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HISTORICALL

In 1697, Jociozl reported that ohloroform would add to
bensaldehyde in the presence of an alkali, forming the ocore
responding trichloromethyl earbinol, Nowever, he guve no
expetimental detaila. Yoder” has also reported the prep~
aration of this ¢arbdinol, and the carbdamic aoid ester of it,
but he gave no experirental data on the preparatiocn of the
sarbinol., ioward®, in 1925, undertook to £ind the beet ex~
perinental conditions under whieh this sondensation would
take place. Te found thet by uwsing one-third the gram
nolecular weight of the aldehyde, one~half the gram molecu~
lar welight of dry shloroform and adding four grams of pows
dered potassium hyiroxide slowly ever a one~half hour period
with sonatant meohanieal stirring, he odbtained the dest re-
sulte.

siegfried®, in 1869, investigated and reporsed on the
oondensation of benzaldehyde and bromoform in the presence
of alkali, stating only that he had used the method of
Joeics, %o form tribromomethyl-phenyloarbinol., lowardd
repoated his own experiment, using bromoform in place of
chloroform and thus again prepared the bromoform addition
earbinol. He alzo prepared the acetio, proplonie, butyrie,
and benzoie esters of this cardinel,

floward and Castlea® have reported the preparation of
trichloromethyleo«ghlorophenylearbinol and tribromomethyle
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o~chlorophenyl carbinol as well as the acetic, propionie, bu=-
tyric and benzoio¢ estera of each, These carbinola were pre-
pared by the addition of chloroform and btromoform to O=-
shlorobenzaldehyde in the presence of potassium hydroxide,

Howard® reported the preparastion O0f trichloromethyle
and tribromomethyl-pechlorcbhenylearbinol by the addition of
chloroform and bromoform t0 p-chlorobenzaldenhyde in the
presence ol potassium hydroxide. 4ilso, the acetic, prop-
ionie, butyriec and benzolec esters of the trichloromethylepe
chlorophenylearbinol were vrepared and their properties
studjed, Several attempts to prepare the esters of the
bromofeorm addition eompound; by similar and different mﬁans;
wvere made; but e2ll ended in failure as the carbinol in each
ocze c¢awe through unchanged,

The problem which was investigated in preparation for
this pspsr was concerned with the addition of ohloroform and
tromoform to ecme more cf the substituted benzaldebydes, and

_ the prepsrstion of the seetie, propionie, dbutyrio and denze
cis esters of the resuliing eerbinols, The specific onea

investigated werej p-tolualdehyde, mebromotvenzeldehyde, and

m-nitrobenzaldehyde.

THEORETICAL
Carbihol Freparation
The trichloromethyl-p~tolylecarbincl was prepared by the

interaction of chloroform .and p-tolualdehyde in the presence
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of powdersd potassium hydroxide, according to the reaction,

L0 o1 | ox
C-¢~H + BH-G-C1 > C—{-C:Clg
RN €1 / \E
H.-C ?-K BR-C ?-H
] } | |
H-C C-B B-C C-8
N s V4
¢ \\0
! |
CHa Cﬁa

The entire resotion was oarried out in a three necked
flask, In the center neck was fitted a meroury sealed meche
anical stirrexr, Through the other nesks were introduced
the reagents used, First, éne~third. the gram mcleoular
weight of the aldehyde, then one«half the gram mclegular
weizht of 4dry ohloroform, The stirrer was started and dry
powdered potassium hydroxide was added in small amcunts over
a one~half hour period, From time to $ime, as the hydroxide
was added, heat wus goneruted in the flask, showing evidence
of reastion, The rate at whioh the hydroxide is added
gontrols the rate of the reaction, After the hydroxide
was added, the stirring was comtinued for about one hour
longer, The resoting mixture was allowed to atand for at
least three hours bLsfore ether wus added and the mixture
filtered, The etksr and some of the chloroform was then dise
tilled off and the residual mixture was steam distilled to
remove any remaining chloroform and the unchanged aldehyde.
The part which was nonevolatile with steam was extracted

from the oondensed steam with ether, and the extraet treuted
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in & separetory funnel with a thres percent sodium hydroxide
solutien to remove any free aoid wiich might have been foomed

by the oxidation of the aldanéﬁo, by converting i% to the

sodium ealt,
0 o
cqc-a + Op — ¢- -0
Y ~ Z \
ﬁ'G/ e-H H~C/ CH
2 \ h 2 1 i
BE-C ¢ H i1-C ¢H
\ N
¢ C
| ]
333 C'Ha

The ether extract was again washed with water and then
dried over anhydrous soldium sulfate, After drying, the
ethor was distilled off in a Claison 4istilling flask and
the remaining materisl fractionated under &iminished pressure,

