-phenetidine added to -
concentrated aqueous ammonta formed preeipitates
which immediatsly decomposed. . Both oonoentrated
aqueous ammonta and 11quid ammonia were used
with gyé’samé,reéulﬁaa
_von Peshmaun and Frobenius™ yeported that pe
nitrophenyldiazoniun chloride snd comcentrated -

aquecus ammonia formed only p-dinitrodiazosminoe
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benzene, ' Inthis investigation, p-ainttro~
diazoaminobenzene was the ouly product which
wes 1solated and identified but on several . .
oocesions, it seemed very probable tnat a very
unsiable-pentazo éompéuﬁd'waa-fofﬁea. 2fﬁf ‘
several experimenta an alkalz aoluble compaund
was obtained from thaf p-nitropherwlamzeuium
ehloride-amnania reaction, wm.ch would decompoee
imediately foming la.rge quantizies of blaek
ash, A small samplg of this pr odugt: was placed in
a arying oven (matntained st 60°C) whers-it .
exploded with the deposition of this blaek ash
all. oyer, the insiae of ‘the -ovens
An a.ttempt was made to prepare 3~benzyl~l.5~
:&i;?ésmzpepﬁézé%ene*ﬂM)ﬁ oy the reastion of
yphe mtf%éia?.oyﬂiﬁ?#g’ ehloride on benzyl amines By
coupling the reastants in the mole .ratio of 1
mole phenyldiazonium ehloride to 2 moles of
benzyl amine, pediagotolylbensylamine wes..
formed as had been observed by Goldschmidt end
and Bad143 accardiné %0 the equation,

, H
CHsW,Cl + R GHCRNH, —> CHNN-N-CH C i + ColieCH W, e
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The product melted st 77°C when reerystallized
from ether end: ligroin. crdme

The addition of .2 moles phenyldiazanium
ehloride to 3 moles of ben&ylaamine with ‘the
hope of abtaining the pentaao aampound
acaaxdipg to the equationy

‘ i
_ ‘ .gHs
BC,Hs N,CI +3C HgCH, WH, —> C, Hs Ny NN, Cils + 2 C,HgCH.WH, -l
gave & reddish browa presipitate which.
#ee&ﬂépggi‘with»bheffcﬁéatiénzqf;pgniylgamihe
ané phenai#

Aﬁtempta were. made to: preyare a @entaze
xﬁompaund by caupling four. moleculaaﬁﬁf phenyl~
diazonium ohloride with one moleaule of ethylena
¢;gm§ne,ﬁ ‘In most casesy the brown colorea
prééipiyates»formed;%gwthgbreappignvdgcom99§9¢‘
too aaeilj‘te bevpoaitivelygidentifiedaw;HdWEVer;
using these reaetants in. the ratio of 2. moles of
diazonium salt to three moles of the. amine. a.
solid compound wss ‘9‘*31?@??4 -which was examined
and found qubeegiqe fb135@§nzéna@iaz§gminq§?§§gg¢
This prosedure will be deseribed on the following
pege.
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-Big-benzenediazoaminosthane

Pre aration'éf“

Resetione~-
H u
N, Cli Ny N-CHCHL N N,

4 H,N CﬂiCH‘NH-}_,'—?

Progedures~-Nine and three-tenths grams (0.1
gram.mole) of anilina was diasolved in 2 solution
of. 30 cc. of hydreshloria acid and 50 et of
water. This solution was. eooled_tc 6°G ahd o
solution eontaining ?.SQgrama of sodium nitrite
(0¢164 gram mole) was added slowly ao that the
tamperature ef ‘the solution. did not ezneea 390.
Thia solution was allawed to stand. for fifteen
minutess It W??xtheﬂ’3§¢?§nﬁ? %5991§p§ﬂ19???¥
containing 20 'eea vf:fapyr:td,i:ne, 11;’5. g’i’amﬂ'ff(.enIS
gram male) of ethylene diamine. monohydrate, and
100 ee, of waters &t drice . & da@ﬁ:tan precipitate
was formed which W@S-fﬁ%tered.?fém thﬁa@*?“?i?@éw
blus £1ltrate, The presipitate wes only slightly
soluble in most organto solvents but wes
reerystallized from Skelly solvent: The crystals
were shiny platelets with a light ten color, The
afyatals exploded at 1270C in a melting point bath.

+2.HC|
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mysAe@ﬂ»bia—benzenagiagoam}nog§hgnq§waagg
extrenely unstable~inwacidsa~‘Inaasidavit~~
liberated nitragen with thﬂ formation of aniline
a8 the. onxy reeogniable product.

