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HISTORICAL

The so-called "Rosemnmund Reduction” of scid c¢hlorides
for the preperation of aldehydes was first introduced by

Raseamundgﬁ

in 1918. On the basis of a survey of the previous
work on the reduction of acid chlorldes and some prelliminsry
work of his own, he became convinced that the resction could

be made to function provided that the proper experimental
gconditions could be found. Larly problems involved the
application of lower temperatures to prevent the further
reduction of aldehyde, the use of a closed apparatus to study
the consumptlon of hydrogen, and the sepsration of the hydrogen
gchloride forred vhich reoisoned the cntalves.

Preliminary @xp@?imeﬁtsgﬁ were carried out on the
reduction of bengoyl chloride using five percent palladium on
barium sulfate as & cetalyst. Using solid calelum carbonate
to eliminate the hydrogen chloride 1t was found that the
hizher the temperature of the reduction the zreater the yileld
of aldehyde and the less the time regulred for the reduction.
Hydrocarbon solvenis such as Xylene and cumene were found to
be :he best solvents for the ostalytic reduction of acid
chlorides to aldehydes and in using these solvents the use
of calcium carbonate to eliminate the hydrogen chlorlde wes
found to be unnecessary since hydrogen chloride was not
soluble in these solvents st the temperastures at which
reductions were carried out. in these same preliminary

experimente 1t vr3 shown thet in spite »f the excess hydropgen



used, ti:e reductlon stopped at the sldehyde stage. Un the
basis of these preliminary expoeriments & number of acid
chlorides were subjected to cstalytic reduction in bolling
xylene using five pereent palladium on berium sulfaete as the
catalyst. Benssldehyde, butrslidehyde and stemrmldehyde were
prepared in ninety-seven, [ifty and ninety-five percent yields
respectively, from thelr corresponding acld chlorides.
Although five percent p&llaﬁium on barium sulfste as &
carricr was recormended g the cetalvet for geld chilioride
reduction,”® it was found that basic »ic el sorbommte which
had been reduced in a stream of hydrogen at 31&~5EOQQ would
scrve equally well. &chliewienskygg later attempted 0 use
¢thhis nickel catalrst to prepare aldehydes from scid chlorides

52 thet

and was unsuccessfule. It was pointed out by Rosenmund
special conditions not then published wore neceszsary for
reduction and that in originally desceribing the use of nickel
it had been stated that under certain conditions little or neo
aldehyde was formed.

The catalytlic method using palladiwm=barium sulfste
catalyst wes later successfully employed for the preparation
of gallaldenyde.Z?

Harther studies of the catalytic reductlon of acid
ghlorides showed the reszction tn he »~nre gomplex than had
at firet been reslized. Tields of aldeh-de were foun? to

fluctuate so widely mas to be barely ascertalinable in coriain

cases. In 1921 Hosernumnd and ﬁ&txschags publlished the [irst



of a series of investigations whose purpose was to study (1)
the effect of forelgn rmterisls on the cntalyst and (2) to
eliminate acgcldental influences in the catalytlic reduction of
geld chlorides and thus rmave the reduction more reliable for
the preparation of sldehydes. This investigation led to the
following conclusions.

(1) Pure matericls yield herdly weichebhle amounte of
aldehyde wshether the resction is carried out at
the boiling point of benzene, toluene, xylene or
cUnene .

(2) The smount of catalyst, the pertlal pressure of the
hydrogen or the velocity of its introduction produce
no effect on the yileld of sldenyde formed.

(3) <the addition of cortain foreign materials favors
the yleld of sldehyde. In fact, the addition of a
proper smount of a quinoline-aulfur regulator
completely stops the reductlon at the sldehyde
starge.

(4) By using solvents wirich nave not been csrefully
purified or which are not In & pure stete,
fluctuating ylelds of sldehyde sare ohiasined.

These observations led nesempumd and cetzsche into the
field of Specific Cetalysis. 1t was thelr opinion thet the
addition of foreign materials to the pelladium-barium sulfate
estelyst lent speeiflelty to its asctlon, that 1is, it becanme
& catalyst which pormlicted only one of several possible

reactions to0 take place. In support of the claim of speciricity,
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Hogermmund siowed the lollowing reductlons to be possible wilth
the use of the palladlim-berium sulifate cutelyst. (1) Benzoyl
chloride reduction wes stopped et the sldehyde stage.©8 (2)
tieduction of o-chlorobenzoyl chiloride wihich according to
previous experiments by losermund and Retzschegg might be
expected to Yove nuclesy helogen repliaced by hydrogen, neverthew
less pave seventy percent ylelds of o~chlorobenzuldenvde.
{(3) The reduction of penltrobenzoyl chloride gave better Ltan
ninety percent ylelids of the nitrobenzaldehyde, which In view
of the fact that penitrobenzoldehyde is sensitive $o reducing
agents certeinly demomnstrates the selective actlon of the
cotalyst.

ihe pelladium-bariun sulfate catslyst 1s essentially
that of Schmidt.40 e catalyst poison woich waes flnelly
recommended o be satisfactory for most reductions was o
gquinoline-sulfur remulstor meade byza heating 8ix peris of
quinoline with one prrt of sulfur under reflux for five to
seven hours. “he resulting dark brown nixture wasg finally
diluted with xvlene in such a ranner thst the amount of poison
used could be escily determined.

In working out & theory for this redustion with or
without regulators, ﬁes@amunﬁ and Jetzsche iIntroduced the
ides Of 3 ”Gcmgzex”ga, It wes thelir bellef that the hyirogen
was absorbed by or asttaeched liself to the palladium snd th:is
pd-H then reacted with the acid ciloride.

PA-Il + 8C0CL —P  ra + HCL + KCHO

The palladiwm which is formed in ithis reactlion can sbsorb more
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hydrogen and the process can c¢ontinue indefinitely. 7The
obstacle to this is that if such a system will reduce the acid
ehloride then 1t ourht to reduce the sldehvwie as well. The
concept of a "cosplon” belng forxmed Lt glven 8 the resgon why
this reduction falls o talte place,

"In order for eny two components to resci it 1s nocessary
to bring ther close together and into & mutusl ephore of
influence. If he process la uiiected by s cotalyat it too
must core into the sphere uf influence."8  The arrengement
of these components with regerd to thelir mutusl positlions
and the forces between them woe celled o “complex’. “nis
"ecomplex" was assumed Lo be Jublile and able to decompose as
gsoon sg formed. The monner in which the decomposition occurred
ras where the specific asctlon of ihe cstalyst found iis
expression. 1f only molecules came togetiher and the forces
were not pgreat enongh Lo cause s renc ion then the canplex
would decornose into the originagl substavnceos, I, “owever,
the catalyst entered 1ni0o the corplex & rearrangement of
forces may occur and decompesition Into new substances could
take plece. ihe aadition 0§~fareign reterials to a given
catalyst was mssumed to produce sn entirely new catalyst.
these added materials sere assumed 10 combine with the catalyst,
to form & new catulyst with propertles entirely dirferent from
the orizinal cstalyst. Lhids corblmeilon in turn was thought
to form & new complex with the resctanis in such & manney

thet the followling ef'tects right take place?
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(1) eoetlon misht be hindered in one direction.
{2) hesctlon micht he favored in another direction.
(3) The effect of one catalvst might be incressed.
(4) The effect of ancther catalyst micht be poisoned.
is concept of the specific motion of crialvsts nllows
the possltility of being able to favor or bring about one
reactlion in the presence of a number of competing reactions,
provided the proper reguleting agent can be found.
mnis view has been objected to by ibell who claimed it
Hosenmund and ~etzsche overlooked previous work on the subject
of specific scting catalysts. They hsave rﬁplieﬁﬁ? to this
ohjection with s defense for their theory of "Complexes”
rather then for intemmediste resctlions in catalysis.
It is of irierest to rote Tow the nostnlates of
Pogerrund corpere wilith modern cotalytic theorws. “wnlenctions
of castelytic vhenomena whileh were st one time made elther on
& pursly nhyvaical or & purely cherlcal basis eore now confined
£o tre cremical point of view. The physlcal explsnntion which
weS vased on the theory of sdsorpition hias besn chanred by Lhe
fact that what wes onte thought to be purely a physicel
phencmens i8 now thought to be very clesely akin to purely
chemical ph@numena.44
Aaecoprding to the rodern theory of ecantalysts, & cetalyvst
is » subsience vhich will change 08 veloclty of s reaction
end remecin chemicslly unchenged at the end of the resction.

14

e catelyat does not chenge the positieon of enuilibrium

but merely hastens the atteimment of ecnilibrium. According
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to the theory of ectivated molecules, & nolecule must first
be brought into an sctivated state before 1t can enter inte
& chermical reaction. It is the high activation erergy thot
ecanses many reactions to reach equliliibrium so slowly. ‘he
role of & cntulyst In a chemical resction Is to lover the
sctivation cnergy and therchy make 1t nossibie for more
molecules to attaln the necessery energy and thereby allow
more molecules to resct. “he manner In which the catalyst
prings about the lovering of ¢nergy ls thought t0 he due
to the formation of s “compomd” between the catalyst and
the rescling rolecules whilch has & lower activetion energy
then the resciing molecules 'n the absence of the cetalveb.
The difference hetween the eénercy remired for active-
tion of the resctants fq 8nd *he cnerey receseary $o activete

the producte Lp ls given in the following eguation.

