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boert 1

The Prenaration of Promnl

Historical

Tribrbmaoetaldehyde or bromel was flrst prepvered by
Léwie (1233) from ethyl aloohol and bromine vapor. It was
natural that this method should be the first used sinces Liebig
had sucoessfully made chloral by ehlorinsting ethanel in 1832,
Indead this simultensous helogenation end oxidation of slcohol
is employad todey on & larpe scale in the commarcisl menufloo=-
ture of the muoh usmed chloral hydrete. A

However thoe brominantion of acetaldehyde itoalf would Ture
nish a more direat approach to the problen end thls wes the
mothod selected by rinner (1878), who, followins ons used dy
Hagomenn (1870), mnds bromal from paraldehyde end 13quid dromine,
Ingemarn himsoolf seens not to heve sctually obteined dromsl but
was more oconcermned with a genersl study of the bromination of
acetalldehyde aend fhe proparation of its dibrom derivative,

In 811 the chemical litersture thess two methods of prepor-
otion ere tha only ones listed end both were written up before

1875, As is frequently tho ocsse with early workers in orgonic
chemictry yields were not mentioned, presumsbly because they

were poor. lelther Lowig, Plnner, nor cSohaffor, who improved
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Lowig's method, ntete anything dofinite about the yleld of broe
male Considering the interesting possibilities of bromal both
from a ohemicanl end a theraé;tieal gtandpoint a8 well ns the
0loae relation it bears to chloral, 1t ia rather astonishing to
note that in a period of almost 40 yearas, from 1833 to 1871,
soarcely eny mention of it is to be found in the literature.

Sehidffer (1871) worked on Lowig's originel preparation end
imovated improverents of his own., JAccording to him, ons adds
gaseous dromine in relatively mmall amounts to ehsolute sloohol,
The remulting product is distilleds, The freotion going ovoer
from 165° - 180o oontains tho bromal end this is separated by
repeated orystallizations in the form of the hydrate from which
the bromal may be rocoverad by heating. Trhe eddition of only
cmll emounts of bromine vapoer to the ethyl aleohol hindered
tha formation of ethyl bromido &4 muoh &8 posaible, according to
Schidffar. Schaffor confirms most of Towig's data on dbromel and
bromalhydrate, only corracting the melting point of tha lnttor.
Sohaffer alaoo investirated the by-~products fomoed in this rew
potion end found smong others carbon tetrabromide end dibrome
acetioc mcld. |

The mothod of brominatins parsldehyde dirscotly aas first
used by lsgemsrn in prepering dibroumaldehylde was later enployed
by Pinner in proparing bromsl. !agomann and Pinner apreo that
the reaction io too violent whor only bromine ond the sldshydae

are uoed, end declded that & dilusnt must be introduced,
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Tinmmer found oarbon disulfico end carbon tetrachloride mnsate
isfactory ard finally used ethyl ecetate. In the prepasration
of bromal Pinmer used parsldehyde to vhich had been £dded nore
then double §ts welpht of ethyl ncetate, Into this bromine
waa droppeds The fleagk was provided with an outlet for the
hydrogen bromide eveolved end wes copnoled Suring the rosction,
Tinner found tho roesotion went feirly eessily until about twe
mols of bromine hed been andded to ona mol of the eldehyde at
which point 1t eocened to stopes IHowever, he 4id securs pome
bromal, slthoush he does not say how muche In £ll of his expore
iments Tinner found that lerre quantities of tarry breproducis
were formmed by the yesction.

Others have worked on the hromination of parsldehyde and
have greatly inmproved the mathod of makine the Adidbromeldehyde,
which Pinner found falxly easy to prepare. B. !yle (1912) ime
proved Pimmer's method by using chloroform instasd of ethyl
ascotaote for a diluent, since the chloroform is not so sasily
or g0 fully brominated &3 the acotioc ester. !'ylo gives gpocific
directions end £inds thet 33 g, of didbromaceteldehyde, from 22 g,
paraldehyde and 160 g. bdbromine, ie the meximum yileld. e sayn
nothing about dromal althourh ho states he 1 making observe-
tiona on the hslorenation of the elldohydea.

Dworzak, (1926} followins o method ussd by Preundler and
Lodru (1905) in preparing monobrometetel, prepared the dibrom-
aldehyde and then converted ia into the dibromacetal by edding
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absolute aloohol to tho roesotion mizture, This reduced the
difficunltien of the soporetion of the dibromeldehyds ond enshled
him to secura g 40 per cent yield. I'e found it very diffioult
to prepare tho tribromacetal only succeeldiny in obtaining enouch
to ldentify. lenoe he conclnied that, rlthourh conversion into
the mcatgl offars a pood method of obtalning end sepersating the
didbromacetaldehvde, 1t is rnot feasible with the tribromaldehydo,
Ag atated, these, tha only two mathods for rreoparing broe
mal, were written up before 1875, and eince then mlnost nothirg
hes been done to immrove the mathods for meling this intercsting
end important compounds Chloral, 1ta chlorine esnslox, ia nonune
faotnred in great quantities but evidently 1odml hes never besn
propared, At loast no montion of it 1s to be found in the
chemiaoal literaturc. vidently the &ifficulty of rrernaring

bromal is intormediate bhetween theso two extremos.
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Meanasion

The author desired to preopsre bromal in frirly larce
quantities for use with Crignsyd's resgent snd, sesrching for
mothods of preparation, found only thoee listed sbove, IFron
the faet that nothing waaz eald sbout yields oxcert to state
that complete brominetion of either sldehyds or slechol pro-
ceodn with difficulty, end from the fact thst sstonishingly
1ittle work has bean dona with bromale-~s compound thet shoumld
offor great possibilities to the rorenroh chemisgte-it follows
that the preperation of bromel in gquantity by any of the
pmethods in the chenical literature {B very &4ifficult,

It ip obvioung thet Scheffor's method, involwving the intro-
duotion of bromine voapor into ethyl sleohol with distillation
and repested erystellizations of the bromell "rata, ropresonts
8 groat deel of work. with, in alddition, only a omall yiold,
it 13 on unsotisfactory methods Yot 1t ig the one listed in
tho Beilstein's IIondbook and ceoms to have boon the onoe uced
by nosat of the few who heve worimd with dbromal. FHowever, it
ves decided to usa Tinner's method of drominatirg paraldehyle
gince the techniocel difficulties encountered in sdding liquid
bromine to pareldehyds are riuoh lesas then in edding bromine
vapor to abegolute slcohol,

In the nbsonge of ppecific¢ directions in Tinmnor's srticle

!'7lo's directions were followed except, of courss, nsing three
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nols of bronine to one of paraldehyds. Aloo, carbon tetraw
chloride weg usad a3 a dilvent instead of chloroform or ethyl
acetato, since there is no chance of bhrominating ite Ths voe
aotion proceeded Just s Tinner hed etoted, with the exception
that carbon tetrachloride wes completoly astisfactory ss a diluent,
After nearly two mols of bromino hed been addad to onae of paralde-
hyda, almoat no evideonces of furthor reastion were seen end nore
bromine only colored up thoe roasction mizture., The tarry by
products found by Iinner were always found in thoso exnorimonts.
Tor apraratus, s throo-necied 500 oc. distilling flask wes
used. In ths contar hole a morsury-sosl stirrer was insorted,
in ono ol the other holes a droprinz funnel for the bromine and
into the other & zZless tudo lealding over solutions of goldiun hy~-
droxide in two connectad flasks to eateh the hydrogen bromide
evolvad, oy distilletion, the product wags transferred to an
ordinary distilling flacikzs A filteriny flask served as the roe
ceiver with the side tubs cornectsd to o flaagk of sodiun hydrox-
1de solution to pravent ths escape of hydrosen bromide end bromine,
Timoer seys nothing about the length of timo regulred for.
the roaction, dut only by leaving tho recoting oubstences to-
cgathor for cbout & waelk with seversl hours stirring & day, could
g decont yilold be obtalrned. Tho deot run (I'rotocol 1) using
thro0 mols of bromins to one of peraldshyde with 5O g. of carbon
totrachloridae es a Alluent, gave, by distilletion, a €1 per cont
yield of impure bromel which mede, when purified, a 49 por cont
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Yields 1If the time for the resction were chortensd, it only
reduced tho yleld, (Protocols 3 end 4)