The analysis for the shlorine content was made by the
Farr peroxide bomb mathod in the higher boiling of the twe
fraotlons ecollected, ..fter each fractionation, there was a
somparatively small amount of tarry residue loft in the disze
tilling flagk, and this wes discarded, The steam distillate
was ssved for later recovery of the unchanged aldehyde,

The percentaze of eohlorine in trichloromethylepetolyle
carbincl, ealoulated from CgHglCls 48 44,42 C1,

In the preperction of the tribromomethiylep-tolyloarbine

©0l, exactly the same prooedure wzs followed with the excepe
tion that bromoform was sgudbstituted for onloroform, In the
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fraetionation of the esrbinol under diminished pressure, the
distilling flask must be heazted very rspidly, as extended
heating at low temperstures appears to decompose the sarbinol,
even under diminished pressure,

The pesroentage of bromine in tribromomethylep-tolyle
carbinol oaloulated from CgHglBrn im 64.31% Br,

The same general procedures were folloswed in the prepe
aration of \richlorometbyle and trivromometihylem=bromophenyles
carbluol, using mebrowobenzaldehyde In place of pe-tolus
sléehyde,

The percentage of halogen in trichlorometnylen=bromnde
rhenylecarbinel, expressed as chlorine equivalent and caloue
lated from CgHaOLrils is 50,224 C1l equivalent,

In the attempted preparation of trichloromethylenenitro-
phenylearbinel, the assme procedure was tried cguin with the
exoepticon that three«~fourths of the gram molecular weight of
chloroform was used instead of one-half as the menitrobenze
aldehyés would not dissolve in the smaller amount, As the
m-nitrobenzaldehyds is not very volatile with steam, the
pateorial was $reated with a saturated sodium disulfite solu~
tion to remove the aldshyde, This was donae juet defore the
sther extract was dried, oxaeptional sare had to be taken in
the mcdition of the slkeli in the mixing flaek, us there
seenad t0 be a teadency for the mixture ¥o Gverhesat end ghar,

The percentage of cilorine in triciulovromsthiylemenitro-
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phenylearbinul oaloulated from CgHgOzNCly 1s 39,335 Cl.

t.ater Freparation
In the preparatica of the acetie end proplonie esters,
the method used was the one im which the ocarbinnl was
allowsd teo reast with the aeld anhydride, The reaction for
the preparation of the sncetio ester of trichloromeshyleps
tolyleardbinol 18 shown in the following squation,

CCls o0
¢- §-ou + ¥3C-C-0-C cHy —>
Z \H
i5.€ C-H
I il
H-C C-H
N\
N
\
CHy
,0 c13 O,
JaC-C- 08 M C~C=~0-0-CHy
7/ \H
H-C ?-H
! ]
H-g N o-H
N\
?/
Clim

Five greama of the carbinol and five grums of the ane
hydride were put in s fifty ml., rflask connected %o a reflux
air condenser and rafluxed for two hours 4in an o1l hath at
a temperzture so controlled thet the rescting mixture
oondanaed about one~ttird to ona=half the way u» in the air

condenser, 4 ealecium chloride tube was put at the tpp of
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the condenser to xeep out the atmospherie moisture, 4t the
snd of the reaotion time, the mixture was poured into a
beakey of water snd allowed to stund for some time %0
hydrolize the excess anhydride,

,0 0 L0
f8C-0T 0-C-Cifa + HOH —> B HaC-&- OH

after the hydrolysis wuz completed, tho mixture wus
made slightly alkaline with &ilute sodiuwm hydroxide solution
to convert the free acid formed in the hydrolysis %o the
sodium salt and thus keeop 1t from dissolving in the ether
used in the next operstion, The ester mase then extracted
with ether, washed with water, and d4ried over anhydrous
sodium sulfete,

The ethar was evaporatad off and the ester remaining
after the evaporation was reerystallized and the halogen
gontent determined by the Parr metlhod,

The oalculated valuss for the propionie and scetic
ssters of trichloromethyle and tribromomethylepetolyle
oerbinol are as follows:

triohloromethyle-petolyloarbinol
wootic ester caloulsted from (33l;,0,0lg 18 37.795 CL

iroplonie ester eadculsted from ”1351398$13 ie 36,01 C}
Iridromomethyl=petolyloarbinel

eotic eatar erlculated from C11H1102Lrs 48 §7,81% By
i'ropionte ester calgulated from C1pH)gozurs 1s 55,910 BE
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In the preparction of the butyrie ester, dbutyryl
chloride wan allowed to react with the ocarbinel according

to the reaction,

cl1 o, EHN
G—E-gﬁ -+ CL- C-0-3-C-H —>
ﬁ-s// \c-x o
H-C'J ’-s
ch// ,

The gatup veed erd the procedure followed wore the
same ae thet in the preperaticn of the szooutic and prepionis
estoarsg, ‘The bDutyrie estor ¢f ths ehleroform sdfition was
s 1liculd, s2 could not o further purified dy reerystal.
lizution,