AQQMK\“’Q’“*L\ - £, — k.
T RT*

S has shown that the sdsorptive

ihe work of Langmuirz
force 05 cuatalysts is chemlcal in nature. Ihis sdsorptive
force determines the orientation of wmolecules at the inter-
face between the cotanlyst snd ihe reacting molecules, and
it is the molscules et the conteact gsuwrfsce that enter into
eatalytlic changes. Iixt evory molecule wolch is adsorbed
enters into a chemicnl resction: if the sdrorptive foree
at the interface between nolocules is too grest no resction
w111l occur.

The eiflfect of & polsorn 1g now agrecd &0 he due to a



diminuition of the acilve cutalyet surface by the polson.
The polsonling may be pormesnent or itemporary depending upon
the force with which the roreign materisl is bound to t-e
surface.

The particular portions oi Lane catalyst covered Ly &
poison «ill in eftect determine the sctivity of the poiscned
catalyet. Lhe active porticns of ithe residusl surlece on
which no polson is adsorbed are responsicle or further
catalvitic sctlon of the polsoned catalyst. It is the ¢anre
of adsorptive force of the catalyat caused by sdacrption of
polison whileh 1s responsible for the speciiic sctlion of
catalvot.

¥odern theory is *hus in somplete usoreement wili the theory
of Hosenmund.

farther studles on the reduction of acld chlorides were
reported in 192139, It wns shown that four predominant
reecsions can take place in the catslytic reduction of scid

chilorides.

RGOSY + Hy, ——%  HUHD + HC1
BOHO + Hp —P  HOH,OH

20
KCHpOH + RUOCL —P HOOQOUHQH + HOL

ROH.OH + H, —P &CH, + H
Z 2 3

HGOOCHGR + Hp —p RODON + RCH
he reducstlon of benzoyl chloride uvsing pure mutevials vilielded
forty~five percent of hich bnlling hvdrocsrbons (nrircipally
dibenzyl) slonz with rixtesn ovoreent »f tenzole acld end

fifteen soereent of benzylbenrzoate. Tho yresence of cster in



the mixture (formed by the union of seid chiloride with
aleohol) had an effect on the catelyst and a speclal
invectigation was undertaken to elliminate its formetion.
it was fouwnd that by reducing the partial pressure of the
hydrogen that the yleld of ester increased twenty-two to
thirty-two percent and at the sameé time the yleld of hydro-
cerbon fell twenty-two to twentiy-three percent. 4 search
for forelgn substances which would sffect the formetion of
ester was made and gquinoline snd xanthone were tried and
found to heve entirely different effects. Small emounts of
quinoline in the benzoyl c¢hloride reduction were found to
completely eliminnte the formation of hvirocmrbon, ester
and g&cld anda in thelr place were formed princlipally benzyl
alcohol along with small zmounts of benzaldehyde and benzyl
ether., ihe addltion of xanthone to the reduction mixture
increased the formation of ester (fifteen to twenty-four
percent) and the acid (sixteen to twenty percent) while the
smount of nigh boiling hydrocarbon dropped.

ihe apreasrance of & consliderable smount of acid, which
always occurs when ester was formed, led to the speculstion
that & relation existed between them.o0 vatalytic reduction
of benzyl benzoate chowed that benzolce acld and toluene were
the only products. They were thought to be formed esccording

to the following schemes

HGO0;CHpR —Yp RCOOR + HCHg

<
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4 surmeyry of this work showed that (1) the reduction of scic
chlorides with uninifluenced catelysts goes princlipsally to
hydrocarbone. (2) The addition of sulfur-nitrogen compounds
stops the reduction &t the sidehyde stage. (3) The mddition
of xanthone favors the formatlon of ester. (4) The adiition
of quinoline or toluene preventes the cleavage of ester in the
catalvtic reduction. (5) Heduction in & xanthone toluene
mixture forms ester slmost exclusively. (8) The addition
of cuinolire favors the formation o oleahol and nrevents
the formaition Of esier.
Purther studies on the cutalytic reduction of estors have
been made by hosemnungd and @&tzacheﬁl with the ssme conclusions.
The reduction wss extended to the prepsretion of diclde-

3 & €,
hydes by wetzsche in 19Z1. 3,54

isophthaldizldenyde,
m$3H4(CHﬁ)g, snd terephthaldialdehyde, p-Ugly(CHO),, were
prepared in eighty~three and eighty-one percent yields
respectively from thelr corresponding acld chlorides.
Oetanedial (suberic dieldehyde) wes prepsred in seventy-six
percent yield fram suberyl chloride. ihe process falled in
the cese of o=-(glig(COC)g. Jetzsche end inderlin®® were also
successful in prepuaring sebecic disldenyde ln eipghty vercent
vields from scbacyl chloride. “everal unsuccessful attempts
to prepare laldehydes by catalytic reiuction of acid erloridesz
nave been reported.4? lhese include o=Ugh, (CHO), benzyl,
methyl benzyl and diethyl malonyl ¢ laldehydes.

iThe method of Hosernmund #ms been further extended ard
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found to allow preparstion or unseturated aldehydes.<d
The influence of the carrier on the activity of the

catalyst has been studied.sﬁ

e cerriers investligsted
inceluded blood charcoal, pure and technicel kieselguhr, animal
charcoal, bariuwm sulfate, and puwnice. 7The metlivlity of the
catalyst has been found to be dependent upon the currier used.

4 comprehensive studv of the wvarlous solvents and the
effect 2f vre naode of purificetion with» rorerd to thelr use
ag & soivent in the crtulytic reduction of acld ehlorides has
been made by .etzsche end &rnﬁ.éa They found that rost
commaercial solvents conteln Ivpurlties which may effect the
reduction in one way or ancther. Catel tlcslly foactive
xylene wes prepured by washing technleal xylene wlth concen-
trated sulfuric acid or by trestment with phosphorus oxy~-
chloride or apnhydrous elumimm chlorlide. vne treatment with
enhydrous sluminum chloride was found %o be egual Lo twelve
washings vith sulfuric acid. Distillation or ireatment with
sodium amalgam, copper, pleric aclid,phosphoric scld, animal
charcoal, or hydrogen chloride would not produce & catalyti-
cally inactive solvent.

£ method of reductlion of acid chlorides in the wvapor phase
has been nroposed by é}rig%:n&rdlg for trhe mreveration of
sldehydes. de siowed thet the resction would ochur, but the
detalls end optimu conditions have ye¢t to bhe worked out.

fue to the fect that the "fiosenmund Heduction” is often

limited by the insolubility of the products or the reactents



1z

in the hydrocerbon solvent which is used, cetzsche and
Enderlin®® made o careful search for other solvents. Those
studied were chlioroform, carbon tetrachloride, prridine,
quinoline, 1,2 dichlorocethene, tetralin, decalin, bronmo-
benzene, chlorobengene, amyl acetate, hexalin aceteste, ethyl
benzoate, dicthyl phthelete, anisole, rhenztole, ncetic
anhydride, turpentine and nitrobenzene. Only tetralin ,
decslin, anisole and turpentine showed any promise &s a
solvent for the reduction of acid chlorides to sldehydes.

Yhile the presence of gsmall amounts of phosphorus
oxychloride wes orizinmlly thought not to effect the
reduction ol acid chlorides :to aldehydes,ga its presence has
been siiown by wetzscne?® to greatly lower the yleld of
aldehyde formed. oince the time required for the reduction
did not change vhen pnogphorus oxychlorlide was present, this
wog taken to mean that phosphorus oxychloride did not noison
the cotalyst but rather dlrected the asctlion of the cntelyst.

Frgschll5 has propoged a method for the preparation of
sldehydes by the estelvilec reduction of acid olorides in
the vapor phasze. FHe used pelladium on asbestne as a catalyst.
He also found that Haney nickel was rnot applicable for the
reduction and that sulfur amxi phosphorue cornounds had to be
ebsent 1n order to obtain aldchvdes from acld chlorides by
the use of ¢he platinwn cstalyst.

recently the "Hosenmmd hkeductlon” has been used to
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prepare acenaphthaldehyde,’’ and 2enaphtheldehyde.8»1l
These sldehydes were obtalned in seventy and eicshty-four
percent ylelds respectively from thelr corresvonding

acid chlorides.
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INTHOLUUTION

it the outset of this investigation i1t vas desired to
gee whether o-aminobenzaldehyde could be prepared by the
Losenmund method for the preparation of mlﬂehyd@sﬁ&. L8 &
starting product ow-aminobenzoyl chloride could be disvegarded
since there was question ss to whether it even existed®.
The use of this compound wess further made Impossibtle by the
fact thet o-sminobermzalderwyde hns been shoen to imrediately
conderse wilth ltself whern in ithe presence of rineral acidsl®,
The formation of hydroren ¢ loride irn all acid chloride
reductions vould therefore rule out the cstalvtic reduction
of acld chloride as the final step in the preparestion of
n=aminobenzeldehyde.

o-litrobensoyl chloride seemed to be the loglceal starting
oroduct, for 1f s specific catalyst could be found whiech would
selectively reduce the acid chlioride end not the nitro group,
then the o=nitrobenzaldehyde could be reduced to smino=
benzaldehvde by the method of huggll and 5chmid®8. ne fact
that Hosenmund had beon sble to prepare penitrobenzaldehyde
by catalvtic reduction of the corresponding seid chloride
tended ©o support the belief that the same reaction mipcht
he mmgeible with the orthoe 1sorer.

fe o omecond wethaoad of attack, the redustliong miosht be
earried out on nitrozon substltuted derivetives 2f anthranoyl

chloride, which bv subsegquont hvdrolysis of the reduction



product would yleld the desired amino benzsldehyde. This
method of atteck was unsuccessiul.