It was evident that no great quantity of dromsl would be
prepared by such & lengthy rrocedure so it wag deolded to ssarch
for catelyzera. A3 poasidbllities, it was decided to investicate
the action of iron, antinony, fodins and phosrhorus trichloride,
61l of which have been uned as halogonation cetelysts. As far
€3 posaeible, thoe eard oxperimental conditlons were naintained
with the runs extoniing ovar tho sermo lencth of tive and with
epproximately the saome amount of atirring. Rather roocd indicoe
tions 23 to the effoot the possibvle asntelyst was having on the
spaed of the reaation werse found in two weyst first, by the
chenge in color of the paraldahyds aas the bromine was sdded; and
gegond, by the temporature of the flesk of eodiul hydroxide
nolution which beoorw hoated in proportion to the omount of hye
drogen bromide evolved,

One=-holf gren of ench of the solld cotalysts and 1 oce of
tha phosphorus trichloride wos addod at the start of esch
reopective exreriment, sud the reaction corofully followed,
{Protoocols 5~8) It was soon found that none of the originsl
ocatelyzinz arents would inoroase the yleld, or sccolerate the
reaction, Antimony had seeminrly no offogt on the reaction
except & poseible slipgkt nogntive one. Jodine slso sesned to
thow & slisght negative effoct and in eddition colored the finsl
rroducts Iron acted as & strong negative catelyst, elmost no
bromal being produced when 1t wes used., Thosphorus trichloride
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soened to show 8 slizht catulytic setion but not sufficlent to
help greatlys CObservetion sleo showed that nong of these gube
atences spesded up the rongtion aprrecindly.

Sinog none of theso catalysts wersy of use, it wos naxt
d20i1d2d to try the inflvenso of nass notion. It geswed losiocel
that complets bromination of tho sldohyde would be more easily
agoonplislhed 1f the parsifichyle wore dropped into excoas bromine
inatezd of droppins bronine into tho peraliehyde. racsrdingly,
tha bromine was placed fnto the flask nnd the parslfshyle dropred
into 1t. <Chou this was done and the run oxtended over the oo
Yongth of time, tho ¥iold wog inoreased somewhet, butbt when th
time was out down thre yiald slmo decresssd Just as boforae.
{Protocols 9 end 10) Iext, in order to see whet ¢ffsct Loat
would have on the reaction, o rollux condenger was plrasd on
the set~upe his was inserted in the 3ok of the fluszk that
had boen usad for the hyirorer bronide tube mnd the lattor was
thon atteched to thoe uprer end of tho condensor. Then the e«
zoation was allowed to procced By 1%ts o hast while the parsle
dodyds woas belng slowly edded, the texmerature being regulated
by the opead of droprning in the poreldehyldes 2ftar thw zldo-
hyds vwag all in the tenperatare of thoe flosk wes tapt al 63 %20°
by means of a burener flame. It was found this m#thod materially
sat tho time ncaeeganry for tho remcetion and mzintsined oy ine
oreased the yield of bromsl. (Protocols 12 ard 186} Also, in

this method, & diluent i3 not necsssary, tha only precauntion
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belng that the paraldehyde not be added too fust.

It wag found that a period of four hours reprecented the
ninlmuwa time necessery to obtalin a good yleld., The parsldehyde
waes &ll &dded during the firet Pvwo hours and the raastion was
allowed to procoeld undor its own hente 07 the next two hours
the mizture was hestod to 692 - 3% £ad thon the product wag
diatilled n:nd yedistilled, In thias way o 45 parcent yleld of
pure bromal wes obtaineds (’rotoonis 16, 20, 23, 26 =znd £0)

Although Ly this method 1t was poscible to secure in four
hours o percentage yield a3 hich es ked beon obtained in o woolk
by eny other way, additional work wag done to Inorerse this
vield, Since tho broumine reprecents by for the most exnonsive
02 the resatling substences, yvieldn have been fizured excelue
sively on 1t and proportions have nleo Deen wveried with a view
te the groatect yinld por mol o brexlyes Tho bost proportions
s@em to bo woerly equivelent amounts but with o elight excoss
o2 porsldehyds.

Singe iron, 1odine, end entimony hed slready glven poor
rogulte a3 catolyzora, they were not furthor investircted.
Thosphorus trichloride, which nad soted pouitivoly in the
earlier methed wes uced grein, but with no prepter svecess than
bofore, (Iwroteecols 13 ang 14) Alwainua soted oo a negative
catalyste (2rotecel 17) sulfar, however, showefl enouch motion
werrant 4ts use in the ypreporantion of bromel, DBy tho eddition
of 1/2 g+ of oulfur to tho bromino in the flask at the start
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of the reaction, the yleld can be incroased from 6 = 10 per
oant, slthouch the tima of tha reoscotion is not shortencd.
(Protocols 18, 19, 20, 21, 25, 26, 29 and 30) 3dut 2 eure
vield of 05 per cent of pure dbromel in s period of four hours
repracents a decided improvomont over the originsl sttempts.

The physicel conastents of bromal have been well estabe
lighed by Towig, and confirmed by Sohéffer, Iinner, end others,
Since the purs produet sgreed in boillrng point, color, and
odor with theiy enecifiostions, only e determination of the
per cent woight of the bromine by the Carius rethod was used
to eoteblich the purity of the bromels Theoreticslly bromsl
ghould contain 85,40 per cont bromine by woelghts. Cerius detere
minetions on verious soamples of pure bromel prepared by the
ghove mathods ranre from 88.10 por cent to 85,39 per cent with
B5.23 por cont as tho avereso. Conszidoriny the errorys inherent
in the Coriuvs mothod aend the fact that bromsl decomposae
gliphtly on stending, thins sgreement 1a pood.

In d1st11ling the resction mixzturss the Ifraction from 155°
to 175° hes been tekon as containing tha'major rart of the bro=
mal. ‘oSt of the bromsl comes off from 164° - 166° at & baro=
notric prescurs of 67.5 ome of mercury. The fraction from 50°
to 155° welghs from 20 = 70 g. and, elthough verying with 4if-

faront runs, conslats principelly of exce: s dbromine end mono

end dieceteldohylo. Thero is cometinmes & elight frection
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11

ebove 175° but uszuslly 1% 1o 8o omoll that it hes been disre=
garded. 3By saving the lower fraoctions, 244ins soms nors bro-
mine to then cnd heating end stirring es with s rosulsr run,
gsubgtantial quantities of hyomal heve dbaen seanrsd. (Frotocols
11 and 19) So in satuslity the finﬂllyiald nf bromal is hichor
than the figures that have beon glven.