Forster, Eierz,and Hoshua43 cbtained this
same. praduet frem phenylmagnesiumbramide and
:1.2-diazoethane.; They reoryetallized tha oerude.
.yroduct from petraleum ether {h.p. 80~100 c)
ana found. 1t required 2 1itera of solvent to .
diassolve 8 grams of the c{g l&nbisubenzaldiaaoamino-
.athane. They reported that it melte& with
vigorous gas avolutian at 128“6 and was unstable
in acids. They reported that 87 hydrechloria
aéi& eqnsed lfberwtion of tWOwthirds af tha
‘nitrogan with the formation of. aniline‘

Bartvativms of ?enﬁaso campounds

A survey af the literature revealed that
several pentazdiena compounds ‘had been prepared
in which the. third nittogen oontained some
arganio radieal, hase compounda were quite
stab;g. oinae the hydrogen on. the third nitrogen
-q§ t§e gggﬁamd}ene glgd)Acompopnds,w33<aoidia;,it
seemed feagible that stable derivatives of these

compounds could easily be prepared.
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The following reagents were added to.small
quantities of pentazo compound dissolved in -
benzene or in sodium methylate<rmethyl.ateohol
9?1u?i§n;ﬁacetiévaphréridei_mﬁaéQh%9£9§9€ﬁiP
a@iﬂf>Phenyliﬁﬁqxanatﬁy;Qhéﬁxiiﬁgﬁéééﬁxaﬁﬁﬁép;
ben%qvx.éthti@%ﬁLh?Q@i#ﬁ;i#»aa?k99;§¢ﬁyﬁqh%9nida.
,phosgeﬁé*iﬁ~tolueﬁeg Eenzyl’chloride;nmethyl'
iodide.‘ethyl iodlde. and alooholia silver
nitrate. Of these reagentsg onmy ‘the: latter

the sontass °m“nd9enzoyzemorwe and
carbonyl ehloride geve smsll gusntitiss of.
:p?99ipiﬁaté“ﬁﬁ?Pﬁ?@?u@?Pﬁ@@ﬁp;fq#m@éﬁngggﬁegtx
not be interpreted. iﬁ?iﬁﬁ

Pregaration of Sduethylnl,ﬁndi'he l-pentazdienes

Begct iQ!lg.'f"

CH3
‘.
N:N-— N-N=N

H
N:=N-N-N= CHsT

" NaOCH4

_ Brosedure,--One gram of pure bis-diazobenzene~
gmide.wagﬁdiggglygdving5;9¢. of methyl alcohols A
very smell plese of sodium was. then dissolved in

this solution, One gram of methyl iodide was
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added to the solution and the mixzture was allowed
~tarstan&;.ﬂﬂfter»afperiodfof~0néwh0nf@fa7}
preoipitate was formed, which was filtered oﬂr and
dried onta»poroua.plate.i The produet was, recryst-
allized from ether and melted at. 113-11400.
Goldsehmidt and Baaz."'z. and Dimroth, Eble-and
Gruhl44 prepared thia same’ compound from phenyl~
diazonium chloride and methyl amine.’ ‘They
reyaﬁted”aamélting.pointfofi;185113°q‘vfor
this product.
Prepa rwt?an of 3~Methylﬁl,a-bia-(p-toyl)upentazdiene—(1.4)

‘Reaﬁtionﬁ*“

'.4
N=N-N-N=N |

CH3

Proaedure.--cne vram of : bis~p~diazotuly1amida
wag. dissolved in a solution contuiuiﬂr approximatexy
0.1 gram sodium dissolved in § oc¢. of methyl
aleohol, One gram of methyl lodide was added to the
solution. After standing for two hours at room
temperature, a,preciniﬁaté,maaaformed infthe
,solutian. This pradipitate was filtared from “the
solution and recrjstallizea from ether.‘wmhe yield
of_product wos 0,2 gram, The reerystallized
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produat was yellow in color and melted at 147°C
in a melting point baths

‘This. compound wes prepared in the seme
‘manner by -von Pechmenn and. Frobentus38y; .
G?@@ﬁ?hmi@ﬁ’3#@:3%@%%§“§?393?¢d;thi§-Eﬁ?ﬁﬂuné*f??m"
petolyldiazonium ehloride and methyl amine, They
reported a melting point of 147°C for this .
product. _Aayf”“
Preparation ot the Silver saxt of I.SwDiphenyl-
_gentazdienan(l,il