The work to be pressented in this thesis eovers the
catalytie reduction of ortho, meta, end para nitrobenzoyl

chlorides.
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APPARATUS AND GRHLERAL PHOCUDURE FOLLOVED IR THE
CATALYTLIO HEDUUTIONS

"he apparetus used in all reductions of amounts of
materisl larger than 0.1 mol is shown in iz, 1. “his
apparatus ls essentlelly the same as that described for
the nreparation of Z-naphthaldehyde in Organic SynthesesS.
For the reduction of smaller amounts of material the tube
described by Hosemmund® end shown in fig. £ wes uscd. ‘he
condenser and calceium chloride tube were attached to this
tube during the reductions.

The general procedure followed in all reductions was
as follows: Into the reaction vessel, whieh had been
brought to the desired temperature by means of an electrically
hested oil bath, wes placed xylene, which had been dried by
refluxing it over night and dilstilling from sodium. - slow
stream of nitrogen wes bubbled into the xylene and in the
following order the acld chloride, *he catalyst and the
poleson were introduced into the flask. The oenwndenser was
then replaced and the gas from the outlet tube was bubbled
into two hundred ml. of weter contained in an Yrlenmever
flagk. The nitrogen was then replaced by hydrogen and the
course of the reaction was fbllawaa by titroting the nydrogen
¢hloride formed in the reduction with standard sodium

hydroxide solution.
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DISCUSSION

3 E
The work of Losenmund and Zetzsahﬁﬂa’ﬁg’&l

had
definitely shown that the reduction of acid chlorides

ecculd form products other than aldehydes if condltions were
not cnrefully controlled. &#gcording to them, asldehydes were
formed in the reduction of acld chlorlides only vhen certain
chance irmurities wore present in the solvente used or when
a “uinoline-sulirfur regulator was usea in conjunction with
pure solvents.

Trne catalyst, poison, and solvent to bLe used in the
catalytic reduction of the nitrobenzoyl chlorides wore
first tested in a preliminary reduction. ihe fact thst they
were capable of reducing benzoyl chloride to benzaldehyde
wus taken as proof that the reducing system Lo e used wes
capable of aldehyde productione.

The first reduchion of o-nitrcbensaldehyde which wus
carricd out end in which lsrge amounts of estalyst were used,
resulted mainly in the formation of li= oe-nitrobenzoyl”
anthranllic acid, °§f:'o &l (1). 1t wea thereby
evident thet the nitro group in o-nitrobenzoyl chloride mad
been reduced in preference to the scid ~tloride eroup. The
pregence of (i) a& the major product would seem to indicste
that sa soon s reduction to the amino group hed teken nlmce,
the excess ¢-nltrobenzoyl chloride lmmedistely reacted with
i1t to form & nitrogen substituted scid chloride, which by
hydrolysis gave the product (I) wihich was found. ‘hether

the hydrolysis of the acid chloride actunlly occurs belore
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or after coupling tskes plece is difficult to say. If
cocl poO,,,.
I
NHC 6 (11)
were 'ormed st some stage of the reduction, then it %Hould

= O
secn that o-nitrobenzoyl anthranil [:]::;5 NOor (1(X)

}i- o=-nitrobenzoyl anthranoyl chlorlde,

would te likely to occur in larmer smounts then it does.
his behavior wonlsd he ernected slirce trestment of {I) with
thionwl ehilovide forss the acyl anil (11I) in sreferense Lo
the acid ¢ loride (I11).

The rate at which hyrrogen chloride was formed in the
reduction would gseem to indloute that the %véra“v&iﬂ of the
acid chloride which formed or went on to evanuually form the

acid (I) took pimce wlth s great deal of esse. Lince

) @oc| ,
o-hydroxylaminobengoyl ch:lorlde i::[;vt+oc4 (IV) or
o~anminobenzoyl chloride i:;?l {(v) or o=-nitrovenzoyl=-

1,

anthranilic acid ecrhloride (1L} are ~ot inown and thus tne

easgse witii wnlch they hydrolyze is not unown, it is Impossivle
to say at which stapge the hydrolysls took place, or at which
stage the coupling took place. I coupling took place after
IV) or (V) were formed, products other than the acid {1}

would protadbly regult. 4 nossible meghanisr for the formation

of the scid (L) 1s wlven below:
S~ oC | cocCl| /QOOH.———Q‘/ 00
; —P b HoH ‘\ 4
AN NHOH 2

CooH cod) <OoH

~H, T Noy T NHLD(]
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Further reductions whnich were cerried out on o-nitro-
benzoyl chloride showed thut elther with or without the
gquinoline-sulfur regulator, the ryeductlion would not teke
place gt room temnernture. Juccesslve experiments which were
identicel except for changes in temperature, showed +that
reduction did not became significant until e temporature of
120° was sttained. Freductions were sttempted st &7, ©0, 80,
100, 130 and 150°. v4ith other factors constant, the products
of the resction were not apprceianbly changed by reldsing the
temperature sbove 120%. Uhis ls readily expleined by the
faet thut the range between the temperaituré &i winich the
reaction becomes sigpnificant and tixe bolling point of xylene
was 8o smslls in none of these reductions, whether aciuslly
earriec to completion or maﬁ,.w&yﬁ any traces of sldsnyde
found. further reductions were carried cut in whieh only
the amount of poison used was vardecu. 4 swmery of the
important reductlions that were carried out und the oondiltions

of each experirent ig plven in Table T.

peay

Proof thet the hydrolysis w g csused by wuter fovmed in the
reduction and not by water present in the system 1s zhown
by the fect thet no hydrogen chloride wes formed when no
catalyst was present.

In all of these cutalytic reductlions of o-nitrobenzoryl
ehlovide the reduction products were worked up In the sume

manner, and slthough the amounts of each product varied from

one reduction to cnother, the same products were obtained



in all reductions. [0 aldehyde wes ecver obteined. In the
xylene insoluble acid frectlion, which was obteined by
filtretion frow the xvlene and evirsatlion from the cstalyst,
o-nitrobenzoyl anthranililc scid wus slwiys founc ag the
ma jor constituent. By washing thils acid with cold ethyl
sleohol there wes extracted along @ith small smounts of (1)
another acid (Vi), decomposecd at 180°. this seid was never
found in large amounts and vas never obtained In pure condition.
It hms not been identified.

three other pwﬁﬂugta have been iscleted from the
reduction miztures. 4After svaporetion of ihe Xxylene, xylene-
goluble compounds were left as & solld residue. & small
emount of o-nitrobenzolc acld wes silways isclated by extraction
of this mixture with dilutes sodium hydroxide solution. Irom
the resldue which +as insoluble in allute rlkaell snd which is
referred to as the neutral =sterisl there wore isolsted two
gomponents, »lah vere repsrated from sech other by fractional
eryetallizetion in cellosclve. Une of Lhese compounds (me.p.
193-194) has been ldentified as o-nitrobenzoylanthranil (III).
Inis corpound woas never obtsined in large emounts. Cifficulties
in separstion by fractionsl crystelllization made it dlifficult
if rot impossible to determine the exact ratio of the two
neutral components. The vork done did show that the high
melting neutral compound (I1I) was the minor constituent.
wes Lincreased the time reqguired for tie reduction incressed.

Simultaneously with this incresse in reaction time there was
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e corresponding decrease In the amount of acldic material (I
and Vi) formed. Jlccormanying thilas decresse of scidic materisl
there vrs sn lneresse in the emount of neutrsl moterial formed.
since lerge amounts of neutral matericl were formed when the
reanction time wse long, 1t is possible that they were forrmed
in eithier one of two ways. ‘They may have been formed {rom
intermediate reduction products which were formed and existed
for some length of time in the slow reductions: these inter-
mediate cormpounds were probably imeediately reduced in the
fast reductions. It is also possible that these noutral
compounds could have been formed by secondery reductions, or
secondary reactions of partly reduced oy completely reduced
primary or coupled compounds.
The small amount of o-nitrobenzoylanthrenil (III) which

was f{ormed seems to indicate that it was formed by the loss

£ weter from {(I) rather than by the loss of hydrogen chloride

from (I1).

cooH

04 N Cfi?o N Do
Au+coé£]"““* [:/E&:é__ii]”FHlo

coC -
CT 2y o7 e
N HCO , + HC |
=
The first reaction would be slow and would require dehydrating
conditions (wlhich are present)e. +ihe second reacilon would be

an instanteaneous one.
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Tre second neutral cornonent (m.p. 157-1%7.5) has not
vet been identifled. ihe evidence that there is a relation
between this neutral component (¥II) sand the acid (VI) is
not too strong. idywdirolysis of (VII) by 0.38 sodium hysrozide
formed an azcid which was simillor in properties to the scld
{(Vi}. 1t decomposed &t 180°. he molecular weight (thres
hundred¢ and fifty-five) whica was devermined for {(V1I) is
not conclusive. this veiue corresponds in no way with the
empirical formula indlcuted by the clementary analyses, l.e.,
Calﬁlﬁﬂsﬁv or &léﬁaﬁgﬁg. The acld V1 wsag never obtalned 1in
pure encugh form to make an elementary anslysis worthwhlle.

