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PART 1
TEE OFENING OF PYRIDIKE HINGS BY USE CF SCDIUM BISULPITE
INTRODUCTION

Bucherer and Schenkel were able to decompese pyridine
by the use eof sodium bilsulfite.t They heated ene part ef
pyridine with ten parts of a feorty per cent sedium bisulfite
selution under reflux fer twenty-four te thirty heurs. At
the end of this time, the mixture was hemogeneous. If one
treats a small sample of the homegeneous mixture with strong
sedlium hydroxide selution, large quentities of ammonias are
given off., 4attempts te iselate in the pure state, the pyr-
idine~godlum bisulfite addition pradnet; were very diffieult.
When the coemplex was made just acld, and subjected te a steam
distilletion, it decompesed, giving pyridine and sulfurous
acid. Later experiments showed that the intermediate was al-
cohol inseluble. Purification of the intermediate could be
accomplished through precipitatien of the excess sulfites and
sulfates with an slcehoellec solutien ef g barium salt of such
an scid, wheoese sodium salt is alcohol seluble. This require-
ment was met by barium liocdide. The reasction mixture was care-
fully neutrslized with sedium hydroxide selutien, and encugh
berium lodlde added in the oceld, te precipltate the sulfites
and sulfatea. In erder to tell 1if the precipitate is complete,
it was necesaary to treat the filtrafa.with barium ledide.
Next, the filtrate was evaporated in a vacuum at as lew a
temperature as possible, and the residue extracted several times.

with ninety~six per cent alcohol.
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When mixed with alkall 1t turned brown (mere gquickly by
warming), with evelution of ammonia. From his analysis,
Bucherer belleved that the equatlion for the formation of the

bisulfite intermediate could be represented as follows:

H 050, Na

C
Moo RN
H-C/ \C-H H,_\C C-Hy
+ 3 Na HSO -
” !:-H 3 Na0,50CH HCOS0,Na
H-C g ~

The preduct fermed when this intermedliate was trested with
sedium hydroxide soluticen, was net lsolated by Bucherer and
Schenkel. They belisved that the product wus a dialdehyde

pelymer, however.

Later, Schenkel was able te iselate a derivative of the
diagldenhyde which he and Bucherer had belleved to be fermed.?
This was accemplished by heating sn aqueeus solution of the
ester with sodium hydroxlide selutien until ne further ammonia
was glven off. The sulfite precipitate was flltered off, and
aniline added. The mixture was warmed en a water bath and
then acidified cautiously with hydrechleoric acid. A dlanilide
precipitated as red needles. Schenkel belleved the equations

invelved could be represented as fellews:
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Schenkel was wlso able to prepare a derivative of 'the
pyridine~sodium bisulllte additien preduct, by allewing this
intermedigte %o reaoct with phonyl hydrazim.z His snalyasls
suggests the fellowing equation:

050, Na
H /OSO,_NG H\C/ 2
PARN 7N
HiC C~Hy H,- C C ~-H,
+
N~ >
| I { H c COSO, N
Nq0,50¢C €050, Na Na0, 50 ,Na
\N{H NH, N

N
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FakT I
EXPERIMLRTAL
Preparation of « Bilsulfite sddition Preduot ef {uineline

sulfur dloxlde was psssed inte one mundred fifty-four
grams of sodium hydroxide 1n slx hundred grams ef water, thus
giving one thouvsand grams ef a feorty per cent sedium blsulfite
selutien., Teo tixls seclution was added ene hundred grams of
guineline, puriflesd by a vacuum dlatillatien, The rasulting
mixture was hested under reflux fer five days. Lvery ifteen
hours, & snall sample of the resction mixture was withdrawn
and treated with strong ceaustic selution. At no peint, was
the oder or a test for ammenia observed. During the peried
of refluxing, the resctlion c¢hanged frem a reddish yellew one
phase system te s light yellew two phase aystem, with the evo-
lutieon eof sulfur dliexide. Lvery fifteen hours the regsction
mixture was ceelad, and sulfur dloxlde passed inte 1t fer thir-
ty minutes, after which the refluxing was continued, it the
end of the five-day reflux, the mixture was cooled and twe
layers ssparaetod. The top laysr contained ferty-five grams of
unrescted material. Henoce, sppreximately fifty-five greoms ef
quineline rescted. The bottem layer, which was yellow in esler,
was extracted three times with ether. The ether did net re-
meve the yellew celer from this layer. The ether extracts
gontained ne quincline, The clesr yellew aguoous selutlon was
concentrated under partlsl vscuum, three hundred sixty c.c. ef

alear liquid being distilled. The distilled liquid was deubt-



lessly sulfur diexide and water, since ne culreline eor asme-
nis was formed when & sample wes heated with sodium hydroxide
selutien. At this point, the residus liguid dbecsme red-yellow
in celor, prebtably due to concentratien. after a short time,
& selld sepurated from the residual liquid. This selid was
collected on a filter and ssved fer further censiderstion.
Next, the filtrate frem the last eperution was ceoled in sn
ice~sedium chleride mixture, and the selid fraction which sep~
arated was cellected as ebove. The filtrate was next cocoled
in an lce hydrochlorio acid medlium. The solid formed was ulse
collscted us abeve. HNext, the filtrate from the latest opers-
tion was placed in a ®dry ice"” ethyl sloehol mixture., 4 selid
separated, wiiloh was yellow in celer. If s sample of this mu-
teriul was heated with sedium hydrexlide selution, quineline
was formed., .4ll the other samples sbeve, when heated with so-
dium nhydrexide, gave ne ammenia or guineline. In fact, they

ssemed to be entirely inorganie in neture,

A8 attempt was mude to free the last-mentioned yellow
sellid frem sedium bisulfite. By analegy te the pyridine cem-
plex, it was declded te use Darium ledide as a precipitating
agent feor the sulfite remaining as an impurity in the yellow
selid.t Therefere, thirteen grams eof this substance, disselv-
ed in & small quaentity ef water, was sllowed te react with a
selutien of barium lodide centaining sighteen grams of bLarium
iodide, After standing over night, the mixture was filtered
wnd 8ix grams mere of barium ledide gddad. The mixture from

this eperatien was filtered, the filtrate weks then evaporated



in & purtial veocuum. The residue thus ebtalned was extract-
ed with het ulcehel. The seiubilities of the yellew sub~
stunce and barium ledide are se¢ nearly the ssme, thst it was
found lmpessible te smeparate the yellow sudbstance from dbarium
ivdide, Henoe, the gttempt at purification by use of barium

lodide wus & fallure.

ireparation of Burium ledide

Barium ledide selutlon was prepared by adding sn excess
of constant beliling hydregen ledide seluticn te & barium hy-
drexide selutien. Te get rid ef the exceas hydregen ledids,
there was added an excess of barium carbensts prepared from

barium hydrexide snd carben dioxide.