Thare 1a glivways & roecidue of ftarry Gocommosition products
laft in the 4iptilling flask, ususlly not sver 10D groms, hut
these were not investisnted,

In these experimants, an ordinary condenser with s l6-inch
Jacket wea used gs the reflux condenser. Cince the dsrkered
color of the sodium hivdroxido solution used to ostoh the hydro-
£31 dbromids chows that a faly smount of dromine 4a oarried over,
it i probable that & longor condonser, or a collod reflux cone
dengser would retaln more of thia bromine rnd thus incresse the
viold. It wsag slso notlced that thers was en irncrease In
yield wheon the outlet tube wea nartiallr rlugred, (7 rotocols 22
end 23), indioating that increesse in nressuro nirht Foly the
yisld. Dut bocouse of the morcury ssal stlirrer that wes beling
uged it was not feanuidble to invoestirste thio,

The £0llowins direcstions represent the final resnlts of
all the experirenta:

A 8O0 cos three-necied Aistillin~. flagk is Fitted with o

meroury eesl stirrer, a dvroppinz funnel end 2 reflux ocondancer.
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Prom tho condonser s plasgs tube leads to two connected flasks
conteining sodium hydroxido solution to retsin the hydrogen bro=
mids. 1 1/2 molse of bromine and 1/2 g. of sulfur asre pleced in
the flask end £3 g« of persliicehyde in the droprins fumnol. 7he
mixtore is stirred constantly. 7The reaction is allowed to pro-
oved with 1ts ouwn heat over & period of two hours while the pare
aldehyde 18 edded,s After this the mixture is hootod for two
hours more %0 a tomperature of 60° - es°. Thon the produot 18
dietilled emd the fraction from 155° « 175° (nar. 68 om.) ocon=
taining the bromal, 1s redistilled, The pure bromal will be
colored loss 17 this redistilletion is done mder reduced pros-
sure, but this is not necossary. Tho fraction from 50° - 155°
is caved snd saversl of theso tozether trented as ebove with a
smoll eddition of bronine to meke more bromaol,

In oconclusion it csn be snld that by dropping parsldohyde
into bromina contelining 1/2 g. of sulfur as s catalyst, using
heat to carry on the reectlion and a reflux condeéenser to roturn
the vaporized bromine, it is poosible to obinin a 50 per oont
yield of pure bromel in four hours. In additlion the lower
frootion Lrom the distilletion may be rermn with s anell pddi-

tion of bromine to secure more dromale
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Txporirontal

Hosponts

£11 of the rosagents wers dried before being useds The
carbon tetrashloride was C4.P¢ end wng dried over oaleium
¢hloxride, Tho parellehydse was not labeled e to purity. It
elso was driod over onlcium chloride., Tho bronine wes dried
under aconcentrated oulfurio weild end wag the purified comxnere

eiel prodnot conteining not over 1/2 per cont chlorine.
Protocols

1, londey. 205 g. paraldohyde mnd 50 g. oarbon tetra~
ohloride were plsced in flask. 100 g« bromine wans dropped in
with coolling end 6 hours siirring. The ¢coloxr of the paralde-
hyde ptayed light. On Tuesday aftor 30 g« nore bromine had
been dropped in, the flesk becaome permenently colored. 30 g5«
more bromine wag dropped in with a totel of § hours stirring.
Yedneoslday 140 g. bromine wag sdded with 4 houra stirrings.
Thursiay, the mixture wes stirroed 4 hours; Friday, b hours;
Saturday, & hours; end llondey, Z hours sfter which 1t wsas dlo-
t1lled. 108 g, orude bromsl care over from 165° - 175°%C.
There was shout 100 g. in the fore~run incluldins the csrbon
tetrechloride, anl a heavy toryy residus in the flesk. The bro=
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mal on redlstilliation raove 756 ge of the pure product boiling
from 161° « 169° with most at 164° ~ 166% ©his was a 49 payr cont
vield,

nalysig gave 85413 per cent bromine; thaoretionl, 83,40
por cent,

2. Tuosday. Into the xescotion {lnsk were placed 22 g.
paraldehyde end 40 g. oerbon tetrachloride. Tromine was drop-
ped in slowly, with cooling end 4 hours stirring, to the extent
of £0 g The rosotion mixture stsyed licht colored. ‘ednesday,
70 ze bromire wans gdded with stirring over a 5 hour poriod.

The parzllehyde beczme permangntly dark coloreds Thursdisy, 90 g.
bronine was added with 5 houra stirrings Pridey the nixture

was atirred 5 hoursy Isturday, 4 hours, Sundey 2 hours; ond
'ondey 4 hours, Tuesdey, the mixture was distilled. Irom 50° «
155° bromine , carbon tetroohlorife, end dibromscetaldehyde,

with poesibly aome parasldehyde snd monobromacetaldehyde omma
over., Frrom 1557 - 1750, bromnel care over to the extent of 78 g.,
loeaving behind e tarry resifue of sprroxinntely 16 g. Thie
fraction gave on redictillstion 62 £. of pure dronale~s 44 per
cent yield,

Annlysis showed bronino to be 85,11 perxr cent.

3¢ Todneodey, 25 g. paralldehyde was placed in the flaelk
elong with 60 ge earbon tetrachloride. Tromina, to the extent

of 100 g« wes odded Jodnesdey with constnnt stirrine over &

pericd of 4 hourse. Thuresdsy, 200 g. more bromino was sdded
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with 8 houre etirrings TIriday the mixture wao stirred 4 hours
and on Saturdsy, dlatillsd, &4 g« crude bromal was obtsinod,.

4. Fridsye BO g. peraldehyde and BO ge csrhon tatrochlo-
ride wovre placed in the fleaks To this wes slded 170 pg. bro-
mine with oonstent etirring and sono aoolinz over & poriod of
6 hours. The flesk ryonmalned lipght-colorsd. Saturdsy morning
95 ge bromine wans al@ded which made thoe mixture pomanently bro-
mine~oolored. Saturdey evening the mixture wes distillaed and
much dibromacetaldehyde wes obtained hut only 61 g. cruds bro-
mnl.e

Be Vednesday. 22 ge paraldchyde, 40 ge carbon tetrachlo-
ride end 1/2 g, pure iron powder wore plamced in the flask.
Bromine wes dropped in with stirring and coolins.s 7Tho mixture
becamw darkecolored from iron bromide glmogt imedintely. 60 p.
bromine woa dropped in Jednecdey with 4 hours stirring; Thorse
dey, 60 g. more bromine with 4 hours stirring; Friday, 100 g£.
bromine with 5 hours stirring. Taturday, thoe resction mixture
waa stirred 3 hours; Ionfay, 6 hours; end Tuwwadey, 7 hours.
Yodneedey the mixtura was distilled but 1o bromel at sll was
secnrald. Tha temperaturs during the diatilletion novor went
ehove 110°. indicating thet slmost ell of the parnldehyde was
converted into monohromacetaldeohyda,

6+ lionday. Into the flask were placald 25 g. paraldehyde,
40 g. cerbon tetrachlorido ond 1/2 p. powdered antimony. Dro=
nine waa added with cooling end etirring to the extont of 100 g.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



16

cver a period of B hourss Tuesiey, 100 g. 0f bromine wes aided
with 4 hours stirring. The mixture weg now permmuontly brominoe
oolored showlng that thae antimony waa not eocalerating the ro-
eotion. ‘ednasdey, the mixture wes gtirred 5 hours el 95 g.
bromine w8deds Thursdey it wos stirred 4 hours; Iridey, 4 hours;
Cafurdny, © hours; end londey, the produet wes distilleds 91 ¢
crude bromel waore obisined vhich gaove 68 g. pure bromnl,

Anelysis by Cariuvs' method gove 085422 per cent dromine in
the pure bromal,

7. Uondey. 25 g« parcllshydo, 40 g. carbon tetrochloride
end 1/2 g. fodine were pleoe? in the fleok. The icdine immedie
ately discolved and charectoriastically colored tho mixture.

Into this nixture 110 g« bronine was dyopped with & hours stiye
ring snd soms ecoling of tre flesk. Tuenlday, 99 £« bromine was
aedded with 4 hours stirring. It wes evident from the smount of
hyfrogen bromide evolyved that the Lodine weo not ceecolorating

the resctlion. Jodnecdsy, 100 £. bromlne was £ddeld snd the migew
ture was gtirreld 3 hours: I'ridcy, the nixture wes stlirred 4 hourss
Saturday, 3 hours: end !‘onday, Giectilleds €1 go orude bromel,
hisghly eolored by the lcodine, tnc the yield.