In an attenpt 10 determing whether ithe unidentified
neutral compound (VII) was formed by further reduction and
coupling of the anil {(I11), o-nitrotenzovlenthranil (III)
was zubjected to reduction under conditions vwi.ich wore ‘mown
to form lsrge amounbds of (ViI). wince no further reduction
took place it 1s more than likely that (VII) is formed from
intarmedinte reduction products of o-nitrobenzoyl chloride.

Jn the sssumption that (vI1) was formed from inter-
medlate reduction products, it wasg thousht that {(VI1) might
be the ﬁi«ﬁ~Owt§~nitrabenm0y;]d&r1Vutive Of pe~amino phenol.
Fupther studies on the hydrolysis of (VIi) hed slown that
careful hydrolysis yielded an acldic materiel (VIII)

(mepe 85-86)« <Jareful hydrolysis o the di o-ni%rebeﬁzajil
derivative of p-amino phenol could concelvably form

ﬁ»Z;*nitrab@nzoyijpaamlnbphenel which 1s acldic in nature.
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Farthery Lodrelyels or corvplete hyorolysis would form veamino
, o oy . _
phenol (decomposes 180 ). These reactions would aprec with
those of the nentrsl compound (¥I). It nad been sssumed that

p-aminophenol would result from the following series of

vﬁﬁciiﬁms whichh are rown to tube ylace.ES
e cocC | Coc\ LOOH Mo _~_-Coo 4
—v C Lo L
N oo NHoH H—ou NH

2
| , Ok
HOgCooH Q 4Co
NH, T
MNH,

Yince hosenrmund had ussd palladiwa on kilegelgpuir ss the
catalyst in the reduction of pe-nitrobenzoyl cihiloride to
gnniﬁrabanzaldehyﬁaga, it was thousht that thls combination
misht e spezific PHyr fhe orenerstior of nitroaldehvdes from

eir ecid wiilorides Two such entelroits were orenmared, l.e.
two peurcent palladium on Fillter Jel and two percent palladium
on ninety-nine percent pure ﬁlaselguhrﬂgte 1 Neither of
these preparations would reduce o-nitrobenzoyl chloride.

In the cutalytic reduction of penitrobenzoyl chloride
1t was found that with the solvent, cutalyst and regulstor
uscd in the previous reductions, no reductions would take
place. p=-iitrobenzoyl chloride (Lastman Locak Co.} which
ned not been submitted to any kind of purification could
not be reduced with or without catalyet regulator. iiis

sarne acid chloride sfter having been recrystaliized twice

Kindly furnished by the United 2tetes Dureau of ¥Wines.
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from petroleuwn ctaer (b.p. 90-100%) wss reduced to the

aldehrydes. The sddition of cstalvet regulator stop:red the

Lo

reduction. neductions yhilch woere carried out on p=nitro-
bernzovyl chloride which hed been prepared in thils lsborstory
cieurly showed that the succsss of e reduction wes dependent
upon the state of purity of ithe acid chloride. p-NHitrobenzoyl
chloride prepared by treatmant of p-nitrobenzolice acid with
excess thionyl chloride hed to be dletilled and fractionelly
recrystallized before yilelds of sldehyde could be obtsined
whien wonuld compeire with those obteined by fosenmumnd<S. In
none of these reductlions wes 1t found necessary to use the
aquincline-sulfur regulstor to obtain p-nitroberzeldenyde; in
foet the use oFf *he rerulator stonped the reduction.

thether the yuarity of the acld onloride wes vegponsihle
for the low vicld of menitrobenzeldehyde obisined in the
reduction of the ecid chloride wss not determined, redlstilla-
tion or recrystollizastion of the acld chloride vproduced no
apparent change in the rate of recuction or in the vield of
aldenyde; tne sddicion ¢f thwe regulator completely ciopped the
reduction. ‘he resultes obimnlned do siiow that the reduction
of menitrobenzoyl chloride does yiecld aldehyde. Ixperimental
conditions which will increase the yileld of menitrobenssldenyde
have yei t0 Do worked out.

#11 atrempis Lo prepare nitrogen substituted anthranilic
acid cihilorides met with no success. H-Benzeneosulfonylanthrae

noyl chloride was prepareﬁ*z but the catalytic redunciion of



26

this substance produced no corresponding aldehyde. The
preparation of most ascid chlorides of the type

except for a few cases, like the one mentioned sbove, is not
méibl@,rw the anil is formed in preference
to the acid chloride. Furthermore, substitution of the
gecond amino hydrogen in N~bemsoylanthranilic ecid by meshyl
forms a substance (Nemethyl-N<bentoylanthranilic soid) from
which no aclid chloride could be obialned.
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BAPERIMENTAL

PREPAVATION OF o=HITHOBLELOIC ACID

o-Nitrobensgolc acid was prepsred by the oxidstion of
teghnlical o=-nitrotoluene wlth potassium permanganate, by
the following method. In a twelve liter threc-necked flask
equippe: with a iHershberg stirr&rlﬁ, a dropping funnel snd
a condenser, were placed two hundred grams of o-nitro-
toluene (ksstman technicsel) and seven and one~haif liters
of distilles wrter. The stirrer wss nnerated at such a
rate thet arn ermulslion wae formed bDetveon rhe water and tle
nitrotoluene. ke flasik and 1ts contents were heatod by
mesns of @ steam bath to a temperature of 90-100%. To this
hot erulsion wme added, dropwise, a saturseted solution of
potassium permanganate containing four hundred and {ifty
grams of analytical potasszium permanganate. -hen the
violet color of the permenganste was gone iLhe unoxidized
o=nitrotoluene was removed by steamn dlstlllstion. ‘his
removel was necessitated by the fact tlhiet the o-nitrobenzolce
acid could not be mamde to crystallize in he presence of
o-nitrotoluene. ine mAnganese dioxlde whilech wes formed in
the oxlidation was fliliered off, and the solution was madse
acid to congo red paper with hydurochloric acld and then
cooled in an ice bath to precinitste the scld. LAfter drying

in sir the seld weighed one hundred prersz. EBv concentrating



the mother liguor an additlional twenty-three grems of scid
was recovered. The yield of o-nltrobenzolc acld (m.p. 146-
14%7) based on the amount of the o-nitrotoluenc used was

seventy-nine percent.

PREPAKATION OF Oo=RITHOBENZOYL CHLORIDE

o=~k¥itrobenzoyl chloride was prepared by treating o=-nlitro=-
bvenzoic acid with an excess of thlonyl chloride. Tthe
reslting mixture was warmed under sentle refliux for helf an
hour. &t the end of this time the scld wns completely
converted into aclid chloride and wis 1e¢ft In +he fagk as a
light yellow 11 uld. she acld chloride wss carafully
distilled through & fractlioneting colurm under partisl
vacuum afrer first distllling off the ercess thionyl chloride
at atrospheric pressure. 7The yvield of scid chloride obteined

wes ninety-eight percent (b.p. 142-143%/8 mm.).

PREPARATION OF Tk CATALYET ARD CaTAXT PUOLIGON

fwo percent palladium«barium sulfate catalyst was
prepared according to the procedure of sermiatdC.  tme 0.1
percent cuinoline-sulfur regulator wss prepared according
to the directions on page 4 .

In order to make certain of the sctivity of the
catalyst andd of the ablility of the ponison %0 ston the
reduction ot ‘he sldehyde astnge, & proliri-err reduction
wag carried out on freshly distillied bonszoyl chloride.

Fourteen zrams (0.1 mol) of ben=zoyl chloride, s8ix grams of



catalyst and U.% ml. of the regulator were used. The rescition
was complete in one hour. “he fact that the resulting
solucion showed a positlve test with Lciiff's resagent and

that 1t fomed a voluminous preclipitate on adaltion of a
solution of Z,4-~dinitrophenylhydrazone in aslcohol was tauken
gs sufficlent evidence thet the cstalyst-regulator syslem

was capable of reducing an acid chloride to an aldehyde.