Hext, ansther batah of guineline-sodium biszulfite inter-
mediate wus made, using the same guantities ef reagonts as
wer'e used abeve. The enly changes in the precedure were as
followas The poried ef refluxing this time wus three dJays,
and the reaction mixture wus stirred with a mechanical stirrer,
At the end ef three duys, the reaction mixture was sllowed te
aeel and atecd in a well cerked flask for three menths. Only
one phase was ebserved at the end of this time., The resctisn
mixture was extracted twice with ether. The ether extract
contuined me guineline. The&uReeus pertion was werked up as

fellows:

On ceeling with ice and hydrechleric scid, a yellcw selid

procipiﬁaﬁéa and was filtered. 7This material, whisch Became



semi~liquid at reem termpersture, was collected on a fllter
(sample 1), and the water remeved from the filtrate by a
veouum distillatlion (Semple IX). Next, the filltrate from the
ice~hydrechleric acid treatment was cesled with & mixture ef
"dry 1ee® and sthyl ether. 4 selid, whioh we shall call
Sample I1I, wus obtained., The filtrute from Semple III vwas
soncoentrated to ene-halfl its eriginal velume by a distillatioen
under & partial veonum. The concentrate was ceeled with lce
and hydrechioris acid, Sample IV besing precipitsted. The
filtrate from Sample IV was ceoled wlth "dry ice” and sthyl
ether, Ssmple V being preoipitated. The filltrate frem Sample
V was oencenirated te oene~half its erigniasl volume and a yel-
lew precipltate, Sample VI, was ebtained on aseling with ice.
The filtrate from Sample VI was cosled with 1ce and hydrechle~-
ric wcid. A preoipitate was fermed which we shall osll Sumple
Vii. The seven different samples liated abeve were dried in
deasloutors, and &« mliore sedlum detemination rum en ssoh ssm~
ple. 24

Results of Sedium isnelysis

Sample I
Trisl 1. Yelght of samplo- 4£.400 mg.

welght of sample sfter heating- 4.266 mg.
{as Rapfeq)

Sedium in cerpwund~- 31.14%
Trisl 2. vwelght of sample- 3T.462 mg.
ielght of sumple after heating- J3.3391 mg.



Sample I1
Trial

Trial

Ssmple IIX
Trial

™rial

Sample IV
Trial

Prisl

Sample V

Trisl

risl

1.

o
»

1.

2.

1.

2.

1.

Ce

Sedium

elght
Jielght
Sediun
deight
welght

Sedium

delight
vielght
Sedium
Welght
Weight
Sedlium

“Yelight
Welght
Sedium
ielght
delght
Sedlum

Weight
Jelght
Sedium
Welght
Welight

in

of
of
in
of
of

in

of
of
in
of
of

in

of
of

of
of

in

of
of
in
of
of

cempound- 31.73%

sample- 4.698 mg.
sample after hesting-
asmple- 28.40%
sample~ 4.274 mg.
sample dfter heating-

sample- 28.03%

sample~ 5,495 mge
sample after heatling-
semple- 29.25%
sample~ 3.865 mg.
sample after heating-
sample- 29,229

sample~ 5,462 mg.
sample after heating-
sample~ 29.60%
sample~ 5.241 mg.
sample after heating-
sample- 29.61%

sémyla— 3417 mg.
sample after heating-
compound~ 13.68%
snmble- 3.944 mge
sample after heating-

4.118

3.698

4.962

S.48"

4.990

4,791

1.443

1.675

nLe

524 <0

mge.

mnE e

ng.

mg.



Sediuwm in

Sample VI
Friul 1. selght ef
veight of
redlium in
Trial Z. wolght ef
deight ef
Sodium In

Sample VII
Trial 1. weight of
delght of
Sedium in
Trial 2. welght of
weight eof
Sedium in

Sample V was purified in the feollewing way:

sumple~ 13.67%
sample- 4,765 mge
semple after heating-
sample~ 16.08%
semple- 3,058 mge.
sample after heating-
pample~ 17,010
sample~ 4,215 mge
sample after heating-
sample- 13.55%
sumple= 5,054 mge

sample after heating-

sample~- 13.645%

:

~ed88 mge

1.6&6 BZe

1762 mge

24120 nmg.

Thirty~-twe and four-tenths grams ¢f the material were

dliasolved in s small gquantity eof water, and ninety-five per

ocont alcehoel sdded until gloudiness Jjust appeared.

The walepr~-

slcehel solution was now coeoled In an lce~hydrechleric acid

hixtum »

regults f the sodium

Trial 1. welght
#sight
Sed ium
Trial 2. weight
welight

Besutiful cream ceolorad crystals were eobtalined.

anslysis sre a3 fellewsa;

of
of

in sample~

of
of

semple~ H.2096 mge.
sumple sfier hesting-
134455
sample- 3.,5%0 mg.

sample after heating-

The

Je44d BT

1.505 N
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sedium in sample~ ,18,3(}%

Sample VII was orystellized in & manner similar teo
Semple V, ésmia V1Y, after seversl orystallizations, gave
& sodium anelysis practically ldentliosl te that given sbove
for Ssmple V.

Sample VI was alse erystallized in s matner similar te
Sample V. The precipitate thus fermed gave an ash eanalysis
almeat identical with that ef Sample V. The selid material
obtained by eveporatien of the flltrate, gave an ash snalysias

a8 follewsn:

Trial 1. velght ef sample~ 5,020 mg.
Weight of sample after heating- 4.787 mg.
Sedinwm in sample~ 30,807

Trial 2. Welght of sample~ 5,230 mg,
#elght of sample after hesting~ 4.928 mg.
Sedium in mﬁlo* 30,50%

Theeory:
Sedium in sedium dilsulfite- 282,17
Sedium in sedium sulfite~ 32.4%
Sedium in quineline 4 2 moles sedium bisulfite- 13,65¢
Sedium in quineline 4 1 mele sodium Disulfite- $.8%

Resulte of NHitrogen (Dumas) 2Analysis

mpl’ V.
Trisl 1. Welight of mample~ 5,V1: mg.
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Preagure~ 2Z9.9 inches of meroury
Temperature- 21° C.
Velume ef gas« .16< c.0.
Hitregen in semple- 3,817

Triel 2. #Welght of sample~ 11.65 mg.
Pressure~ 29.9 inches ef mercury
Temperature~ £1.4® C.
Velume of gas~ 381 Q.0

Hitregen in sample~ 5,75%

Theory:
(uineline + 2 moles ¢f sodium Lisulfite~ 4,10% Np.

Treutmont of the Quineline-Sodium Bisulfite Cempound
with Sedium Hydroxide Solutien

Twe grams of the intermediste disselved in twenty c.c.
of water were refluxed for thirty minutes with elghty-eight
handredths grams of sedium hydrexide. Then the mixture was
sooled and extracted with ether, Both the ether extrsct and
the agueous layer were made acid with hydrechleric asid. A
whlte 80114 mass was lsolated from the ether extract. This
material was ldentified as quineline hydreoohleride, During
the refluxing of the intermediate with sedium hydrexide, ne

ammonia was given off,

In an offert te prove that quineline was the enly organie
predust formed ln the wbeve reasticn, beth reastants and pred-
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ucts were weighed on a rough anslytical balance.