B, odnesiaye 25 go porsldehyde, 40 £. corbon tetrachlow
ride =1d 1 oc. phosrhoruag trichloride wers rloced in the Llasik.

110 ge Lromine was drxopped in with coolins ond 4 houvrsz stirring.
Thurcday, 25 £ broaive wes sided with 4 hours stirrinze The

roaotion was seaminsly asbout stoppeds Friday, the nixture was

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



17

otirred four hounrs snd 93 ge¢ dromine dropped in. Soturdsy, it
was stirred 2 hours; Yondsy, £ hours; Tuesdey, 5 hours; snd
9dnestay, the nmixture wes distilleds 111 ge orude bromal wse
obtalined,

O Tuesidnys 300 e bLromine and 59 pe oarbon tetreschloride
vere pleged in the flesk, ond 25 g4 persldehyda waa‘plaoed in
tre droppirve funnel, 15 5. percldehyde wes gdded Tuesday with
cooling end § hovys siirrirg. ‘ofnendey, 10 £+ persldehylde
wag dropped in with 4 hounrs stirring end some cooling. Thurge
dey the reaction-mixture wes stirred 6 hounrs; ridey, 4 hoursy
Saturday, 3 hours: 'onday, 5 houra:; snd Tuendsy, the product
wa2 4latilled, Thera rag & Tore=yrun of sbount 50 g., ¢ fraction
of 103 ge exrufs bromal from 165° « 175° pnad a modiumesized
rasidco of tarry by-productss. The cruds bromal when redistilled
coava 91 ge pure bromal which Ls a 52 par gent yield.

fnalysis by Carius' mothod ghowad 85,17 par cont bromine
in the pure product,

17, Wadnesdny. 320 go bromine was pleced in tha flesk
withont any diluant. he mixture was cooled end stirred for
4 hours, exld 27 g. poaraldehyds wes sdded, Thuradey, it waas
etirred 4 hours, tmd then fMictilleds Y2 2. arude dromal wes obe
tained.

11, ‘pproximotely 400 oo of foreeruns wes placed in the
fleck end 200 o bromine weg 2dded to thiss Tho mixture wes

gtirred 4 hours, £llowed to stend 4 hours snd thean Aigptilled,
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300 e crude bromal was odteinad,

12, 300 g, bromine was plecad in the flask, A reflux
condenzoyr wag attached to the flask., 27 ge poraldechyde wos
dropned in over & period of 2 hours with constant stirring.
Then the mixture was etirred and hested to 60° - 89° for 3
hours more, The mlxture was sllowed to stand for & hours and
was theon distilleds 112 g c¢rude bromal was obtsined.

13s 300 ge bromine snd L oc. phosphorus trichloride wore
placed in the flask, 27 o« parsllehyde was dropped in with
gooling and 4 hours siirring. Thoro was no refiunx cordenser
in the getup and no heat wno applied, The mixturs was let
stand for 5 hours and then d4iestilled., 81 g4 ¢rulds dromal was
obtained,

14, 300 go bromine and 1 cce. phosphorus trichloride wore
placad in the flesk which was fitted with 2 reflux condencer,
£7 g+ parellsehyde wes drovred in Lfyom 9 ~ 11 Allfe with no
oooling but with constant stirringe The mizture wes stirred
end hoated to 60° = 50° from 1 = 3 2% A% 6 TWIfe the mixture
wes d4iatilled #nd 11l £+ erude bromol was secured..

15, 1080 pg. orude bromel waes Aaistilled end fraotion
Trom 1599 « 172° sonteining 960 pe pure bromal was obtsined.

inelyeis gove 85,08 por ocent bromine by weight In the
final produst.

Lote: A1l the following xuns havs beon done with & reflux

ocondenser atteched to tha sotup.
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1l6. 300 ge bDromine wag Tlacod In the fMasgk. 27 g. paral-
dehyde wrpm Aropped 1n from 7 = 8330 T, with constent stirring.
Then the mixture wes hosted ond stirred wntil 11:30 TW'%, vhen
it was distilled, 104 g, wes gecured in tha fraction 155° =
172°,

17« 300 g bromine and 1/2 ge aluninus ghavings were
rlecad in the flaske The sluninum wes imrwdistely convarted to
slwainon bronide with incandesence. Then 27 pe paraldehyde wes
2ddsd with congtant atirring over o poriod of 2 hours. The mime
ture was otirred and heated to 60% = 80° for 2 1/2 hours more.
Thae hydrosen bromide waa wvery glow in conins off. Thoye wes o
large fore-run, only 72 g. ornde bronnl, and an averare residne
of reosinona by-rroducts,.

18, 800 pe Dromino snd 1 g, flowers of sulfur were nlaced
in the three-necoked 4isotilling flsak. 28 g. persliehyde won
dropped in with stirring from 7:30 = 9:00 ' “hen tre nix~
tare wos stirvred until 11:30 Pel% when 4t was diptilled. 118 g
¢rude bromel wze obtalnad,

19, Approxinctely 80 s, bromine wae edded to about 402 g,
of fore-run in the flssk. "his nmixtors wes ruz with hest and
gtirring for 4 houra. 260 gs aruds broasl was obizinol on 4is-
tillation and thers wag 8 lesrsoe fore«run which wos cavaed to Ve
T Ul

20, 300 g« bromire wea pleced in the recetion-flcocke In
1 1/2 hours and with constent stirring 28 g. parcldehyds was
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dropped in. The mixturs wos hosted to 60° =« 80° end etirred
for 2 1/2 hours mors eni then distilled, 100 g. orude bromal
wos sacureds

21. 300 go bromine end 1/2 g sulfur wore placed in tle
flas¥, 28 g. porsldohyde wes sdded in 1 1/2 hours with counw
stont stirring, Tho reactlon-mixture wea hosted and stirred
for 2 1/2 hours more and then diotilled. 113 g. crude broqnl
wag obtalined,

22, 302 ge bronine and 1 p. sulfuor wors plsced in the
fisck, 7Tho nixture wae stirrved constently. 29 g. paynldehyde
weg 4dropred in over a mperiod of 2 hours end then the mixture
wes heated to 60° « 80° for 2 hours morve, On distillation
125 pge oynde bromel wza obtained., In this run the outlet tube
for the hydrozoan bromide was pertially vlugoed and sn incroaca
in prossuro ssermdd probsbla,

25e 30D ge bromine wen slaced in the floeks 29 ge parnl=
dehyda wos added in 2 honrs end then hast wes spplied for 2
houra more. The mixturn was stirred constently. 0On distilla~
tion 110 g. crude bromal was geonred., In this run, slso, the
cutlet tube wes partially pliucced,

R4 1007 e ornde dromsl wos redisztilled usine o stone
darflized thermometsr and with the barometor st 67.07 cme The
fraotion from 160% « 171° wes taken es pure bronel with most
of this coming over at 164% - 1¢6% 850 2. browsl was ohtained,

/nelyels on this bromel guve 85.%1 per cont bromins.
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Theorotical 18 85.42 per cent bromina,

25, 300 g bromine wes pleced in flask eloag sith 1/2 g
gulfure 29 ge of poreldohyde was clded ovar & period of 8
hours with oounstont stirrinz. 7hen the mizture weg hestod and
stirred for £ hours more and dlstilled. 111 g. oruds bromal
wvas obtained, There was 2 rather luyge foroe-run but only en
averspe youidue of tarry byeprofuota 1loft in the distilling
flesk.

&6e 300 g bromine was plsced in thae flask.e 2o this
2?2 g« parsldehyde was edded over a perlod of £ hours with heate
ing and stirring for 2 hours nore. 107 ge oruds bHroimal wes Obe
teinod.

2%. 810 zo crudeo bromal wes vodistilled. The fraction
from 160° = 171° at e barometor pressure of 53.4 cm. waa saved,
604 g« pure bromel wes obteined sprroximately 450 g. of which
oame over from 1057 = 167% he fore and eftereruns vere
geved and rerun slong with Lforg-runs from sther experimanto.