PRELIMINARKY REDITOTION OF o=-HITH BFENZOVI, TPTORIDRE

Thirtecn grams of o-nitrobenzorl chloride, siz orams
of two percent pallasdium-barium sulfste crntalrst, 0.08 gram
of guinoline-sulfur regulator end two hundred ml. of xvlene
vere used in %1is reduction. ‘the temperature of the bath
WRS 1509- he reduction wus complete av the end i one hour.
The mixture was sllowed Lo stend over night. ‘The catelyst,
along with an scidic material which hed precipltsted on
standing, was filtered from the :ylene solution. 7The xylene
gsolution rave a negative test for saldehydes with both .Lchifrf's
reagent amt with 2,4-dinitrophenylhydrazine. ‘he acldic
materisl was separated from the catalyst by extracting the
catalvst with 0.3 sodium hydroxide solution. he acid was
purified by recrystallizetion from hot ethyl alcohol (m.p.
253-238°). Tris seld (I) when rmixed d th synthetic
s-nitrobenzovienthranilic acid (m.p. 235-5352) produced no
depression in its melting point. “Yhe acid (1) waes syntheslzed
by tresting anthranilic acid with o-nitrobenzoyl chloride.

The scild (1) was further identified by its conversion to
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o-nitrobenzovianthranlil (Iil). :ls prepsration is described

in a later experiment.

SYSTHRMATIO RBDUCTIOHS OF o=NITHOBLNLOYL GHLOLKLLE

In this series of reduections, the spparsatus shown in
fig. £ was used throughout. five and six-tenths grems of
o-nitrobenzoyl chloride, thirty ml. of xylene and 0.88 gram
of cetalyst were used in each reductlon. 7The course of e
reduction wer Fol%owed by titreting the hrdrssen chloride
vith one moreal seodium hyvdroxide solution. {Vade by rmekine
up & solution of twenty grams of analriicel sodium hrdroxide
to exactly five hundred rl.). The effect of the terpersture,
the efrecet of cuentity of ¢ talyst and the effect of the
anount of poison on ihe reducilon of o-nitrobenzoyl chloride
hasg becn swrarized in Table l.

“hese reduction nixtures were all worked up in the
following meanner. it the end of the reduction the nixture
was &llowed to cool In an atmosphere of nltrogen. “he xylene
solution was tested for the presence of aldehyde and then
slloved Lo stand over night. idigh molecular weizht seidic
materisl precipliated durling ithis standing sand wes filtered
off from the xylene solution slomp with the ocuxtalyst. The
1ight vellow colored x-lene sclutlion «hich remained after
filtretlion of the cutalyst was distllled in & portisd
vacuwn in sn atnosphere of nltrogen &t & temperature of
80-1009/20 rm. In every case o solid residue was left after

all of the xylene had been cvaporated. This T1ight vellow
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colored residue was thoroughly extracted with 0.3N sodium
hydroxide seolution. In this memner there were soparated
the following products. (1) a high molecular weight, xylens
insoluble acidic framotion, (£) a xylene soluble acidie
fraction, (3) a xylene soluble, sodium hydroxide insoluble
frection (Neutral Fraoction).



TABLE I

S% REDUCTION OF o«NITROBLNAOVL CRLORIDE
“Tatn Lxtent of Time of (irams (H8 - O 58 « Om
Run temper-  reaction reaction poison nitro«- nitro~ Grams
sture benzoic benzoyle neutral
acid enthraniiie material
acid
room
temper-
ature to
1 120° 0 1 hour
2 1209 99 1 hour 0 0.4 Be3 0.5=1.0
% 1702140° 997 1«2 hours 0.0175 0.68 1.85 1.1=1.7
4 125«130° 95% 24 hours 0.0225 - 0.8 3.25
5 126° 955 3% hours 0.0275 0.58 0.2 3.40
& 125° 667 5% hours 0.0325 0.5 - 2.7
7 120-150° G 1 hour 0.035 - - -
8 1:0-1686° 4 howurs C.0875 - - -
o 120-160° 1 hour  no poison - - -

no catalyst

% based on hyvdrogen chloride evolved.



INVESTIGATION OF THE XYilik IHNSOUBLE ACIDIC PRACTION

The material was recrysta.lized from hot aslcohol (m.p.
gﬁ%~§3§a). Tre melting polnt of this scid snd the feacet that
when mixed with svnthetic o~nitrobenzoylantiranilic ascid (I)
(mep. 233-235°) 4t produced no change in melting point showed
it to be ldentical with (1).

& more careful exsmination of the acidlce frection showed
that if the acid fractlon were first sxiracted with cold
aleohol &8 small amount of impure acid could bhe obtained.

Thig ecid (VI) was not identical with the mcid (I). sffter

two reorrystallizetions from alcecohol and wa er the scid (Vi)
decomposed around 1802, "me to the faot thet 1+ waa
corntorinered +ith {I) snd becanse ¢ ssticsfucerory shlvent was

rnot, Tound, the acid (VI) was never obtained pure; it never
occurred in lerge smounts. {(VI) was insoluble in benzene, water,
petrolewn ether, ethyl acetate, rylene and chloroform. {(VI)

was soluble In amyl aleohol, ethyl asleohol, cellosolve, acetic
acld andd scetone. (VI) pave a negative phenol test with ferrie

chloride solution.

INVESTICGATLON OF 43R AY.ble LOLUSBLE ACLIDLIC FRACUVIOR

A small smount of ecid was elways obtained by acidifying
the aikaline sxtract of the xylene soluble residue. This
acld wes recrystallized from hot wester. Its melting point

(145-146°) snowed it to be oe=nitrobenzolc scid.
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EAMIBATION OF 11y HEUTHAL MATLRIAL

Preliminery work showed that this meterial could be
recryatallived from cellosolve. PFractional crystallizastion
yielded turec fracvlons. (4} & 1igh melting fraction
(mepe 180-190°), (B) & frection melting at 150-1565°, ()

& low melting frecilon (H.P. 125-1459).

Fraction (4) arter two recrysiallizations from cellosolve
vielded & light yellow colored crysialline ralerial (m.p.
192-194%). Frection (B) wee ¢ifficult to purify. !fter
three to five recrystalllzetions from cellosolve 1t ves
obtained in a pure condition (m.p.157-157.56%), a1l
sttempts to Isolmie a low molting corponent from frection
{(C) rellicw. ki low melting fraction wes submitted to an
exheustive scries of fractionsl cerrstallizations: rurifics-
tion of sny fraction yielded a product melting at 157% or
at 19¢4°%. it every stage of the cr-stallizstion of fracticn
(¢) pixed nelting points wore taken to determine the
identity of these corponents with the two pure camponents
found in fractions o and E. It wes concluded thet the
neutrsal ‘raction contained & nizture of two caupounds;
compounsd (I7) (mepe 195~1@40} end compound () {(MepPe 157=
157.5%) . Although it wss not expediont to dotermine the
exact ratio of these two conpounds, 1t wes showvn that the

neutrel {raection comsisted mainly of compound (+).



IR TION OF THE NLIPPHAY. SOMPOUND (1)

Thig Yisht vellow colored compound, on slow recryatalli-
zation from ninety-five percent ethyl sleohol formed long
rnegdle like crvstals. It wes insoluble in <¢old waier, cold
ten percent sodlium hyvoroxide, and boiling 0.3X hydrochiloric
soid. It wes silightly soluble in cold ethyl slcohol and
cellosolve. shen (I:) was warmed on the steam bath with
G2t sodium hydroxide solution, 1t dissolved in the course
of one hour. “hen this product diasoclved, the solution
tecame 1ight vellow in c¢olor. Acidificetion of the wellow
solution formed g zhite preciplitste which after recrvstallii-
zation from ninetv-flve pereent alcohol melied at 233-2350,
This white acld when mixed with synthetic (I) di1d not lower
its melting point.

then the high melting acid (I) obtained synthetically
or from the reductions was treated with sn excess of thionyl
chloride and the resulting mlxzxtwe heated on the steam baeth
until the excess thionyl chloride eveporsted there was left
a 1ight colored residue. 7Thils residue wes recrystalliized
from cellosolve, (m.p. 1935-194%) and has been shiown by

4

Sehroster?d to be o-nitrobenzoylantnranili (i1:1). Mixtures

of (IX) and (III) were found to melt at 193-194°.



Combustion asnalyses were carried out on (IX).
Leight sample: 5.665 mg. welight ﬁgﬁ 1.6286 mg. welght C0g 12.917 mg.
34969 mg. welght Hy0 14150 mge welght Coz 0.144 mg.
Calculated for Cléﬁﬁﬁaaé Co BEaT He 2699« Found C« 62.2; He 3016
Ge 62483 He 3410
PREELIMINARY IDLETIFIC/TION OF WHE LOv MELTING BEUTHAL
SOMPOUND (X}

This light yellow colored compound formed long needle-
like cr.stals from hot cellosolve. 1t was insoluble in water
and cold ten percent sodiwm hvdroxide solution. then () was
heated with 0.5 ¥ hydrochlorie scid, concentrated hydrochloric
gcid or wilih aleobolic nydrochloric scid 1t sould be recovered
from the acetyl chloride unchanged.

A srmall portion of (1) when treated with 0.3 W sodium
hydroxlde solution and ¢asrefully warmed on the stear bath was
found to 2o into solution. <The resulting solution varied from
light brown to deep red in color depending upon the care used
in heating. Acidificetion of the solution and subse uent
coolling caused precipitetion of sn aclild from the solutlion.