Datas

Welght of intermediate taken- 2,00 grams

Helght of sedium hydreoxide (C.P.)- 0.88 grams

0.88 grams sedium hydrexide = 1.28 grams sodium chleride

2 grams of intermedliate sheuld give 0,812 grams sedium
c¢hleride

Tetal sedium chleride (theery)- 2,19 grama
Welght ef quineline hydrechleride obtained- .48 grams
Weight of sedium chleride ebtained- 2.10 grams
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PART I
DISCUSSION OF EXFERIMENWTAL HELULTS

Buchorer and Schenkel were able to prepare a compound
contalining one mele of pyridine to three males of sedium bi-
sulfite, by heating pyridine and sedium bisulfite solutien,!
#hen this material was treated with sedium hydrexide solution,
large quantities eof sxmenis were given off. Later, Schenkel
was &ble to iselate a derivative of the aldenyde, from the

reaotion mixture.©

The purpose of this Investigation was to apply this re-
action te quinocllne. Thsrefere, a mixture of quineline and
sodium bisulfitewere heated under reflux for several days.
Prom the reaction mixture, was laelated s mixture of inerganic
salts and & quinoline-containing mateorieal. It was very diffi.
cult to separate the inorganic aalts from the quineline sodium
bisulfite interme late, bLeocause of thelir great similarity in
selubllities. Barium lodide wus used as the salt te precip-
;tato the excess sulfite, bscauss it was hoped that 1t would
be peoasible te extract the residual sedium 1odide and excess
barium lodide by use of glochel- just s Busherer was able te
de in case of the pyridiﬁﬂ~aﬂdium%b&sm1fiﬁai&ntommgﬁi&&&.l
It was found, however, that the quinelins sodium biszulfite
intermediste was too seluble In alcoheol to make this separa-
tion pessible. 7The guineline~sedium bisulfite intermediate
was puriflied by crystalliging from water the various fractions
frozen out of the resction mixture. By running sodium snalyses,

ont was sble to ascertain which fractions were rich in inter-
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mediate preduct, and which enes were chiefly sedium blasulfite
and sedium sulfite. After a number of orystallizutions, a
sample was obtained which waa analyzed for ene mole of guin-
eline te twe moles of sedium bisulfite. Doubtlesaly the

intermediste was somewhat impure, since the nitregen analysis

wad net as geed a8 1t should have been., The equatien fer the

reaction may be represonted «s fellews:

H H ! _ 503N
{ ' /C\ /C‘\
C ] C _ C C~Ha
H~c/ \c/ \C_H H-C H H
' || l +a Na HSO3 c Cc S0,Ng
H-C 3
H-C C ~H U
o H H

When the quineline sedium bLisulfite intermediate was
treated with sedium hydroxide,selutien, the quineline ring

did not break as expected, but imnstead, quineline was regen-
erated.
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FART 1

SUMRARY

1. &n intermediate containing ene mele of cuineline te
two moles of sodium bisullfite, was ebtained by heating a

mizxturs of guineline and sedium blsulfite selutien.

Ze #Hhen this materligl 13 hegted with sodium hydrexide

splution, quineline is formed. No ammonia is fermed.
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PART Il

THE AFPLICATICH OF THE BUGHERER KEACTION
TO 5 AMINO AKD B HYDKOXY QUINCLIKES

IKTRODUCTION

Tue Buehoerer iesctlen 1s a reaction inveiving the use
of amrenlium bisullite plus excess amnenla In the ocnversion
f & pherellic substwnce inte an smine, The reaction i ravers-
ible, hence it is pesszible te use this reaction for the con-
version ef aremutic amines inte the corresponding phencls.
One mnay use primary or secendary sliphatic or aremstic amines
and a bisulfltes in the place of amzcnium bisulfite. In this
case ene eblalins elther & secendsry or tertiary amine, de~

pending upen the amins used.

Bucherer was not the first persen te use & sulfite as u
catalyst In eminstion reactlena. The first infermaticn con-
osrning this reactien is found in a pstent issued te wven XK.
Lepetit in 1866.% Lepetlit found thet by beiling nspnthionie
scid for a long time with u concentrsated selutien of scdlium
bisulfite, adding dilute hydrochlerie acid teo deccompesse the
‘excens bilsullite, and finally &dding sedium hydroxide solu~
tion, smmonla 18 evel.ved, and & peed yleld of alpha naphthel
gulfonic seld fa produced, Several years later, similer re-
sctions (luvelving l-nsphthylamine-7-sulfenic secid , 1, &
spino-nsphthel-4~gulionic aoid, ete.) wers pstented by &
germen dye company. It was net untll several yesrs later,

that Bucherer began te work with the reactlien. The resction
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should be considered largely Ducherer's, becauses he and hls
students did meat of the early vwork on the roactien, It wae
pucherer wio shewed tha® the reasction was reveraible.® rer-
haps the reacticn shoeuld be called the lLepstit-Bucherer Le-

action.

The Buohesrer Reaction has a great commercial uase in the
dye industry. It effers an ecasy methed fer the preparation
of beta-naphithyl amine., It is alse possible to megke varlocus

carbazeles by uase of the Bucherer lissotien.

Bucherer and his students developed g mechanism by which
the resction was supposed to take pla&a.s Bucherer's mecha~
nism has been diacarded for ens more nearly In accerd with
the factas. It 41d serve as a very useful working hypethesis,
hewever. AcScording to Bucherer, the nsphthel er naphthyl
snine firat rewcts with the bisulfite te glve a naphthyl
sulfureus acid ester mederately stable in dilute mineral acids;
that with an alkall it would sgpenify readily; end with esmonisa
would be transfermed inte naphthyl amine. The reaoction may dbe

represented as follows:

Na HSQ NH
C o H, OH = C,oH, OB0,Na e CioHr NH,

NCIO H NO H\503

The experimental ovidence for the above mecheniasm 1s net very
goed, Buoherer was noet lertunate encugh to isclste the sddi-
tien preduct in & form pure enough for a geod anslysis.
Buchierer's sulfurous ester interwmediate 41d net behgve as a
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sulfureus eater sheuld. DBucherer, himselfl, noticed that with
naphthels, as the progress of the blaullite resctien preceed-
ed, the essze eof coupling with a disze compound deeressed.
This conditien demonstrated the nacessity of a new formmlas
which is nen-ceupling with dlaze compounds., !lence, the sater
salt intermediate was not correct. Huche and 5tix® have been
ables to detect expsrizentally, that hydrexy naphthalesnes are
capable of existing in tautomeric foerms. It is obvious that
fermmla I is truly in the enol form, formula II is an unsat~

urated meno-ketone, and formla III, am unssturated cyclic

diketone.
1T
T us o
H ° f il
H OH [} c J
h / c ~. 7 O~ _
2O weo” N eeu wmc? Y T
T T S
- c 0*4{ H-C c S —H
H"c\c_/’\/cq{ ) %\c/‘\c \\c//\\c7/
J u" /
o(u *'* Ol“ H 0 H

fioreshtzow and his co-workers prepared the bisulfite

addltien preduet of Z-naphthol-l-sulfonic acid very czrefully.
They belleved that seversl previous workers haead feiled to ob-
tain the true blsullfite intermediate because they carried cut
the reaction under teo drastic cenditiona. w#oreshtzow carrled
out the reasction in the cold; he passed sulfur dlexide inte
the water solutlion of the dl~sodium salt until sesturetion was
reached. Long, glasay needles geparsted frem the resction

mixture. Next, the erystals were filtered asnd washed with
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alecolwl and then drled carefully at 100° C. The reactien

may be repreasented by the fellowlng equation:

50, Na H_ ,50,Na

O Na OH
05Q, Ng
L Thorso. — (0

Horosbtzow's analy#ia i1s a8 fellows:

Found £C 34.61 AR 2,73 IS 18,41 fEa 12.88
54 .43 2.69

Calculated for the addidion preduct, CyioHgSzO7Napy

AC 34.26 ZE 2.8 &3 18.02 $Na 13.13
Caloulated for the sulfurous acid ester, CyHgSpOgNag