. Reasgtions=~

O
N:N-N-N=N

 Procedurey--A small quantity of 1,6-diphenyl-
'pantazdiene$(1i4)rwas dissolved in ¢old ethyl
alechol, - Addition ‘of an excess of alecholia
silver. nitrate solution to this solution gave a
yellow precipitate. This preciplitate was
explosive. It was dried and 0.2012 gram of the
silver ﬁalt-waswvegsﬁed;out.an¢;@1a96ﬂ;%#;ﬁ'Parr
bomb, The sample was treated in the mamner
desoribed in Chapter TT, page 59 exoept that the
golution of hydrazine sulfate was omitted.. The
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silver was precipitated by the addition of-an
éxc,eﬁﬂs -of a solution of chemically pure: sodium
ohloride. The solution was -heated to cosgulate
the preeipitatedssilVer-ehloride;:eooled.Aand
the preeinitate was filtered 1nto -a prepared
‘@ooch crueible, and dried at 110-115°c for one
hour.
giving :@;P?rcemasga,?f‘a%l;v-er. : 1n the .Pl;iainal
sample equal tosz"% The oaleulated,
_percentage‘of,siltegkiq;$§ew§i1igggga;p‘ig
equal to 32¢5p. | | |
Lifsahit346 prapared the. pure silver 8alts
‘of pentazo compounds. by acidifying.a solution
of the pentazo compound with nitrie aeid and
tr‘”’.“?.i??& with silver nitrate. .’,.‘.Tl_}%?ﬂ;:?&;?a’ S
tiltered off and‘disablved~in~boiling'pyridine
¢ontaining o small quantity of alcohol« - The:
“Bolution wag cooled and ether waf?a;;asaés#:mn@hh :
preeipitated the silver pentazo oompound, This
method ves tried in this investigation hut the
hest necessnry to dissolve the eompound in
gyrid;ne:caung‘samg-deeqmpositiog of the

pentazo compound.



CHAPTER IV

SUMMARY



Sunmary

le. The reduction of a number of diazonium
salts with alkaline formaldshyde has been-
foun to produce-good yields of h?@?@?%??wﬁ
The best yields of hydrosarbons were obtained
from those dlasonium salts.which contatined en
'9;16¢§r°9 donor group. ?.u#at,iw?@ in the
mmatiemlws . Poorer.yields of hydrocarbon
were 01?*#@%???&_ diazonium salts containing
en elé@ff..m asseptor group substituted in the
?1‘9?‘,‘3'51.".1 nuéleuss This method of, ?:??ﬂ‘?i."?.i?nti:'.
often sm the best yields »;P,f;:.,hxdm?'»;l;‘borsﬁa;in
cases where the slassical method of reduction
with aloohol gave the poorest yields and viee
versa. Henée‘ the two methods (suppla.maut e{aeh
others

2s Twelve triazo derivatives of morpholine
have been prepared in yields of 70-90% eud ths
melt;ng points of tlie’se- dqr‘i.vé.ti‘ves_ g.i;e listed
on page 91, |

3+ Liquid ammonia was found to be unsuitable
28 & solvent for carryig out the typieal

diazonium salt reastions dus to the formation of



90

-

pentazdiene gompounds with the diszonium‘salts.
The preparations of some pentazdiens (1,4):
compounds was carried out and some of their
derivatives.were prepareds

..., =bis-benzoldiazoaminoethane was
prépared by = method which is not reported in
thes 1iteraturs, This compound.had previously
been prepared from phenylmagnesium bromide and

ls2«diazoethane
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Table V

Substituted Diazobenzene Derivatives of Morpholine

Triazo,cempound‘ Melting: Point

Diazobenzene-mcrpholine
Diazdbenzene-(4-methy1)~morpholﬁne“
Diazobenzene«(2-methyl)-morpholine
Diszobenzene=(4-ohlore)-morpholine
Diagobenzene=(3=chlors)~morpholins
Diazobenzene~{4~bromo)-morpholine
Diazobenzene=(4-nitro)emorpholine
Diazobenzene=(4=acetyl)-morpholine. .
ni,&??benﬁeﬁe'-'(4*%°¢#Wa¢)érg!¢rp@m?°
Diagobenzene~(4-carboxyl)=morpholine
Diagobenzene-(4-arsinis acid)-morpholine

Diazoﬁdnzens~(4a8ulfonia acid)-morpholine

28%..
- 48:5°%

180
54;500
24-25%C

88459
133,59
,92?3

178°c

;169°0
179%

177%¢
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