284 180 g. bromine was placed in the flasgk snd Lo thia
23 ge pareldeonyde woa sddod over o E-hour perlol. Tho mixw
ture was gtirred constantlye. It waa hosted for 2 hours more
and distilled, On dlstillstion 45 ge ol dlbromssotsldlehyde
come over fronm 133% - 157°, on redistillation under reduced
presoure this gave 25 g. of pure dibromsldohyde.

malysis o the ehove goave 79,72 per count bromine by

wolghts Theoretioal is 79,13 per ocent.
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29. 2490 5. bromine was pluced in the Tleoek end 23 g
poreldehyde wes sdded to this with constent stirring over a
reriod of 2 hourse. Thea tho nixture wes ptirrod and heated
Zor & hours pores B85 . of crufe brongl wes sscured vhioch
goave 62 p. of pure bronal on redistillation,

Anelysis chowed 25,17 rer cent ¢f brominae

50. 240 g bronine ond 1/2 g. oulfur wers plsced in Llhe
flace end 23 go rarsldenydo wea droppsd in with constent pilre
ring over & poriod of 2 hourn. Then the rdxtwrs wes stirred
end uoateld for & hours nore. 95 2o ¢rude bromsl viag soourod
slhiich on vediztilletion pave 74 e 0f vure hronale

Anlysio by the Cordas mathod shomed 85.24 rer ceut of
bromino.

Joreral other rung were enmplated that hovo not bean row
ovorded hore, Some ol thogo woere done pursly to prcdnuce bromnl.
These confir tho onas listed ehove. 11 tho nortinent oxrorie
130153 hava boen included in tho adove protocolsm.

111 tesperaturag civen in thio artigle nra ungorreoted.
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Part II

Broma) with Crismord's Rescont

A Treliminary Stndy

Tizsenasion

4L the atart of this work 1t wes plonned to stady
thoroughly the rosction of bromsl on Grignard's reesent, but
g0 maech tino waa arent in finding a pood method for preparing
bromal thet the originasl plan counld not be completeds Toe
caucze of this tho rosults glven in this section 4o not repro=
Bont & completed project,

So much work hes been done with Crignerd’s rengont, esg-
pocielly in producing seconiary end tertiary sloochola, snd
the method of preparing the reoarent 1tself 1s so woll stondarde
jged that any hintoricsl discussion on these points is umeo=
aganrye The particulsr rascition in quosgtionw=between bromal
end Crismord'a reasonte--hns not beon inveatigated previouns to
this study. S3ince the rencetlon of bromal mirht be expected
to follow closely that of itgs analog, chloral, the methods
nsed by J. . Mowoard (192G) 4in prensring secondery elcohols
from the latter have been used in these experiments.

To prepare the Grignard resgent, & liter three-necked

distilling flask was used. To this s mercury-sesl stirrer, a
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dropring funnel and & reflux condencer were fitted. Iry
megnesian wes placed in the flesk and the mixture of the alkyl
bromide and shsoluto ethor wud Aropped on the mosnesiaon. Ore
dinerily, after the rozetion waas completed, two or three grens
of mnused mernesium wore left. In order to remove any poasi-
bility of this remcting with the bromel, ths solution was
quickly decanted into another threoe~nociknd flesk bdefore rdding
the bdbromel, {Protocols 1 and 2)

If the reaation of bromal end Crignsrd's reagent goes
straightforverd, a tribron sscondery aloohol would bs the mein

produot. In orxder to prepare tho secondery sloohol represonted

B» T HH
by the Tormalas DRr-Ce=C=0~C-IT , mognesing ethyl dbromide,
Br OH U
11
HE
A=C~C=1700r , was used. The produetion of the aleochol would go
b5 QB4

sccordine to the following acheno:

Ny
i
Br HH Br O HH
Brel=(30 4 Halwlm]=N  —————p NrwCulmlelsl]
Br H H I Dr ?Ii H I
Be
e -+ oA H
Br O H H. e 0 HE
Ny=lewl-Calei cmsserered  pmleCalalel] < BEOU
By T I 3r T HH

IT.

Since only the preparation of the sbove sleohol was ettempted,

ethyl bromide wns uged in ell our preparsiions of Orirmerd's
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roegont,

To prepere the secondery elcohol, s mizture of bromal ond
obsolnte ethey waa dronmad intoe the mrgnesium ethyl bromide,
The reoection wna very vigorous end tookx mucoh coolinge ‘hout 45
minutes was noeeded to add sll of the bromel. This mixture wog
heated for three hours and then hydrolyzed with water snd o 30
per cont solution of eulfuric soid. The ether layer, which in
811 expariments sppeared &g & vory dark brown selution, was
separated end weched.

In the first attempt (Protoocl 1) the ether wao distilled
0ff the fingl solution end tho very dark, heavy solution which
was left wes stern digtilled, Ifter oxtrection with ether,
the product from siegn distilletion wes Gried, the ethar was
dlstilled off, ond the product Aistilled under reduced prossure,
There wag no constant boiling point in thig distillation, ezw
copt et the point where dbromel bolled, 64% The fraction from
60% « 80° was proven by analysis to be bromal. The next frogw
tion from 80° « $9° ghowed a dlmunition ir per cent of bromine
but not sufficient to indicate it to boe tho secondery slachol.
Nat this frection 4id chow that something was in the product
to cut dowm the per cent of bromine sl it seened lesical thset
1t wns the socondery cleohol that was sousht. From 50° - 110°
the liquild that care over orystolllized out in the condenser

in the Torm of white, flaky cryastsls.
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A deternination of the bromnine by the Carius moethod wes
uged to eatsbhlish tho produots. iure dbromal should ¢ontein
85440 por cant bromine by weisht. The seecondary slcohel,

1 tri~hrom 2 hydroxy butane, should oontasin 77,17 per osnt bro-
mine. The Firat fraeticn nontioned above, which the bolling
voint indicsataed to be bromel, reve 85,27 per eent bronire, The
gacond fraction shoved 82,71 per cent Lromine, whioh made it
seen logloal that it wul 8 mixtuwve of dbromel and the seconderxry
eloohole The grystals, sftor being dried, gove 85.14 per cent
bromine, This 41d not check at 8ll with the secondary eleohol,
nor &1id tho sppsarasnce and Lolling point of the orystals check
with bromsl. Baoceugs ¢f the gmall gquantity foried 1t was
probobdbly & by-product.

Ona of the eatonisching festures of all these experimonts
wan the aasll quentity of final product. The large amounts of
black terry rosiduoco leit ceeued to chow that snide reactions
wore extonsive, In this first experiment, 140 g« of broanl
gnve on 41stillation, only 45 g. of total product, of which at
leuat half was bromals In order to cut down the emount of wn-
changed bromal, the proportiona were sltered on the third rom
from equivalent quantities of bromal end Crirmerdts roncent to
an excosd ol tho latter, (Vrotouol 3)

“he gsecond attempt was the sorw os the first, except thet

the steam digtillation wag omitted snd tho finsnl ethey solution
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wag dried, the other distilled off, and then the residve was
distilled undar redased prepsures. 1Thae final fraction fronm

56° = 70° gontsined bromol es before. The next froation from
70° « 100° ghowed a constent boiling point nt 94° and gave
73.52 per oent bromine on suelysis. o erystals wsre produced.
Onoe angein 1t sosned that the secondlery sloohol)l was present but
wed conteminsted with brousl.