B 56,12 4E 1l.81 %3 19.81 %Ha 13.85
Frem the data given, 1t is ebvieus that the true intermediate
is that given above. The abeve intermediate iz by ne wmesns
the only ons of its kind ever 1selated. . mmber of such
intermedliates have been 1selated. PFuchs and his students iso-
lated the bisulflite additien preduct of 2,7-dinydrexyruphthea-
lanays They found that by pasaing dry smonlas over the additien
product contained in a combustion tube at 100UC., one was sble
to substlitute an anine greup for the hydroxy greup in the bi-
sulfite additlon preduct. Thoey used a U-tube charged with
8011d potassium hydrexids te cellect the water szet froe. The
reactien nay be represented by the fellowlng equation:
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T 1T T
& f A :
Ha-céc\c/c\c/é):oa”q Ho—c/ NS CO'ZOZNQ o o \c/ NconH,
e 1
e TN C-H 'u—c§§o//c\\¢4¢c—u u-c\§c//c\\ P

Compound II decocmposes in the presence of wuter. If the
water suspension 1a amoidifled and extrascted wlth ether, III
is obtained., If II is kept even in a dessicater, for more
than a shert time, 1t decemposes. The determination ef the
water given off in the fermatien eof II, tegether with the
determingtion ef the amount ef nitregen in II, makes one be-

lieve thut II really was lselated.

woroshtzew found that the bisulfite ilntermediate decen~
poses readily in water seiution, inte its eompcnents.7 The
dlsseclation increwses with dilution. The decempesition of
e bisulfite intermediate is mere rapid in the presence of
hydrexyl iena. This 1s true even in the case ef such s weak
base as sodium bicarbenate. addidlen ef hydregen ion increases

the stabillty of the bisulfite intermediate in water selution.

Franzen was the first person te zpply the Bucherer Heac~
tien to hydrazinea.a The precess 1s different from the erdi-
nary Bucherer Resctien, only that in the plaae of using ammcnig,

one uses a hydrazine. Franzen heated an agueeus selutien eof
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alpha~naphtliol, hydrazine sulfite (exceas), and hydrszine
hydrate fer a leng time under reflux.” He was unable te iso-
late aslpha~naphthylhydrszine in the pure ferm; he was able te
iselate the hydrazine as & hydrarzens, hewever. Franzen was
able to ebtain 2,3~-naphthyldihydrasine frem 2,3-dlhydrexynaph-
thalene, hydrszine sulfite, and hydrazine hydrate, Accerding
te Franzen, the forsatisn ¢f hydrazines by the Bucherer ie-
action may be represeanted by the fellowling equations:

HOH 4 (NgHg)e « HeSO3 ROSOgH(NpHg) 4 NpHg 4 H,0

HOSOpH(NpHg ) 4 2NpHg=w=== [NH- NHp 4 NoH, . H303z
Eowsver, laler werk has shown that this mechunliam is rrobably

incorrect. The cuhlef difficulty in the preparutien of hydra-
zines by the Bucherer Heaction, is that the hydrazine formed

alse reacts with bisulfite, giving s ocarbazels.

Bucherer and his students suggested a mechenism by which
carbazoles may be preduced by the Bucherer Reaction.1C The
foilowing equations 1llustrate Bucherer's mechanism:

T. I, I
" oo
0S50, Na N-NH N — N
- =
I H Ir l
[
QOrWae
{ | ————
SO3NO NQHSOa

- -

“"‘
N N

f
603 Na H
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There are seversl weak points in Bucherer's mechanism. It
seems unususl thet & hydrsze cempound would be exidized teo an
4z0 cempound in the presence of a sulfite, which is a reduc-
ing agent. alse, Buchersr's analyticsl results wers not sll
that they should have been. PFriedl¥nder attempted to find the
real mechanism of the reaction. Friedl¥nder sbtained sm inter-
mediate In the carbazole syntheals which had ene of the first
twe Pormulue listed below;il

T o Iir.

‘ ‘ H ‘ ‘
‘ N ‘ ‘ N ‘ ‘ N
{ ]

503;Na %%

Formuls I centalins three and forty-eight handredths per cent
hydregen; Fermuls II centains feur gnd fifteen-lmndredths

per cent hydregen. 4n shal¥sis’of Priedlinder's Iintermediate
geve four and two-tenths per sent hydregen., If Bucherer's
intermediate (Ijwere correct, asymetricsl methylhydrszine weuld
not underge the Ducherer ileactien. Friedl¥inder was able te
cbtuin 111 by allewing beta-narhthel, sediym bisulflte, and
esymetrical metlhiylphenylhydrazine te react under the proper
gcircumnstances., rFrom this evidence, Friedlander concludes that

Permula IY 1s an intermediate in the reaction.

Puch and NHiszel alse worked en ths mechsnism sf carbarzele
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formaetlion through use of the Luc.erer staction. The ecuations

Leleow illiustrete ruch'!s mechanismnm:
Iz,
H:.

OH HN N
+NoHSO — 50;Na

+ H,C

Xr

NN

11 -

H
b 0

S0 Nq

The reaction muy alse cocur as fellows:

Compound II wus ilselste by iriedlander. 4 smell quantity
of VI was lsoluted Ly ruchs in the preparsticn of the carba-
zole. kuchs was able to make Lne curbszele by heating for two

and ono-nalfl hours, a sciution of this diemine ssatursted with



sulfur dioxlide. The yleld 1a reported te be slghty-nine
rer cent that ef theery.

Let us now gensider the conditions under which the
buanerer heaction tukes plece. The resction is carr;ed out
in the liquid phase (water selutien), and ususlly a large ex-
cess of bisullflite is added. The time and cenditiens vary with
the particulsr reasctien in guestien. Some of the resctions
must be carried cut in a sesled tube., It ia not necessary te
iselate the bigulfite additien preduct in the resctien. The
yield of product will depend upon the substances used in the
reaction, and moat of the yields wre reported as being goed.
It 1s usually easier te convert an arematioc amine into a
phenesl, than it 1s te convert a phenel inte an amine. Very
aftan the latter requires a sealed tube reactien.

There 15 ne mantien eof nyﬁueharor Reactien being carried
out with pheneol. HHeowever, dihydrexybenzenes de reaot with
sodium bisulfite, It was found that when ten grams ef h:idreo-
gquinens and ene hundred grams of feorty per cent sedium bisulfite
aolution, wore heuted under reflux fer five te uight dsys, &
celorless solid separated frem the resction mixturei® From
the analyalis, one learns that the selld is e cempound centain-
ing thres seodium bisulfite molecules te one moleocules ef hydre-
guinone. Fuchs states that the compound is formed by the
fellewing resctlon:
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O’H oH 503Nq
¢ \C/'
2N TN
c c~H H.~¢ C-H,
| Il + 3NaHSO, — | |
C < ~H c-H
cH z
N - Na ~ 7
<
' N
oH oM 50,Nq

Puchs exldized the free sxcld derivative of the bisulfite
complex listed abeve. Ee eobtained oxallc, malelic, and suo-
¢inic acids. This is further evidence that the sbove fermuls
is the true formmle. Similar results were ebtalned when other
dihydrexy benzenes wore used. The additien preduct was net
trexted with esmeniu te give the ocerrsspending dlamline, for
Fuchs was interested in stﬁdyina the tautorerism ef phenols,

net aninetion resctions.

«ith dlamine nuphthulenes and sodium bisulfite, the main
rezctlion consists in the conversien of one amine greup inte
the sulfite intermediste. Thus, l,8-diaminenaphthalene glves
the aulfite addition preduct of B~amine-alphsa-naphthel which
can be converted inte 8-asmine-alpha-nsphthel. In case ef the
1,5~dlgninensphthulene, the main product is S-amino-ulpha-
paphthel sulfite, which gives en hydrolysls, S-amine-alpha-
naphthel. Small quantities eof 1,05~dihydrexynuphthulene are
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alse formed in the resction.