The solubility and appearance of this acld (:1) were in every
way identlcal with the acid (Vl). The acld (-I) decomposed
around 180°.

Parther work of the hydrolysis of (.) showed that th
acid (xI) was rot the only hvdrolysis product. & smell asount
of (1) wes sdied t0o & cold solution o one ~rarm of anslrtical
porassium hyuroxide dissolved in ten ml. 2f diethylene mlveol.

The material (1) rapidly dissolved and the color Of the
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solution became dark red. ‘ithis ¢olor disappreared in the course
of & half hour. 1he cleer soluiion was made acid to Congo red
paper with cdilute sulfuric acld. Lhe added water was then
evaporsted in partlisl vecuum by heating on the steam bath.
The raterisl was protected from tne alr by surroumiing the
canillary with nitrogen. After svaporation of the water the
diethylene glyceol solution was extrescted with several portions
of ether. un evaporation of the etheyr in & stream of ~itroren
g vhite crrvstaliline meteriel remasined. 1Ihls material decomposed
when hested wiih water in the presence of gir. 4L omall sample
was washed with weter, carefully drics and melted at 85-Ra°
(¥I1. {4211 turns a derk red color at its melting point. It
also turns to & dark red resinouns materiel on standing in air.

sombustion enanlyses were carried cut on () after the
sample had been first rocerystallized several times from c«llo-
solve, then dissoclved in ethyl alcohol and decolorized with
Korite and then recrystallized twlice from ethyl alcohol.
Nitrogen:

(1) Temperature £7.3° Pressure 763 rm.
Telght sample 3.774 mg. Yolume of nitrocen 0.333 nl.
(2) Temperature 26.8% Pressure 762 mm.

Yeight sample 3.788 mge Volume of nitrogen 0.333 ml.

Calculated for Cgylyalalng 10.08 found 10.07; 10.03.
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carbon-hydrogen :
veight sample 4.461 mg. welght H

20 1e229 mge welght CJo 9.81l0ng.
veight sample 4.013 mg. welght Hol 1.097 ng. welght (Op B.7068mp.
saleulated for gﬁlﬁlsﬁsg? H 35,103 C 60.1, found H 3.083 ¢ 60.0

E 23‘(}4; ;; {'3906

Molecular welght:

Constant was 40. ‘ihe melting point of the camphor was 176.9°.
(1) “eight sample 0.387 mg. “eight camphor 5.363 ng.
HePs lowering 7.1°,
(2) eleht sample 0,370 mg. elight camphor 6.361 nmg.
¥.P. lowering 6.6°.
Caleulated for CgiHyzNzOy 419 found 3B6; 353.

An attempt to relste the acid (V1) with the neutral component
{~) was mede. The acid (V1) was treated with an excess of
thionyl ohloride end the excess was removed by hesting on the
stear bath, and the residue wss boiled with dilubte hydrocilorie
acid, flltered and recrystellized from slcohol. The smell
smount of material recovered after thils treatment prevented
complete purification. ‘The reocrystallized materiasl (m.p. 140w

144%) wae not soluble in dilute slkali.

ATTEMPTED KEDUCTION OF O«=NITROBENUOVLANTHRAHIL (IX)

3.35 prems of {(Ix), one hundred rl. of xrlene, 0.88 grarm
of two percent pelladium-barium sulfate cotalyet and 0.0175
gram of the gquinoline-sulfur reguletor were placed in the small

reducing flask. A stream of hydrogen was passed through the
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Plask for four hours. ihe temperature of the oll bath was 150°.
Ho reduction of the compound (1i) took place for all of 1t was

recovered.

PRLPARATION OF EI-E-Q-{;nEITHQBEﬁ%SY;]p~£HIﬁﬁ?ﬁﬁﬂSL
p-fiminophenol (decomposed at 180°) was dissolved in an
excess of ten percent sodivwm hvdroxide solution and then trested
with two equivaslents of o-nitrobenzoyl chloride. & precipitate
formed which was {'iltered, washed thoroughly with water, then
ten percent sodlium hyvdroxlde solution snd finelily with concentra-
ted hodrochnlorie acid. 4ifter recryvstalliizstion from cellosolve
this metericl wes obtained as & whiie crystalline 80lid (m.p.

189~190.5%) .

PREPARATION OF pe-NITHOBENLOYL CHLOKIDE

Twenty~seven grams of m-nitrobengole acld, conteined in
s two hundred ml. round~bottormed flask, was treated with an
excaess of thionyl chloride. ./n efficient condenser carrying
a calcium chloride tube was atteched to the flask and the
mixture wes gently heated on the steam bath for two hours.
At the erd of this time the acid was completely converted

-

into the acld onloride whileh woe left as o licht vellow liquid.
The condenser wag replaced by an efficlent distilling column
and after removing the excess thilonyl chloride by henting at
atmospheric pressure, the me-nitrobenzoyl chloride was distilled
in partial vecuum in an atmosphere of nitrogen. The flask was

heated by meens of an electricslly heated oll baih and the
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temperature of the oil bath was not allowed to go above 2000.

A water trap and 2 calclum chlorlide tower were placed between
the pump and the ey:tem during the distillation. The yileld

wos twenbyv-nine prams and represented nlnety-elicht percent of
the theoretiecml yield (b.p. 158°/10 mm.). For use in subsequert
reductions, this acid chloride was carefully redistilled and a
five gram forerun wseg digcarded. The last five grams in the

flagl was not Irnclwied.

PHIEPLARATIONR OF p=HIThOBLHLUY L CHLOKIDE

p-ditrobenzoic acild which had heen prepsred by the
oxidation of p-nitreotoluene according to the directions in
Srgenic Synthesesl® was treated with an excess of thionyl
ehloride and the scid chloride prepared snd dispilled in the
same manmer as ine corresponding meva compound. inhe pe~nitro-
benzoyli chloride wus obtalned as & lemon yellow colored
solid (b.p. 152°/17 m.). The yield obisined was ninety-two
percent.

p=liitrobenzoyl caloride was also made by treating the
acid with phosphorus pentachloride according to the method
of Urganie Synthesesl®. The yield obtained was ninety- ne
percent. ‘The Pirst nortion of the Aictillate which contained

aome orhos: horus oxyoehloride was discorded,

REDUCTIOE OF p=RUTHOBRHLOYL CHLORIDE TU p-~RITHOZEY ATDIVVYDE
ror use in cataliytic reductlon the p-nitrobenzovl

chloride, prepared by using thionyl chlorlide, was redirtilled
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and twice recervstallized from petroleum ether. The acid
¢nloride was then dried in & vecuum at the temperature of
boiling etlier untll there wes no further loss in welght.

Five ond six-tenths greams of this carified p-nitro-
bengovl oiloride, U.98 zm. of two ercent pelluadlum-beorium
sulfate catalyst and thirty ml. of xylene were placed in the
small reducing rlask. {he temperature of the 0ll bath was
150°. Zighty-seven percent of the ealculated amount of
hvdrogen chloride was collected in three hours. Ihe resulting
mizture waes ooled in an stmeosphere o nitrogsn and ai'ter
filtering from the catalyst the sylene was lested for t.e
presence of aldehyde. ihe solutlon gave & poslitlve test
for aldehvdes with Schiff's reasgent snd with 2,4-dinltro-
phenyihydrasine. ‘‘he xylene wes evaporsied in the usual
manner and after evaporation a light yellow colored solid
residue was obtsined. This s0lid wss washed with & smell
armount o ¢nld ether and then 1t was dried in mir. The crude
materiel (m.vp. 108%) «hieh welghed 3.6-7.75 crams reprosented
gseventy-nine 0 elighty~two sercent of the Lheoreticel amount.
The crude materisl conld be recrystalilzed from Lot water
(m.p. 1069).

fiteduction of the scid chloride which hed not bheen
recrvstnlllized gave only sixty-seven percent yilelds.

Lheduction under the same conditions as aveve on p~nitrobenzoyl
chloride prepared by the use of phosphorus pentechiloride would

not proceed st all, in spite of the fact that no polson was
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used and that fresh ertalrept wong uged. p=MNitrobenzorl chloride
(Kastman Kodae® Co.) which had not been firther mirified would
nct reduce under the same conditions. this same acid ehloride,
if recrrstallized twice from petroleum ether could be reduced

to ninety percent complebtion in three hours.

PRUPARATION OF m-NITRODENLALDEHVDE

5.0 groms of menltrobenzoyl chiloride, 0.88 gram of
pallacium~barium sulfete catalyst, tilirty ml. of xylene were
placed in the small reductlion flask. ‘he ltemperature of ithe
pvath was 150°. The reduction required four to five hours.
At the ond of two nours an sadditional 0.88 grsem of cstalryst
vas sdded; elighty~five o ninety percent of the thceoretical
awmount of hydrogen chloride was collected in thres to five
hours. the mixture wese cooled in an atmosdhere of niirogen
and the xvlene evepornted in the ssre way 1% was evaporated
in the srepareation of pe-rnifrobenzsldseiiyde. o 1imuld residue
vh:ich solidified when c¢ooled in an ice bath was obtained by
evaporation of the xylene. ‘The menitrobenzaldehyde contained
in tnis residue was obtalined in & crude form by recrvstalliza-
tion of tihe residue from ether. ihe welght of the crude
product (m.pe 50-53°) was three grams. This amount represents
sixty~six percent of the theorctical amount.