The third run, which used the excess Oripnard's, gave the
same finsl products ss the soconds. {(Protocol 3} Unchanged broe
mal came over &g befores In order to purify thoe product the
uppey frections from the socond a&nd third runs were combined,
washed with water to renove excess bronsl, and frectionated
under reduced pressure, {Protocol 4) From 91° = 94', 5 oc. of a
clear-yollow liquid come over which pavo on enmlysis 81,00 per
cant bromina. Above 947 orystals precipitated agein in the cone
densar. 4 careful determinstion of per cent halogen and melting
point shomed them to be identical with the first orystesls,

“Then the ligquid frastion wna cooled, more of the crystslline
gubstance wes precipltated snd the brominsg content of the ligquid
free from orystals wes 080,18 per cent. Thig andded more evidence
to the bellief thet the seacondesry slcokeol, II, wns presont, but
it still remsined to geparste it in pure forne

This proved to be very a4ifficult. !ore experiments with

onroful fractionation of the rune end of comdinations of f£raoce
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tions soemed to voduse the par cent of bromins somewrat, bdut
not down to where tre rroduet could be ths secondary sloohol
in pure fom, (I'rotocola 5 = 9) The mmall cmount of finsl
product that wos obtoined in ench expsriment ircressed the
4ifficultias of sernarntion. 1t geemed thnt elther the seaonds
ery aleohol was not present et ell or it wes nixed with a sub~
stanco whose bolling polnt wea slose to its omn. The latter
view seemoed the nmore prodbedble sirco guall amounts of the white
erystela rreviously mentioned were found rather oconsistently.
Thig whito eryotelline substanece, eprecring in ganll
quentitios from the upper froctiong of several experinments,
rreaented arocther problem, TNeings orrstelline and chowing =
condtant anslyelis end meltivns polnt 4t wes loviocl to mssome
thet it was & pure compound. Its content of bromine, 85,04,
was ¢loge to that of bronel, B5.40, 3wt it dolled under re~
duged prescure et lesct 33° above the bronal, exd showed enw
tirely 4iffeorent charactoristics, It 41d not chaok with bro-
mal hydrote, wheeos per cont bromine is 82,27, This latter
was olso elimineted becenea nocording to Schoffor, it wounld
haove decompoged under heat and clven off water snd bronel.
Tha only probeble comround thet 814 chaek with it wes trie
bromethyl eloohol, vhoze per cont bromi-w 18 84.81ls No montion
¢f this corpound wag fouwrrd do e choek by molilng point oould

not bs made,
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In order for tribromethonol to bhe formed, the Crirnsrd
roecent would have to zot &3 2 reducing agont, hig redueing
cotion has boon rerorted by Fese and Shoelnbolt (1i21), Fess and
Justrow {(1924), Iheinbolt snd Roleff (1924 snd 1525), nlieke
g1d Towers (1929), Comberg (1923}, and othorse Thae moat thorow™
work seems to have been dous by Iesg, Iheinbolt, end Holalf, ale
though 8l of thelr work was done on the roaction to produce
tertiery sloohkols, They found several evidences of reduotioen
and, on the dbzeia of thess, postulaled s new forunla Zor the
rrodust of the Crignerd resotlion. Acoordinz to them, reduction

takes yleos cao reprosented Dy those equationsg:

HEH HH
“ + Halw ,‘,n!:(';nui G e 4 i;qunﬂwﬂnx"‘ﬁ-& o+ O3
EH I1Y ¢4

Ra =0‘~.~??~m ety 1'{08“0"’5;}1)3
H
PoCe{012X) T & HOT ewmmed [HoC-CH <« 17701
In the streightforwerd rosotlon a conpound like IIT,
RJL-0--ngﬁi, would be formod instoald of the uoal ancunrgz.

To maze tribromathyl slcolivl, IV, tho reasctlon would be;

3r 2 Br TH
Br=C=030 4 r«-c~c-zmr —P Pr=CalSOmeeTr ol 4+ CEC
Br H k2 S r H =
3r
Nr=0eCE30nawlp! BN = nr-c-ca-{ 0IZBr)l == HOU —=—ep
Br 1 Br B
2r
Nr=C=Ca0ll = 1'z3r0H
Br H
Iv
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Combers proposes a netastnudle 1¢X which czuses o reanstion

of the type:
A
2 U=fel 4+ 2 135K wm) Hulelal o Relell wo—
8 00 8
g g
XA
k59 H
re-e»g-a - R=CeH
0 ¢
' e
X K4
)34 H
RuCeal o 7O wwwd el < T5N00
0 H
iz
H

Sither of these rethods would explain srtigfactorily
the formation of the eloochol, IV, 4s hes been siated, much
heat is produced by the resction of bromal und the Orignard
reeronts Yosg aend Theinholt state that hest elids the reduoe
tion sife recotion, thus naXking the fomnation ol IV very plaua=
ible., The very small quantity of ecrystsls which epposred also
indicated that they roprosented e side rovction.

Becnuse of the omall qnantity of crystals very litile
workk conld bo done on them eithor for purificotion or identlfle
cations Tinally £11 the erystals that had been obtained vere

hoeted with poetic anhydride to form o possidle ester. (Protoe-

col 13) After deconmposing tho moatie exnhydride with water
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ebout 1/4 ce, 0f hoovy liguid remained. This waz separated
end a hologan determination nusdes Thio showed 74,53 por gent
bromire. The zecatic cuter of IV ghould pive 73.00 per gont.
“hile this 1s not c¢loco enoush errsewnt to prove conslusively
the existence of the tribromn ethyl slechol, nevoertholess, cone
slderinn the douvdbiful purity of the vample annlyzoed, it meken
1ts exictencas gquite proebvadble,

Since 1t khcod not been poesible to purify tro sccondary
zleohol which choulld be the moin preduot, 4t wos decifed to
roaverse thoe order of nizias the rosotins eubotenoss end ndd
tho Crisnmerd roaront to ¢330 bronulse o do this the Criprexd
rearent wog decanted quickly into p dropring fumnel that wag
stoppered with & tube of onleiun chlorife &:d thias Zunmel was
fitted to a thrae-nacksed flagk containing thoe bromsle The row
sotion went Jjust a8 in thoe othex rothold exeept that 1t ceomed
to bo more vimorous. (Protocols 10 £nd 1) The #inal ethor
solution wog washoed ond dried, the other 4Alstilled zuny, snd
the nroduot distilled wnder roduced presgur2. o vromel ap-
pearsd, In the two oxpericents the lower fraoctiona from 75° -
85° a1d from 33° - 94° respectivaly, were saved ol saalysed.
Analyeia on one showed 74.70 per cent bromliuo and on the other
75441 pox cente hls obviouszsly 413 not chesk with cuy of the
provious exporimants, nor 41d it choolr with ths gecondery ale

cohol, Il.
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The uppor frections from the two experimonts wore come
bined and redlstilled mnder reduosd sressurs. (TProtocol 12)
The first freotion oste over from 83° - 9?”, and oonsisted of
sbout 6 coes 0of a cloar yellow ligquid, irs frection of sbout
3 ace Trom 97° « 105% wan olear y61low also but derlensd
olightly on exposure., Analysis on the lower Lraction gave
7464 vor oont bromine. This sgein 4did not chesk closely with
engy ol the previous experiments bul &id cheek with the lower
fraoctions from the sune yunse %he uprpey fraction chowed on
enalysls 75.89 per cent bBronine, This is & feir check jfor the
sacontery cleohol, I, vhich theowroticslly conteins 77,17 por
cont bromino,

To prove the exigtence of the ssoondary slochol, an ante
torpt wos meds to form 1to scetic oster. This wes done es
belore by hoaoting a vwmle with en oxcess of neetlc snhydrido
Lor throe houras. The excess snhydride wes then daecompoced by
eldding thoe niixture to weler, The resnmlting prrodnet weo sopaw
rated and 8 hslogoen dsterninstion mede, %This procssa was
carried out on a samnle of mgt@rial ohteined in tha experiment
degoribed in Frotacol) 9, agg7§gntmina& 7949% per cont hromline.
Annlynia showed 72,983 poy cent bromins. (Protscol 14) The
aootlio ester of the secondnry slachoel, I7T, should consist of
67,990 per cont dbromine. Thisg vogult sqosin maedse it 3can probable
that the secondary slsoohol was ryesent but 214 nct preve o0

dafinitely. I the samnle that wes ueeld verz a nixture of trie
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brom ethyl aleohol and the secondery rleohol, ngo wos quite
1ixaly, a rosult correspordins to the one chove=«73 por contee
would be expected.