Let us now oconsider the effect of sulfonic scid groups
on the comparutive euse with which the Bucherer HKeaction
takes place.14 Per =ll practical purpeses, & sulfeonic acid
group substituted in a ring which dees not centain the hydrox-
¥yl greup, has no offect on the speed of the reamctien. Substi-
tution in the para pesition inoreases the euse of the resctien;
substitition in the meta positien decresses the speed of the
reaction. The nature eof the smine used alse has an effect on
the speed of the resction. Fer example, para-phenylenediam!ne

and para-anlisidine resct easier than dees eniline,1®

If ene treats Z-hydreoxy-S-nsphtheoeiec acld with smmonia und
smmonium sulfits, beta-naphthel 1s formad.lﬁ At first glsnce,
one would think it unususl that the cempound mentlioned sbove
should lese carben dlexide. However, if one ceonsiders the
"koeto" mechanism fer the Bucherer Reactien, one can see that it
is possible to consider 2-hydroxy~3-naphtholec acld as a beta-~
keto-scid, DBeta~ketoaclids lese carben diexide resdily. Hence,

one would expect this compound te lese carben dlexide.

soreoshtzew snd Bagdanew applied the Bucherer Heaction te
certain nitrese naphthals.lv They repert that l-nitreso-beta-
naphthel unites with sedium hydregen sulfite te cive an ilnter-

mediate which has an empirical fermuls eof Gioﬁsosﬁsﬁé. This

does not agree with Bucherer's mechanism. Woroshtzow states
that this intermediatehas one of the twe possibilities listed

below:
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7@@6%Na NOH

_OH OH

low the HN-mothyl ether of l-nitreso-beta-naphthel rescts with
sodium bisulfite te give sn addition product that has prep-
erties guite similar to that formed from l~nitrose-beota-
nuphthel. From this it seema that the nitrose compound re-
acts in the guinone~exime form, and IXI is the cerrect inter~
nedlate., wWhen 4~snde-nitress-alpha~naphthels were treuated
with sedium bisulfite, ornly the 4-nitrese-aslpha~-naphthel rave
the addidion produet. asbility te add sodium bisulfite is
found enly in those axe, nitrese, and sulfenic acid deriva-
tivea of naphthols in which the groups ccoupy positien one,
while the hydrexyl group is in position twe or four. Faphthel
derivatives, ln which the uzo, sulfenic ecld, or nitrese greup
is in posltien &, %hila the hydroxyl derivative is in pesition
one, Jdo not add hydregen sulfite,

woroshtzow and Kogen heave applied the Buchersr Heuction

; 18
te hydrexyquinelines, They cempared the similar properties of
the two fellowing bisulfite intermediates:

L. L
N ~N-C Ny 50,Nalp) N ~N=CHq 503 Na(p)
96 o0
HO O50,Nq

4O 05G,Nq
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They found that the hydroxyquireline derivative acted similar
te the cerrespondling naphthel derlvetive., For example,
hydregen lons Increased its stablillity; hydrexyl ionas increas-~
ed 1ta decomposition; the extent of dissoclation ineressed on
dliution. Xogan compared thes propertiea of H-nitroso-6-
hydrexyquinoline with those of l-nitroso~beta-naphthol. Bew,
l~nitrogse~bata-naphthol rescts with sodlum bisulfite amoccording

te the following ecuations

NOH NOH NH,
_ aH o
(T menso, — (T o (L
H.50,
503Na

Keran gshowed thaet the following similar resction eoocured for

quineline derivatives:+¥

NOH NoH NH,
N0 oH oH
+ NaHS0, —> “ 50,Na > Q‘

z H,50, _
SOy

Joreshtzew and Kogan spplied the Bucherer Hegotlion te
€-and 8~hydroxyquinoline. They heated thirty grsms of 8-
hydroxyguineline, ene hundred and twenty grams of smmonium

sulfite solutlen (from thirty grams twenty per cent smmonia
and sulfur dioxide), and forty grams of twenty per cent ammo-

nig in an sutoeclsave at _150O C. for six to seven hours. On
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working up the resction mixture, twenty-six and four-tenths
grams ef B-smineguinoline were obtained, 6E-aminequincline and
S~-aminoquinecline-5-~sulfenic acid were prepared under similar

conditions. The reactions may be represented by the following

equatioens:

Ho 503NH4 H so NH4

H H
oH 503NN4 503"“"*
-+ NH+ HSOJ ——
ll ll . NH,



FART II
EXPERIMERTAL
rreparation of S5-Kitroquinoline

Te £Aifty grams of quincline (purifled by & vacuum dis-
tilletion) in & porcelaln evaporsting dish ceelzd by cold water,
was sdded gredually from a burstte sizxteen and five~tenths c.o.
of fuming nitric acld (sp. g. 1.5).21 when celd, the solid
cake of nitrate wass roughly powdered, und added in five por-
tions to fifty c.c. of concentrated sulfurie acid ocoentsined
in a liter flazk; ten c.c. of Tuming sulfuric scid (sp. g.

1.7) was added after each gddition of nitrate, keeping the
mixture ¢o0ld at all times., The completion eof the resction

wea recognlzed by dilutingsa few drops of the mixture with
water, w«nd neutralizing with csustic soda. When the ader ef
the quineline no longer existed, the resction was considered
gomplete, The entire reactieon mixture was thon poured inte
two liters of water, oeoled and flltered from a amsll quentity
of yellow crystalline materiel, and then gradually neutrslized
with sodium hydroxide selutien. The precipitate formed was
cellected and crystalllzed twice fyom dilute nlitrle szold
(twenty c.c. concentrated nitric acid te itwo hundred and forty
CeCe 0f water). Tiis process separated the H-nitre compound

from the 8~nitre gompound,

The nitrate of the S-nitre compound was mixed with water,
and caustic soda was added until the mixture was decidedly
basic. The mixture was then bolled until it remaine basic teo
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litmus paper. The S-nitre compound wasthen filtered, dried
in a vacuum dessicator over phesphorus pentoxide, and
erystallized from petroleum ether (b.p. 80-100°). The m.p.

WRE 72’, and the yield was 3evenieen and five-tenths grams.

Preparation of S~-aminequinoline
I. By Reduction ef S~Nitregquinoline with Iren and Acstic
Aeld

Twenty grams eof S5-nitrecuineline were diasclved in twe
hundred c.c. of warm (50°2 C.) rifty per cent acetic acid,
and reduced with sixteen grams of iren pewder. It was neces~
sary to add the iron powder slowly. At ne time, was the tem~-
perature of the reuctisn mixture sllewed to ge abeve 60° C,
Next, the reaction mixture wss dlluted to slx times its velume
with water, and hested for one hour under reflux. During this
time, alr was blewn tﬁraugh the mixture, the objsct being te
oxldize ferrcua lions te ferric lems. The mixture was next
filtered (te remeve iron oxide), and the filtrate evaporated
toe dryneas. The residue was extracted seversl times with
ether. The ether extract contained three grams of S5-asminoquin~
eline, which after crystallizing from petreleum ether had a
melting point of 109 te 109.5°. The hydrochleride made from
the gbove amine was not inseluble Iin dilute hydrechloric selu-
tion, s reported by Dikshreoik? Fer this reasen, it was de-
cided to mgke the acetyl derivative a3 a check on the identity

of the gmine.