In srmother reduction under condltions identical with
tnose described svove, the entire residue obislned fra:x ihe
xylene cvaporatlon was treated with an exces: of 2,4 dinitro~-

phenylhydrezine according to the method described in lchriner
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41 e o ,
end ?usang*. e weipght of the 2,4 dinltronhenrihvdrazone

formed was six grams. Ihls represents a sixty-six percent
vield of m=nitrobengaldehyde. The £,4 dinltrophenylhvdra-
zone decomposed at 203°, This corresponds to the value
given in Lchriner and Fuson?l. Lless recent books list the
decorposition tempersture as 168°. This value wag further
conflrmed by preparing the 2,4 dinitrophenylhydrazone of
known {(Lastman Kodak .o.) me-nitrobenzaldehyde {(decomposed
at 293°).

The phenylhydrazones of the aldehyde formed in the
reduction of me-nltrobenzoyl chloride and known m=nitro-
benzaldehyde were made. Both melted at 125=126°. This
value is not in egreement with the value (m.p. 120°) found
in most books.

211 ettempts te increase the yleld of menitrobenzaldenvyde
by fractional crystallizstion or redistillation of the
m~-nitrovenzoyl chloride, by the use of fresh catalyst or by
the uge of Xxylene which had been washed six times with
concentrated sulfuric ascid falled.

UNSUCCESSFUL ATTLERPTS T0O PREPAHE H-lUBUTLOUTED ANTHRANOYL
CLHLOKIDES
(I) N-benzoylanthranilic scid was prepared by dissolving
£7.4 grams (0.2 mol.) of anthranilic ecid in one hundred ml.
of twenty percent sodlum hydroxide solution, and adding 28.1
grams of benzorl chloride dropwise. 7The solution was

mechanically stirred until the odor of benzoyl chloride comld
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no longer be notlced. The mixture was -sde acid to Congo
red peper with hydrochloric acid and the ancid which was
precipitated was recrystallized from alcohol and water.
Treatment of the N~benzoylanthreanillic scid with thionyl
ch:iloride gave a quentitative yield of benzoyl anthranil
(m.p. 122%). Ko mcid chloride was obtained.

(I1) R-methyleli~benzoylanthranoyl chloride

Ten grams of N-methylanthranilic acid (prepsred by the
addition of dimethyl sulfate to &8 sodlium carbonate solution
of anthranilic aclid) was dlssolved in fifty ml. of fifteen
porcent sodliwm hydroxide solution. “hile “eins stirred
meghanicelly the mixture was trested with 9.3 grams of
benzoyl chloride. Acidification produced a light yellow
colored viscous ligquid. Only sfter corplete drying dld
this substance become solid. It was then recryvstallized
from dry benzene (m.pe. 161%). &£11 attempts to prepare the
scid chloride of this scid by treatment with an excess of
thionyl chloride led to the formation of an amorphous
compound which could not be recrystallized. No acld chloride

was Obtained.
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SUMMARY

1) Catalytie¢ reductions have been carried ocut on ortho,
meta and pare nitrobenzoyl chlorides.

2) The cetalvtic reduction of o-nitrobenzoyl chloride
selectively reduces the nitro group in preference to the acid
ehiloride group. o-litrobensovlanthranilic scid (I) and
o-nitrobenzoyvlanthiranil (III) have been identified as products
of this weduetion. Tvo other products éf the reduction(l)
an acld wihilch decorposes nt 180° (VI) and () a neutral
compound (X) (m.p. 157-157.5) have been relsted but not vet
identified.

3) N-g-nitrobenzoyl-0O-g-nitrobenzoyl-p-sminophenol
has becn prepered (m.p. 189-190.5%) and has been shown not
to be identicel to the unidentified neutrsl compound ().

4) p-Nitrobensaldehyde has beon prepared in elighty
percent ylelds by reduction of the acid chiloride using the
palladium~-barium sulfste catalyst in the sbsence of quinoline-
galfur regulator.

5) It hss boen shown that me-nitrobenzaldehyde can be
prepayred by the catalytic reduction of menitrobenzoyl
chloride, using two percent palladium-barium catalyst in

the absence of quinoline-sulfur reguletor.



PART 1X
INTROLUCTION

The so=called "Diels alder” reaction or "Diene
Synthesls” was first discovered by Diels in 1928, when
he found that eyclopentadiene would undergo addition to

quinOnevﬁ

The resction comsists esrentislly of the 1,4-
eddition of a svatem contailnlng twvo conjfuruted Jdouble
bonde. ihe additlion of bubtsdiene o mmlelce anhydride is

8 7ood example.

cB
c//CHL CH_—Q—:’ o C‘—{‘I J\LCHNQ\-:—U
H + [ \o —¥ U
c’:H Ccy—<d—= o c i CH /-_-_, o
N H, ~Seny
Ketene written Clip=C=0 belongs to the 1,2 dienocid
17,

gsystem XaYmy in the asctive form of ketene the oxygen
tends to withdrew an electyron peir hetween the link

Ce(, thereby meking the center carbon atom in nug* =0 an

acceptor center snd the oxygen & donor center. JThus tLe
addition of most substances takes place on the 1,2 positions.
However, 1t is conceivable that 2,3 addition secording to the

follovwing schemel?.

CH—c<% + CHECH—CHZCH—

| -~ g -
Ch, =5—°¢ R S o C = C—Q) /\Q}l -9
| A ¢
QH CH‘_ & ‘QHl C‘\'}‘L ?HL
4
é_\‘\— d i — < c it /_C D
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Geveral attempts have heen made to uake the c&rbon o
carbon double bond in ketene undergo l,4~addition fo a
system of conjugated double bonds. Unly recently has
ketene beocn induced to react with double bond svstems.

The reaction wss carvried omt by dissolving ketene and
eyclopentudiene in toluene and heating to 1002 under
pregsure for one haur4. ‘ihe expected 1,4-addltlion to the
dicne did not texe place but in its place 1,2-addition

to the double bond resulted.
— HL
?H kIH- ?HL
\

b~ Qp— CH—~ € =°
CH=C=0+ §\H ﬁH —P o R
Cp— CH4 /ﬁC\HA

Cy CH—C=0°
I | )

The object of tiuls investigution was to see AP ketene
could be made to undergo 1,4~addition t0 & system of two
eonjugated donble horndg by resctine in the seseous phase

with or sithout the ald of & cutalyst.
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DESCRIPTION OF APPARATUS

The apparatus which was finelly worked out to test the
reaction between Yetene snd butadiene is shown in fis. 3.
The ¥ebene wus prepared in a goneratbor described by ©1111nma4B,
it was first passed through trap 1 which was cooled t0 a
temperature of «30° . by momns of a dry-ice alcohol bath.
The three way stopcock #4 made it possible to direct the
ketene elther into the systenm ox into the traps £. These
trape each held 200 ml. of wesicr and were used to detemmine
the rate of flow of ketene by titretion of the acetic acld
formed. whille the ketene was beling Introduced into the
standardization traps 8 the rate of flow of butadiene

hrougr the flowmeter ¥6 was Lrought o & desired rate.
Butadlene wes sllowed to pass into the air by means of the
three way stopcock #56. when the standardization was
complete, cocks ¥4 and /5 were simultaneously turned so
that botl: ketene erd butadiene were brousht into the
mixing chember 3. &t this moment timine wss besun. The
mixed gasces passed from the mixing chamber into the furnace.
If any reactlion products formed they waere caught in the
trap ‘8. This trap was cooled In an 1ce bath. ihe
unreacted gases then passed tihaough treps 9, escihr o which
cantained 200 ml. of water and served to sbsorb the un-
reacted kotene. 1he butadlione was caught In the trep +10.

Thils trap was surrounded by & thermos boutle containing
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aleconol cooled to =789 by dry ice.

ifter the gzases had been allowed to flow for ten
minutes thev were cut off end ‘he entire soneratus wes
swvept for ridteen mimites with nltrogen. 1t has previously
been determined that this tire was sufficient to purge the
apparatus of resgents or reaction products.

The unrescted ketene wag determined by titration of
the scetic acid formed using stapdard slkmli. The amount
of butadiene which passed through the system was dotermined
in an indirect way. oince butadlene is & zas at Ordinary
tenmperatures 1t was possible to determine the welght of gas
passing through the flowmeter by calibreitlion of the
dilfference in level in temms of the volume passed per unlt
of tirme. The butadiene was then passed through the meter
and through the system under condliions ldentical to those
during an sctual r™un ercept for the temperature of the
furnace. 5t the end of ten minutes the Mow wes stopped
end the system was gwept vith nlirogen for Mifteen minutaos.
it the end of this time the volume of licuid butediene
(at ~78%) in trep ¥10 was guiekly read. Thic procedure wes
repeated et several diffcerent rates of flow and by this
procedure the rate of butadiene flow was found in terms of
the volume of 1iculd butadiene collected in the trap.