An obtenpt wasu naxt male o0 Jorm the ester on tho best
samnla obtaoined, the ono ghowing 76.82 par cent bromine. This
was dona Jjust es veioiv by heatlny with geetlo anhyiride.
(Trotoaol 15} 4 Qoterninetion of the hclogan in the suproased
estor dicred 69,25 peor oent orominse This 18 only & sir choolk
to tho C7.2% par cont thst the euter theorsticslly eontaing,
tience finsl proof tret 1 tridbrom 2 hyirexy butene ig formed by
the reccotlon of bromal end the Grigﬁﬁrd reapent weg, digepw
nolatingly, not obtsined. However, these resulis do make tﬁa
axlatence of the compound most prodbable, snd further efforts
to obtaln more of the substence end to izolate it in pure form
wil) undonbtadlr succeed.

Sirce the elcohol, II, waz not definitely isolated, more
ragenrch 18 readed to ascogplioh this, and eploo to establich
its physlesl eonetrmits, In additlon mora worit must be done
on isclatin~ the obtraer products of the raastliomn not enly vhen
it 13 cerried out ordinarily dbut when it 1s revarsed.

In counoclusion, it ¢an be seid that the resstion of bro-
el and tho Crisnard rossent vas ctedied but rot comnletsly.
The normel produot from this zowotion, 1 tridrom 2 hydroxy

butensa, wis probedbly Lsolzted bat its propoerties veroe not
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establicghed. Stronz eovidence of tho fornation of p roduoe
tion product, tridbromethyl eloohol, was gocursd but the exis-
tonce of the compound wes not definitely proved. It waa found
that the reaction of bromsl with Crignard's reepgent proceeds
with much more diffionlty thman does the resotion of chloral.
The final totel yield wes small end eide rosctions, as evincad
both by the impuritles conteined in the final produet esnd by
tho larpe smounts of taryy residnes, woro extensive., lore

work is needed to complete the stuldy of thip zesction.
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Nxperimentsl

Boagants

A1l reagente, except the dromel, were dried oarefully,
The magnesium used was the ordinary megresium shavings, washed
with ether, oven-dried snd kept in a desgsicator. 7The ethyl
bromide was J, T. Baker's purified. It was dried ovar cale
clum ghloride. Absolute ether was prepared in the ususl way
by drying comrwyroisl purifisd sthor over oaleiumn chloride
and 4istilling with phoosphorus pentoxide, It was then kept
dry over metallic sodiume. 7The bromsl used wes what we heve
pravionsly eallied pure bromel. It wos ept In a tichtly
corked {leak after being redistilled.

Trotocols

le Tuasdoy., 12 p. mognesivnm was pleced in a 1000 oo,
threa~nocked 4iatilliing flask. 54 g. ethyl bromide arnd 100
60, sboolute ether were nixed and placed in the dropping
funnels 7Tro ethyl bromide and ether were dropped into tho
flask with cooling end gome otirring. The resctlion woent
vigorously until eprroxinately 3/4 of the athyl bronmide had
been edded. After it was g1l in, the nixture wes refluxed by
hesting with ococasionel stirring for 6 hours more end then
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lot stand over night.

Jodnesdey. +<he Crignard's rosgent was qulekly docanted
into another threeensoked flaesk and the unused normesium
weighing 2 ge wos disosrdeds This flosk wen fitted es belore
end 140 g. dbromal and 150 oe. ethor were mizxed end placed in
the droppins funnel. This nlxturo was dropped into the Oripe
nord's reepgent vory slowly ovar a period of 45 ninutes with
mach ¢ooling end stirring. 7The reaction wes very vipgorous.
After all the bromal hed been aldded, the mixture was refluxad
for 2 1/2 hours with occasionsl stirring and then allowed to
stand over night. “he mixture sepsrated into two ports, a
dexrkedrown layer on the hottom and a clear light-yellow leyer
onn top.

Thursday. 100 c¢o0. water was 24808 to the nmixtnre with
cooling and soms etirring. The reecction wes feirly vigorous
gt first and produced somo hent, A dark-rad praocipitate was
throrm dovne 40 004 0f a 30 por coent solution of sulfarioc
eo0ld was sdded to complote the hydrolysls. After thie hed beoen
added with sow stirring the nixture beoarm cloar with a heavy
squoous layer below end e dark-brown ether layer anbove. Thisg
ether layer waa soporated, washed twice with water, plmced in
A 4iatilling flask and the excess ether end ethyl bromlde 4ig-
tilled off, ibout 75 co. 0of & heavy, dark liquid wes left and
this wes asteam diatilled wuntil sbout one liter of mixture hsd
come OVeYrs A larpe tarry-residue waes left in the &istilling
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flask. "The pcqueons nixture was extractod with ether and this
ether solution was dried over celclium chloride,

Friday. The dry ethor solution was pleced in s Claiseen
diztilling fleak and the ether 2iastilled offe 4 dark limuld of
sbout 20 oce. was lafts. This weo 8lstilled unler reduced prage
sura with tho manometor resdinz 1 eme The 2istillote was fraoe-
tionatod. Tha first frastion taken was from 60° - 79% and cone
eiztod of about 7 ¢o. 0f 2 oleny yollow lignid. The second
Lfrection of phout 5 cc. was 8156 clear yollow ond boiled from
£0° « 89%, rrom 90° - 110° a small smount of liquid came over
dbut wag trappod by the formation of white erystels in the conw
dancer. These arystels were removed end dried on mmzlazed
porcalain, A £light tarry residue roenmeined in the distilling
finske.

The first freoction showed 85,23 per cent bromine on
analysis by the Carins method, and since pure bromel bolls et
64° under & reduced presours of 1 cm. this was telen to be bro-
manls The second froction showed by a Carins enalysias, 82,71
por ocont bromine, 7The orystals chowed 85414 pér caent brom;na.
and melted at 74° = 75°,

2. Tuesdey. 12 go of mazmesiun was pleced in the flask
and a mizture of $4 g. ethyl bromide end 10J cos sbsolute ethar
wa3 dropped In with cooling snd ptirring. The resetlion pro-
ceadsad o8 bofore., After the ethyl bromide had been added the

mizture was refluxmed with heet for 6 hours and then sllowed to
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stand over night,

vednesdaye The Crignard's resront was qulckly deesnted
2s bafors oud & mixture of 140 g, bromal ond 152 cc. of also-
lute ether wos sdded over a period of 45 ninutes with cooling
oend stirring. This mixture was wated for 5 hours more and
allowed to stand.

Thuresday. 130 cos of water was added to the ether solu=-
tion with cooling end stirring snd then ths hydrolysis wss
comploeted with 40 oc, 0f &8 %0 por cent swlfuria sold. The
ether layer was ssperated, washed with water, then with a
weak solution of sodiunm ocarbonate, next with weekx sodium di-
sulfite solution-~asn attompt to remove the bromalewgnd finelly
with water cosine After thig, the ether solintion was put in
g £lask with enhydrous ¢slsiuwn chloride and allowed to stand,

Friday. Ths ether colution was filtereld into & Clslasen
distilling flask end thw ather distilled off. Thon the darik
liguid of sbout 20 0ge that romained wes distilled under ro-
duged presgure with tho nmuncwltor et 9 cue The first few
dropag from 45% = 55° wero discarded. rrom 552 = 70° about
£ occ. camo ovar, mogt ol 1t ot 64°% - 65% This frootion was
8 oloar yellow 1igquide The next freation wus from 70° - 100°
end consisted of shbout 4 eo., of a light yellow ligquid. Mo
crystala eppeareds The thermomster olimbed rapidly fronm 75°

to 93° and then hola fairly conctent at 94°, A hoevy terry
rasidue was loft in the Alstillins flask,
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Ainalysis showed the first frectlion to be bromal &3 its
boiliny point would indicets. (he other fraction from 70° -
100° showed 79.52 per cent bromine,

3« Tha oonmplete run wes Just £s8 in protocol 2 except that
the emounts of ethyl bromide end magnesium were ineressed proe-
portionately to 67 1/2 g« and 15 g. respectively, vhile the
cmount of bromel was out to 105 g This wes 8one to decreane
the unused bromel. The finsl ether solutlion was washed only
with water,.