Ireperstion of the Acetyl Derivative of S~iminoquincline

53X CsCe of acetic anhydride and s small guantity ef the
amine were refluxed for twenty minutes., The solution wss then
poured inte apprexi:rately one hundred :.0. of water, aifter
hydrolysis of the unreasted acetic anhydride, the selution was
mude basic with sodium hydroxide, and extrascoted with ether,
The ethier extract was evaporated and the residue, after a
orystallirzation from benzene, melted at 178.5~179%. The re-
corded melting point of the acetyl derivative, is 178°

II. Attemptas to irepare S~aminoquinoline by Catalytic
heduction of S~Ritreo Compound

Ten grams of S-mnliroquinoline was disselved in fifty-
olyhit c.ce of dloxane, and the res:iting selutien was subject-
ed to aatalytic redustion in the presence ol iluney nickel
caxtalyst. Dluring the reaction the pressure was rulsed Lo twe
humdired pounds per sguare ineh, and then was allowsd te fall
10 lorty pounds per aquarse lnch. The prezsure was then ralsed
wgein Lo two hundred pounds per squere ingh, and sgeln allowed
te Tull to forily peunds per squasre ingh. This process was re-
reatsd until no further drep in pressure was observed. The
temperature during the reduction varled from 60 to 66° C. The
time recuired for the reactlicn was approximstely six and enew
helf Lours.

after filtiriag the reaction mixture and evaporating the
solvent, a tar remained. By extructing with esther and water,

& snell gquantity of selid was obteined. ifter twe crystalli-
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zations from hot water, this solild had a melting point of 106%.

Purther Attempts te¢ FPrepare S—-aminoquineline by Catalytic
Reduction

Flve grams of S-nitrequineline dissolved in fifty-eight
8.0, of dloxane was reduced at one thousand pound pressure
and 22° ¢, The catalyst used was Raney nickel. The quantity
of hydrogen used was slightly mers tham the caloulated smount.
The time required for the reaction was twe hours and fifteen
minutes, The reaction mixture was filtered and the dioxane
removed Dy & vacuum dlstlillation in the presencs eof nitrogen;

& Lar remgined.

rart ef the tar was disselved in benzene, dried, and dry
hydrogen chleride was passed into the solution. A red pre-
cipitate was formed. The precipitate was ocellected, trested
with sodium hydroxide, and the rwgylting mixture sxtracted with
benzene, asfter removal eof the selvent frem the dried bsnzene
solution, an oil wsa obtalned which on stending gave "cily

cryatala®, This sudbatance could not de purified.ls

T™e ether part of the tar oebtained from the reaction
mixture waz extracted several times with dry ether. ifter
removing the ether from the sther extract, s tar remained.
7his tar was treated with hot petroleum sther (b.p. 90-1009).
When the solution cecled, erystals of very ispure S-aminequin-
oline remained. Thia materlial was purified by recrystellizing
it from petrolsum ether (b.p. 80-100°), Tne yield, howsver,



was extremely peer.

further Attempts to Keduce 5~Nitreguinelime Catalytically

Since the sbove twe atiempts at reducing S-nitregquincoline
te S-aminequinoline were not entirely successful, 1t was declid-
ed to carry out a reduction at stmospheric pressure. There-~
fore, five gresms f OS-nitroquinellne disselved 1n absoclute al-
cohol and two snd three-tenths grams ¢f Reney nickel were placed
in a shgker, and slightly more than the calculated velume (eone
thousand nine hundred and fifty c.c.) of hydrogen added. The

reaction teek place slowly at a& temperature of 23°.

The reactlion mixture was filtered and the filltrgte svapo-
rated. an o0ll was ebtalned. By extracting the oil with petro-
leum ether (b.p. 90-1009), three-tenths grams ef S-aminoquino-
line was eobtained. Obviously, the abeve cenditiuns are net the

correct ones for the preparation eof S-aminequineline.

Reduoctien of S5-Kitrequinellne by Use of the Farr Lew-

Pressure Hydrogenater

Calibration ef the Apparatus

Twelve grams (one-tenth mole) of nitreobenzene were added
to one hundred ¢.c. e¢f ninsty-five per cent alcohel centaining
ene-halfl teaspoon of freshly prepared Raney nigkel catelyst.
Thaiaixﬁurﬁ thus obtain@&’ﬁaa heated to bbilinglen a steanm
bath, and then plsced ln the hydregenator. Hydrogen was pass-

ed into the reaction: mixture at ahpressure of forty-three
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pounds psr square inch, and the shaker started. The reaction
was allowed te preceed untll there was ne further drop in
pressure. The pressure drepped te twently-three pounds in
forty minutes, after which there was very little drep in pres-
sure. [t is obvious thal three-~tenthis mele ef hydrogen rep-

resents s twenty pound drep in pressure.

Reduction of B-~Nitreguineline

Seventeen and feur-tenths grams of S5-nitrequireline and
one hundred and thirty c.c. of ninety-five per cent alcehel
contsining one-half teaspeen of Haney nickel catalyst were
heated te belling en a steam bath, and the mixture placed in
the Parr Hydregenater. Hydregen was passed inte the reactien
mixture at a pressure of forty-three pounds per square ineh,
and the shaker started. The reaction was complete in sleven
minutes. The reaction bettle becsme very hot. The reaction
mixture was then filtered to remeve the Raney nickel, and the
aloehol was removed at reduced pressure in the presence of
nitrogen. A sellid which gave almest pure S=aminequincline
when crystallized frem petreleum ether (b.p. 90-100%), was
obtgined. The yield was eighty~-one and twe~-tenths per cent

that ¢f the theersetical amocunt.

The abeve precedure was repeated. This time the yileld

was 86.1%, however,

In the sbeve reductlions, the resction was stepped befeore
all the hydrogen had been taken up that the reasction mixture
was capable ef taking up. Therefere, a reductien was run in

which the mixture was allowed to tske up all the hydregen it
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desired. Frem this reasction mixture, ne purs product was ise~

lated, Hence, a contrelled reduction is necessary.

Conversion of S~aminequineline iInto 5-lydrexyquineline

One gram of S~aminequineline, four grams of sedlium bisul~
fite, and sleven c.c. of water were hesated under reflux fer
twenty-seven hiours. at the end of this time, the solutien was
mede alkaline with sedium hydroxide seluticn and boiled until
ne mere sumonlia ocame off., The resction mixture wss then ex~
tructed three times with benzene, teo remove any unrescted 5-
smineguineline. The agqueous portion was filtered to remove
&4 small quantity of black organic mauterial whioh wag insoluble
in boeth water and benzene, To the agueocus sclution was added
an sxcess of carbon dlexide until ne further praciritate form~
ed. The precipitate thus abtnin&& wag orystallized from dilute
slcohol. The substunce melted at 220-221°%, and the yield was
twenty~five per cent of the theoretical amount, 7The melting
poeint recerded in literature is 224®. The benzene oxtract yileld-

ed two-tenths gram of the uvnreacted amine.

Atteupts to Improve the Yield of S~Hydroxyquineline

one gram of S~aminequinoline, feur grams of sediuvm dbisul-
fite, and thirty c¢.c. of wuter were heated under reflux fer
twelve hours. The reaction mixture waa worked up as outlined
above., The crude phoenol was orystallized frem hot water. The
melting peint eof the phensl was 223~224®, The yield of the pro-

duct was twenty per cent of the theerstissl ameunt. The unre-
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scted smine mmounted te thrse~tenths gram.