‘the furnace tube was removable snd couslsted of a
length of 26 mm. pyrex tublng. it wes sttached to the system

by means 0of standsyrd taper ground gless joints.
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DISCUSSIOR

Lince 1,3 butadliene is e gas st ordinary tempoeratures
and vet 1is eseily liouifled it was chosen as the conjumsted
diene to be used 1In this study. #» tank of th IR8 wWes
very kindly furnished to the author by the Carbide and
Serbon Trericels Lorporation.

ite cifficulties, technlcesl mnd oithierwise, encountered
in this investipstion of ketene were maniiold. ‘The problen
resolved itself into (1) the prepsretion and maintencnoe of
8 stendy flow of ketene, (2) the determination of the rate
of flow of ketene, (2) the simultaneous introduction of
known amncunts of butadiene and ketene Into the reasction
furnace whose temperature wes known, (4/) the separation
and enalysis of possible resction products and unreacted
xetene anxi butediene.

e to variations in temperature and voltage, etc.,
the rate of flow of ketene was never exactly constants
however, the fluctuation was brought within & range thet
would allow s falrly accurate determinstion of the ketene
neing produced.

1 ketene were o react with butadiene in & dels

Alder addition cyclohexene~-3-one (1) would result

Ch=c=o S
+ — "
C HL:CH—CH:CHL HC /( He



b2

No such product was ever found in sny of the reasctions.
Neither wos any cowpound of the type (Ii) found. Such
a substence would result from 1,2 addition of ketene to
atadiene. CH,=Cl— Qb % I+
CH=c=zo J
+

fe Y

HF.C— C =0

—Y O R (It)
, ~ _ —Cclt

CH,= CH-CR=CHy Cho=C i —¢i T

o=—-C¢ — Cﬁt

it should be clearly polnted out that the possinillities

of this resction heave by no means been exhausted. 1t can

only be sald that the resulis of experiments that were

carried out indicated thet no additlion had teken pluce vwhen

ketene ardi butadiene were hested together In the presence

of pyrex zlass, clay plate, Filtros, reduced copper on clay

plate or Flltros, or copper chiromite on clay plate.

The greatest criticlism of thls work is that not ensugh
catalrats were tried ror wes the arourts of mﬁﬁﬁriﬁl evployed
gufficlently large. YThe sreall quantitiez of meatovrisls which
were allowed to come into mutunl contect wes made nosegury
by tnhe size and construction of the apparatus as well as
the limit of the cuantity of sisrting ratericl. Juslltative
rung were made In whleh the resctlon time vweas at least an
hour. In none of these runs were sany roeactants of the

dezired type ever found.
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The structurs of diketene has long beéen a subjeet of
investigation. Yhe most recent evidence has been subnltted
by Calvin,ingel and Hurd®. Yhe evidence which they prosent
favora the «-crotonolisctone formuls wilth the condition of
easy transformation into acetyl ketene.

9]

i

=G = GH = G = 0 —b Glge ~ H = ¢ = 0

It was hoped that some 1lgnt might be ithrown upon the
structure of diketene if it could be made O undergo e
1,4 addltion to & conjugated dlene. 4Lhe diene ciosen for
the reasction wsg £,3 aimeéthylbutadiene 1,3. 4 sealed tube
reaction between these two componente fallea to produce any
addlition compound.

Ketene acetal has been shown by kellwvaln to undergo
8 Dlels Alder type of resction with maleice aﬁhyﬁriﬁeﬁ; two

products are produced.

C Wy Py
~F~
o C ChH~—c ~ H K Ho
C Hs N ' . C LS
A <! Chg o MTSCH— S~
// -0 / b
CU—CLH : —

In forming thesse compounds two molecules of ketene acetsl
have core together to make up the conjugeated dilene systern.
In the light of tnis inforratlion one would not ezpect a

conjugated system of two double bonds to add to the double
bond of ketene acetal. Ihils expectation was LOorne out by
the fallure of ketene acetal to react with 2,5~dimethyl-l,

3 butadiene.



Attempted reaction of butadiens (2,3) and ketene

iIn this series of experiments the tube was filled with
1 om. lengths of 4 mm. pyrex glass rod. The results are
surmarised im Table 2.

I. Attempted reaction of ketene with butadiens, usinrg
various tube filings.
1) Alumina
This series of experiments was identiesl with

those above exoept that the furnece tube was
filled with 8 meeh activated alumima., No reaction
products were obtained. At sll temperatures from
room temperature to 400° ketens was quantitstively
decomposed dy the slumine. None wes recovered as
acetic acld, At temperatures around 400° butadiene
was partislly polymerised by alumina to.a liguid
hydrocarbon. At all other temperatures it was
quantitatively recovered.



TABLE IX

586

Hol. c;t Hol. of

above

Run ¥ol.of Temp. Result

‘ Ketene Ketene  Butadiene Furnaoce
In Out in Out
l +03856 030 034 058 100
2 033 +028 034 +034 100
3 038 029 036 +044 200
4 037 +031 +034 «034 £200
& -058 033 034 <035 200
6 +040 038 033 QB3 316
7 041 «O31 053 «0B 3w 425
8 Kot caleunlated



2) Filtros arnd Olay plete
In en sttenpt 0 find 2 carrlicr »leoh would not
aecompose tié ketene or te butadiene, clay plate
and iitros were lnvestipated. ohen elther one
was used as a {iller for the furnace tie butadlens
could be gquentitatively recovered except at
temperatures above 400%. Both of % ese ratcrials
brouzht about considerable decamposition of tie
ketene at temperatures above 1009.
3) Copper on filtros, copper on clay plate, nickel
chromite on clay plate
In an attempt to catalyze the reaction between
butadiene and ketene the furnace tube was filled
with various catalysts. The following were used:
reduced copper on filtros and reduced copper on
aley plate, nicikkel e romite on ~isv nlate. Fone
of these Lrought about any reasctlon. The recovery
of e butasdiene in every cese was quantitative.

Considerable ketene was lost because of decorpositlon.

1. Attempited resciion of diketenes and £,3 dimethylbuta-
diene (1,3)
A quantity of pimacol hydrate prepared according to
Orsanle Synt-esis®? was dehydrated by azeotropic distilietion
ugsing benzmene. ihe anhydrous pinacol was distilled and

converted into 2,3 dimethvylbutadiene by catalytie dehydration
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using actlivated sluwnina sccording to the method of %iesarlg.

The diene was obtalined in cizghty percent yields:s its
bolling point was 69‘?06.

Diketene wag prepared sccording to the method of
Organic Syntheaasg.

Experiment 1

bguimolar amounts of diketene ard £,3 dimethylbuta-

diene were placed in a flssk equipped with a condenser. e
mixiure was hested on the steam bath under gentle refliux for
two dave. The solution turned reddis:n colored due to the
furt-er polvmerdization of dilketene. The dione was recovered

unreasted.

hxperiment 2

Foulmolsr swountas of diketene snd ,5 direthylbutadiene
were placed in a pyrex tube. The tube was sealed and heated
at 170-200° for ten hours. At the end of this time the tube
wng opened and tihe contents exemined. J{onsidersble
decomposition had taken place. the mixture was black in
color snd very viscous. 1his visocous mixture was distilled
and the following products were identified. (1)} Lehydro-
acetlc acid (m.p. 108-109%; (2) the dimer of £,3 dimethylel,
3 butadiene. ihe bolling point fournd in the literature for
this compourd was listed es 96° at seventeen mm. of mercury.
‘"he bolling point found was 87-89° at seventesn mm. pressure.

he refractive index corresponded more closely to the value



in the literature, n%ﬁ 1.4816. 7The wvalue found was
n%o 1.4814; (3) u smmll amount of butadiene polymer
{Cepe 586/5 WEe ) e

ATTEMPTED REACTION BETUEpN EKrTiNE DIETHYLACETAL AWD 2,3 DI
EPHY =] ,3 BUTADILME
Ketene dlethylecetal was prepared from bromoscetal by
treasting it with potassium teritiery btutoxide. 7The bromo-

acetal was prepared by treating vinyl acetste with Lromine

in the presence of absolute ethyl alcohol. These preparations

heve been described by ﬁaﬁlvaingl.

Equinmelar amounts of ketene dlethylacetsl and 2,3
dimethylbutadione were placed in & prrerx tuhe. The tube vas
sealed snd then hested at 170-200° for si> hours. Ketene
diethylacetal, polymers of ketene diethylacetal and the
dimer of 2,3 dimethylbutadiene were identified in the

reaction mixture. No addition products were found.
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SUMHAKY

1) Ketene and butadiene will not react in ths gascous
prase at ﬁ&myeraturas'batween 100~500°.

£} PFiliros, clay plate, nickel chramlte on clay plate,
or reduced copper on filtros or clay plate will not cstalyze
& resctlon between ketene and butadiene.

3) activated mluming will quantitstively decompose
ketene at all temperstures between 25-400°.

4) Touirmolsr smounts of dilketene ard 2,3 dimethwlbuta-
diene neusted in a sesled tube were not found to undergo a
riels-Alder addition.

$) Eeulmolar amounts of ketene diethylacetal snd
2,3 dimethylbutadiene heated in a sealed tube for six hours
at 170-200° wore not found to undergo a Diels-Alder
sddition.
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