On distillation, 5 oo. oema over from 655° « 70°, menometer
2t 8 ame Thip wes discarded za bheing unchanzed bromal, Fronm
70°% = 90°%, 2 co. cane over. From 90° - 103%, 4 co. oorw over
28 a olear yellow ligquld which soon darkensd., A tarry reaidue
wag left in tho diastilling flask,.

4. The uppor fraootions from runs 2 and J wors combined,
waghed with water to telm out eny dbromasl, extrscted with oether
and &ried over oslolun chlorideo. <The ether waa distilled off
end the remaining liquid distilled under reducoed prassure.

The thermometer climbed qulckly to 90% rrom 91° - 94° about
B oces 0f oloar yellow liquid waa obtained, Thon orystalllizae~
tion started in the condenser and white eryatels, identionl
with thoge in run 1, eppreosred, These wers wsshed out with

ether, the ethar was evaporated sway smd then the crystels were

dried en unglazed porcelsine. On cooling to Oo, arystels ap=-
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pesred in the ligquid fraction dut on standing at roon temper-
ature those cryatsls wont back into solution.

A Cariug determinetion on ths ligquid conteining the dige
so0lved orystols chowed 1% to contein 81.00 per cent bromine,
The oryctals themoelves contained 85,06 per cent bromine, They
melted et 76° vhich showed tham to be identiosl with the cryse
tels previcusly ovtained.

The liguid freotion wes cooled to 0° e, end the white
crystels precipitated soeine The 1lignid was docanited and s
“arius deternmination on this liquid gave 80,18 per cent bro-
nino,

s This run wog ldentieal with 3 in sll respects exocept
that on finesl distillieption there was very little bromal in
ovidenoa. o erystals were produced.

Ge This run wns identiconl with 5 in evary way.

7. The fractions from 85% » 105° from runa 6 end 6 which
woere dariensd by decomposition products were redistillied under
reducaed prossurs. he roculting produst came over fron 84° -
100% and seemed to consist of two layoers, both cloor yellow,.

« The lower fraotions from runsg 3, 6, a°d & wers con=-
bined and d1stilled snd the fractlon from 84° = 94%2 saved,
This oonsisted of about 4 cce. 0F @ cloar yellow producte (m
snelysis 1t chowed 80,54 per cant bromine.

Y9« The product from ranag 7 end 8 gnd thae liquid decanted
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from the arystels in run 4 were combined ond redistilled under
reducaed pressurs. TYom 75% « 90° B ea. 0f 2 clear yellow 1liquid
canag over vhich preocinpitated white crystsls in the receiver and
in the oordenser. The excess liquid wes decanted from these
cryatals end the orystals dried on mnmlezod porcelsin,

An enalyzip of the {irst liguild frootion showed 79,84 por
cent bromine,

10, A golution of Crignerdts respent wes mede in exnotly
tho vame wey ae¢ in run &, 7Thia wes quiockly deocanted into a
dropping funnal which waa corked with s stoprer to which was
pttaored e calclum chlorxride tube contsining enhyldrous caleium
chlorids, This fripnerd's reagent wes then droppod slowly,
v7ith cooling end stirring, into 2 smolution of 105 £+ bromal in
150 cec. of ghsolute ether, This latter solution was gontained
in o three-nockod flse:r fitled with a roflux condenser an
stirrer as befora. "he rasction wos vigorous and snproximately
40 minntes wen taken to £d4d the Criznerd's reeront. After this
the mizture waes honted 3 hours more nnd then sllowed to ntand.
100 ec. of water tmd 42 ca. of 37 per cent sulfurio seld wvers
eddaed ¢nd the ether selution wong gererated, weshed end dried
Juct 28 in provicus experimonts.

o dilatillstion under roduced pressura, frrotions from
75° = 85% end fyom 65° - 130° consglisting of 4 end § co. rEoOC~

tivoly ware saved. The lower freotion conteined o olight gquene
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tity of water probably from & small emount of hydrated csleiunm
chloride which was in theo distilling flask. To remove this
water the 1liquid wes extrznoted with ether end then the ether
aveporatad off by hastinm.

Inalysie of tre first frection showed 74.70 per cent broe
mines Tvidentily the heat epplied prodveed soms decomposition,

1ls Thig run wos condustod exectly the some ss 10, Rug
on adding tho Grirmerd’s to the bromal the resotion was much
more vigorous. (Over sn hour wes teken to gcomnplote the sddiw
tion., The subsequent hydrolysis sloo pecmwd to be nore vigor—
ous. The ether solutlon was trosted as beforo, excopt that in
the filnel waching sodiwan chlorido wns edded to tha walter to
make a mora effsestive veperantion.

On redistillation under raduced pressurs, no bromel ap=
psareds 3 004 cono ovoer fron 823% = 94% ana once azoin 1t wes
contaninated with waters § de. of & dark solubion cesmo over
from 94° « 105“. Yo oryeotels ware in evidoenoe,

The fraation from B8% - 04% was drisd with csleiun chloride
29 well a8 1t counld be, DBecanuse of the snall emount it waz not
fansiblae to extreot 1t with ether end then dxy it, Analysis
gchowaod 75441 per cont bronino,.

2¢ The uwpper fractions from runs 10 end 1l were combined,

oextracted with ether and dried. he ether wes dintilled off

and the remoining ligwld was distilled nnder veducad pressure,.
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Trom 88% = 97% 6 cc. of & clesar yellow liquid cune overs 3 Cos
of B olesr yellow 1iquid come over fron 9?0 - 105° but thie
leter Carkensd slighily. o crystels wore produnced. A &light
terry renidue remained in the Aistilliing flack.

An gnslysls of the lower Irootion showed 74.C5 par cent
bromine. The upper fractlion pove Y5489 por ceni.

15 211 of the orystzls thot had been secured smounting
to sbout 1/2 . were placed in 10 cs. of ncatlu enhydride end
kept st & temparature of 125°% = 135% for 3 houre. Then the
nizture wes poured into 70 oc. 0f water end ths pcotio anhy=
dride thus decomposed. ibout 1/2 ces 0f 8 hoavy yellow liquid
sattled out. This was washed well by deocntotion end then sop=-
erated. DBoosuse of the oasll epnount it wae not dricd but the
soperation wes done garelully with e olean, dry separvatory
Tunnel,

Analyels showed 74453 per cont bromdw In the comple.

l4e 2 oae of blw lover Iractlon from rwi 9 was trosted
Just e3 in run 13, After decomposing ths soatls anljdride
gbout 2 ace of ® byown hoovy 1iguid wno lefi. thias was sopo-
roated as bofore.

Analysis showed 72,93 por gout brouins in the scmple,

16« The upper froostion Lfrom rwn 12 weu trosted with ecetio
enhydride Just as in protoool 13. 2 cae. 0Ff & hwovy, browm

1iguld renalned after deocommosing the soetic smhylride. This
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was soparaied snd s Carius dsternination mode,.
Analysie showed (9475 por eent hromine. Theoretionl for

the amcotic ester 0 1 tribrom 2 hydroxy butane is 67,99 per cent.
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