Pive grams of S-gminecunineline and twenty grama ef sodium
bigulfite, 21l in ones mndred and fifty c.c. of water, were re-
fluxed {with coeutinuous siirring) for twenty hours. ihe reacé
tion mixture was worked up as above. The yield of hydroxyquin-
oline was forty per cent of that thesretlically pessible, and
twe and fifteen-hundredths grams of S-amlinequincline were re-

cever=c from the benzene sxtract.

with ceontimueus stirring, five grams of sminequlneline and
aixty grams ofsodium bisulfite in one hundred and fifty c.c. of
water weres refluxed for twenty heurs. The material recevered
was black and weighed seven~bundredths gram. The benzene ex~
tracted yielded elghty-nine thousandtha gran of S—-amineguin-
eline,.  The ylield ot,&»hyﬁraquuinclina was ninety-one per cent
theory. |

Cenveraion eof 5~Eydr¢xyquiﬁulinn inte S-~aminequineline

One gram eof S-hydrexyqulneline, three and six-tenths grams
of ammeonium sulfite, twelve c.c. of fifteen nermsl wmenium
hydroxide selutien and thirty-seven c.c. of water were heated
at 150° in a amall bemb fer six hours. The reaction mixturse
was trezated with an excess of sedlum hydrexide and extracted
three times with boenzene selution. The yield of S-aminequin-
oline from the bLenzene extract was aixty per cemt. The meltipg

point was 110° gfter orystallizing from petreleum ether (b.p.90-
o
100 ).
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Two grams ¢f S-hydrexyguineline, twenty grams of emmonlum
sulfite, ten e¢.c. of water,and thirty-eight c.c. of fifteen
nermal amsenium hydroxide were heated st 1509 ¢, in a smell
bemb for six heurs. The reactien mixture was worked up ss a~-
bove., The ylield ef S5-sminequineline was fifty-nine per cent
ef the amount theareticslly pessidle.

Freparation ef R-Methyl-G-~aminoguineline

One gram of S~hydrexyguineline, four c¢.c. of thirty-five
per csnt methyl amine spelution saturated with sulfur diexide,
and thirty e¢.c. of uwgter were pleced in g small bomd gnd heut-
ed et 150% C,. feor six and ene~half houra. The reacticn mixtuse
was made satrengly slkaline with sodium hydroexide sslutien and
extracted three times with Dempens. Crystalline Hemethyl-
S-sgminecuineline wae ebtained from the benzene extrsct after
removal of the selvent. This orystalline meterisl had s melt-
ing point of 1252-133% after z erystallizstion frem het water,
The yleld was fifty-five and five-tenths per cent of that thee~
retically peasible.

welght ef sample~ 2.6873 mg.

Yoliume of gas=- {J.430 ml.

Temperature~- 28 C.

Pressure~ 758 sm,

Hitrogen- 17.85%

wolght of sample~ 2,786 nmg.

Velume of gas~ O,440 ml.

Temperature~ 27°C.

Fressure~ 759 pm.

Hitregen~ 17,874

Caulouluted fer Cypiiyplip per cent nitregen- 17.72
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Weight of sample~ 2,701 =g,

flelght ef asrben dioxide~ 7.543 ng.
Carbon~ 7T6,1%

wolght of ssmple- 2.502 mg.

welght of carbon diexide~ 8.077 mg.
Carbon~ 75.9%

Caloulated feor CypEipoNgz, per cent carben~ 786.6

Helght of sample~ 2,701 mg.

welight of water= 1.650 mg.

Bydregen~ 6.8%

welght of sarmple~ 4,002 mg.

welght oefwater- 1,705 mge.

Eydregen~ 6.6%

Caloulated feor Cy0F308gs per cent hydregen- €.4

asttempta to PFrepars Nel-Dimethyl-S-sminoquineline

Cne gram ef L-hydrexyquireline, eight c,c. ef dimethyl
amine solutien (thirty-three per cent) and forty c.c. of water
were hexted in a snell bemd st 150° C. for six end one~half
houra. 7The reactlion mixture wes werked up in the way previ-
ously mentioned. .4 small emount of s0llid mestlerial was iselated
frem the benzene extract. This muteriel was identified an
l-methyl~-5-gmineguinoline. Obviously the dimethyl smine seolu-~
tlien centained a small awount of methyl emine. The quantity ef
S=hydroxy compound recevered was feur-hundredtha gram. Ne other

preduct was iselated.

Aan wdditionsl stitempt weas mede to prevare H-Y~dimethyle=S=
sminoculneline, One pgram of L-hiydroxyquinoline and twenty grems
ol sodium Lisulfite were placed in a small bomb and sneugh ai-
methyl amine selutien (thirty-three per cent) wss added to msike

the mixture basic. Then ten c.c, more of the amine selutien
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and ten c.c. of water were added. At this peint, the total
velume of the reaction mixture was approximately ferty-five
C.Ges Thls mixturs was heated at 150° C. for six and ene-
half hours. The reaction mixture was worked up as eutlined s~

beve. Ne crystalline product was iseolated.

Freparatiocn of K-p~Methexyphenyl-S5-aminecuinelilne

One gram ef S-hydroxyquinolline, ene gram ef p-unisidine
and eight grams of sedium bisulfite were added te forty c.c.
of water and hested im s small bemdb st 170° C. fer six and
one~half houras. The reaction mixture wes worked up in the
wsual way. The substance in the benzene extract had a melt-
ing point of 1552 ¢. after crystallizatien from very diluts
alcoehel. The yield was seventy-five hundredths gram.

welght of sample- 2.381 mg.

Volume of gas~ 0.237 e.c.

Temperature~ 259 C.

Fressure~ 763 mnm.

Kitregen~ 11.167%

Welght ef sumple~ 2,780 ng.

Volume of gas~ 0.275 c.c.

fressure- 763 mm,

Temperature- 26° ¢,
Nitregem- 11.13%

Calculated fer Cj1gH140N2, per cemt nitregem- 11.2%
Welght of sample~ 3,541 mg.

weight efcarben diexlide~ 9.92]1 mg.

c‘lrb@n" ?6.4,%

wolght of sample~ J3.690 mg.

geight of carben dlexide~ 10.33 mg.

Carbon~- 76.3%

Caloulated feor C,gH,ON,, per cent carbon- 76.8
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welght of sample~ 3.541 mg.
welght of water- 1.921 mg.
Hydregen~ 6.035%
deight of sample- 3.690 mg.
weight ef weater- 1,960 mg.
lLydregen- J.93

Calculated for CjgHiqCNp, per cent Liydregen~ 5.6

Attempt te Frepare ﬁw?han&lwbvgmiﬁoquineiinc

Twe grams of S~hydrexyquineline, elight c.c. of aniline, tern
grams of sodium bipulfite, and fifty c.c. of water were hested
in & bomb fer six und one~hslf hours gt 200° ¢, The reactien
mixture wa3 worked up Iin the usual way. 4 tar was ebtained from
the bengene extract. all effeorts te purify this material feil-
e¢ls ©Obvisusly the abeve conditions are net the mest sultable
ones fer making X-phenyl~S~-amineguineline,

Preparation of Ne(n)~Butyl-S-aminequineline

To a golution of eight gruma of sedium blsulfite in ferty
Cels of walsr, was added one and seven~tsnthg grams of d-hydrexy-
quinolilne and five c.c. of n~-butyl amine. The mixture was hoat~-
ed in & bomd for six and one~half hours at 150° C. The resctden
mixturs was made strongly baslc with sodium hydrexide selutien,
and extructed three times with benstene. She yield ef n-butyl-
amineguineline frem the benzene extract equals ssventy per ceht
ef that theereticasllypessible. This compound has a melting pelint
of 1:4-1249 C. after g orystallization from dilute alcehel.

Welght of sample~ 2,411 mg.

Volume of pas~ 0.300 ml.

Pressure-_. 762 wmm,

Temperature- 2600,
Nitregen~ 13.96%



welght of ssmple- 2.489% mg.
Volume ef gas- GC.310 c.c.
Iressure~ 761 mm.
Temperature- 28% C.
Eitregen in ssmple-~ 13.u5:

Calculated for CyzHjeNg, per cent nitregen- 4.0

ywelght of saemple~ C$.979 mg.
weipght of carbon dioxide~ 11.33 mg.
Curbon~- 77.65%

weight of sample- 4.351 mg.
Welght of carbon diexide- 12.42 mg.
Cerbon~- 77.89

Czlculated for CyzEjgNo, per cent carbon- 78.0
weight of sgmple- 2,879 mg.

ielght of water- 2.801 mg.

rydregen- 7.8%

welight of sample-~ 4.531 mg.

welght of water- «.940 ng.

Hydrogen- 7.5%

Calculated for CyzHigN:, per cent hydrogen~ 8.0
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ParT I
DISCUSSION OF EXFARIMENTAL RESULTS

Woresntzew and hils ceo-workers gpprlled the Bucherer Hegctien
te several hydrexy quineline deriv:tivas?ﬂ S5ince S-nydrexy snd
S-amino-quineolines were net inveatigated, it was decided te
«rply the Bucherer heaclien te these twe compounds.

Obviously, the firat thing that had to be dene wes the pre-
reration of the S~-hydrexy and 5~amine quineolines, It was deskr-
ed te use regsctions invelving tha foewest steps and giving the
best yields., Fer this reason, it was declided to nitrate guin-
cline according te the method of Duftan.(l One obtaulns & mix-
ture ef & and 8 nitro quinelinss. Duften feund that the nitrate
of 6 nitre guineline is very =lightly seluble in dilute nitrie
gcid solution. The nitrate of the 8 nitro ecompeund 1s very
soluble Iin dilute nitric acid. Hence, we have a way of separ&t-

ing the two isomer... The yield of S~-nitrequinoline was report-

ed by Dufton te be gecd, and thia was feund to be true,

Attempts to reduce 5S5-nitroquineline, caused seme difficulty.
Dilshoorn reduced S5-nitroquinoline Yy use of iron and acetie
acid.eﬁ By Dlkshoorn's method, a very pocr yield of S-aminequin-
eline was obtgined. For thils reason, 1t was decided te use a
catslytic metrhed., I one reduces S-nitroguincline st twe han-
dred pounds pressure and 60° C., using Raney nickel as a catal-
yst, & tar 1s preduced, freom which enly small quantities of
S-aninoquinoline were 1selated. If the reduction is cerried

out at one thousand pounds pressure and 25°., a tar of similar
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characterlastics 1s produced. Winterbettom reports thet e re-
duced S~nitroquincline in s Parr Eydregenator, using Laney
nlckel as awngwwaﬂ.mw fila yleld was reported ss seventy-five
per cent of the theoreticsl smount. Wwinterbottem d1d not give
full detalls in his repert, however. By reducing S-nitrequin-
oline in a Purr lydrogenstor at forty-thres pounds preasure,

and using Haney nickel s catalyat, it was pessidble to produce
S=aminoguinelline in yields from elighty~one to eighty~six per
cent of the thecretical amount. The secret of a successful re-
duction seems to lie in having the reactants warm when they are
placed in the hydrogenator., The reduction teok about fifteen
mimutea, altheough Winterbettom stated that 1t teoock appreximately
cne hour for the reaction to go to completion. It wasz found
thet 1f the resction proceeds slowly, a ter is formed, fronm
which only small quantities of S~aminoquineline can be preduced.
The best thing to do with the tar is to discard 1t, It is usuasl-
1y not worthwhile to attempt purification.

It was found that S-~aminoquinoline was ocenverted inte
S~hydroxyquinoline in geed yleld by refluxing the former substance
with sodium a»ozwh»na selution fer several hours. After the ve-~
action mixture had been made strongly basic with sodium hydrox-
ide, and refluxed until no mere ammonia came off, the hydroxy-
quinoline could be recovered from the alkaline solution by the ad-
ditien of carbon dioxide.

Alsoe, S~hydroexyquinoline was converted inte S-aminoquinolidne
by heating srménium sulfite, the hydroxyquineline, excess smmoniae ,
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und water under pressure for aix and one~-half hours, Sodium
hydrexlde was sdded, ard the amine extracted from benzens. 7The
yield of aminoguinoline was goed., The product formed in this
way is much easier to purify than that formed by. a reduction of
S=nitrequineline. It is poasidle to take very crude S-amino~
quineline (very hard to purify), and purify it by its conver-
sion inte hydroxy compound, and back inte the amine, beth by use
of the Bucherer Hesction.

iAB axyoota&, d-hydroxyquinoline could be converted inte the
E-motnyl-b~umino compound by use of methyl amine sulfite and
methyl amine in water solution. The reaction was carried out in
a bomb, and the yield wss fairly satisfasotery. The K~-n-butyl~
S~amino cempound was ebtsined in s similar way.

Hep-methoxy phenyl-S-anipoquineline was prepared by heatling
an exceas of p-~unisldine with S-hydroxyquineline In e strong bi-
sulfite solutlion., The yleld was goed.

The two attempts to prepare l-dimethyl-S-sminoquinoline
fulled, A wveory dissgreosble oder of gmines was preduced. FPur-
ther work muat be dons to £ind the cerrect conditions for making
this material.

AR attempt te prepare H-phenyl-S-aminequineline also failled.
te yield a cryatalline predust. GCbviocusly mers experirmental
work smst be done to ascertsin the cerrect conditions fer pre-

raring this substance.
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PART I1

SUBBARY

Segmincquiroline was prepared sccording te the method of
Diksicorn. The yield was much less than that reported,

nLowevar,

Various sttempts to prepare SH-asminoquineliine from &5-
nitrequinelins by high pressure reductien in the presence
ol Raney nickel as the catalyst, falled te yleld any
apprecisble quentities e¢f amine.

S~amonloquineline was preparsd asceording te the method of
¥interbottom. The yleld was Detter than that repertsd,

howevers.

S~prminequinelline was ceonverted inteo S~hydrexyquineline by
tne Buchsrer Heasction, The yield was appreximately ninety
per cent of that theoretically pessible.

S-hydrexyquineline wus converted inte S-aminoquineline by
the Bucherer Resction, with a yield eof fifty-nine te sixty
por cent of the theeretiecal smount.

W~me thyl~b-~aminoquineline was prepared by the Bucherar
feactien with a yield of fifty-five and five-tenths per
gent of the theoretlcal amount posslible.

Attempis te prepare N-dimethyl~S-amineguinolines by use of
the fuscherer Hesction falled,
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8. HN~(n)=butyl-S—uminequineline was prepared by use of the
Buocherer Heaction, the yield being seventy per cent the

theoretical ameount.

9. an attempt te prepsre N-phenyl~S-aminoquineline by use of
the Bucherer Heaction, was not succesaful,

10. H=~(p)=methoxy-phenyl-S-aminequineline was prepared by use
of the Bucharer Heactien, the yield being forty-seven
per cent that thesretieally peasible,
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