The theorstical wslusa scleulatad for the helogen
gontant of the butyrioc eszters are na follors:

Trizghloromethyl«p«20lyisarbiaonl

Butyric osa%sr ouloulated from  C317H1IB0A0lS 4n 24,.%60 DL
Tridroxmomethylepstolyloarbinal

Butyrie ester caleuwlated from Ciglysiebrz i1s 54.14° By
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In the preparation of the bdenzole esters, the usual
progedure of the sochotten-Baumen method was used, 7The

squation for this mothod is,

ccl 0. |
/c-\¢~3a + c1-c-c\ + KOR —_—
H S
H-C C-H Lﬁqﬁ// LC=R
| ] \ il
H-C C-H H-C c-B
N\ S N
c C
' !
CHs H
CCly O
/Q{§~ O-G;O + KC} + HOH
7
H-C (l:‘li I!.C’-/ \Ci",-}i
| | !
H-C CH BC C-H
N 7 N S
C C
i 4 !
CHy ‘ H

The benzoyl chloride, the sodiun hydroxide and the
carbinol werae all put in a 280 ml, erlenmeyer flesk and
shaken for at least one~half hour., hen the rezsgtion was
completed, the ester was extraoted with ether, washed, dried
ovey anhydrous sodium sulfate, end the ether svaporated off,
The #0114 ester which was left was z&crystallizod from hot
95% sthanol,

The theoretioul values for the halogen content are as
follows:

Trichloromethylep~tolyloarbinol
benzoic ester oaloulated from CyeHysOpCly 1s 30,8735 CL
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Trivromonsthylep-tolylosrbinol
Tenzoie ester ealculated from C1gllsOpPrs 1s 50.285 Br

Parr Peroxide Bomb

This method is one for determining the halogen content
of organie compounds, Its suocess Qepends upon the fusion
and decomposition of the material with sodium peroxide in a
slosed domb and the precipitation of the halogen with silver
nitrate, Approximately 00,2000 grams of the substance $o0 be
analyred, 1.5 grames of potassium nitrate for an ac¢celerator,
0.4 grams of lactose for fuel, and fifteen groms of sodium
peroxide are put in a Ferr bomb and very thoroughly shaken,
«hen thoroughly mixed, the filse top 1s removed and the top
with the fuse wire i3 c¢lamped into place., The entire bdomb
is immersed in water and an eleotric ocurrent is sent through
the wire %o ignite the charge, After the fusion, the {used
mass is rinsed into a besker, acidified with nitris acid, end
filtered, in excsss of silver nitrate 1s adled to the file
trate, and the usual method for the gravimetric anslysis for
halogen determinations ig followed,

In some caseoe, egpecially if the halocgen conto;t was
vory high, better fusions resulted if 0.2 grams of bengeie
aocld was used in addition to the lactose for fuel,

Comdbustions
In the determination of the dbromine eontent of trie
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bromomethylepwtolyloarbinol by the Parr method, much diffie
oulty was encountered in odtaining a good fusion, and bee
cause of this faot, the values found for the percentags of
broméne 414 not cheok wsith eaoh other, jor this reasom, it
was thought thet perhaps & hydrate had been formed, so the
carbon and hydrogen eontent was determined,

The method used for thoe determinatiomn of the oarben and
hydrogen coantent of tribromomethylepetolylearbinol was a
cocmbustion method, in which the earbon is converted into
carbon dioxide and the hydrogen into water by forcing the
material over hot copper oxide im a stream cf oxygen, and
absorbing the water formed in ooncentrated sulfurie acld end
the carbon dioxide in s water solution of potassium hydroxe
ide, 4is there was & halogen present in the ocardbincl, fused
lead cohromate was used in addition to the e¢opper oxide in
the combustion tudbe, 7The lead ochromate was used to remove
the bLromine, because copper bromide is deooinposed at & COMe
paratiively low temperature, & roll of silver foil was clso
placed at the exit end of the tube to remove any bromine
which might have been driven past the lesd salt,

The apparztus used in the oombusiion wes as followsj
an eleotrie furnece xith three elements, a combustion tube
of hard, difficultly fusable glnss filled for sbout one-half
its length with copper coxide and sbout one~fourth 1ts length
with fused lead ohromate, a tsnk of oxygen, a tube filled
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with soda lime, a sulfuric aoid budbbler, o Ustube filled
with glass Veads and ooncentrated sulfurie acid to absord
the wmater formed in the combustion, and a Celssler buld
filled with potassium hydrexide solution $o0 absorb the
carbon dioxide,

The apparatus is arranged so that the oxygen ia passed
through the socda lime tube and the sulfurie acid bLubller Lo
Tore golpg through the combustion tube, IThe purpose of
these abgzorhers is to remove carbon dioxiée and wator from
the oxygen before snisring the furnmes, 7The Lot guses whieh
gome ous of the tube are driven first through the U=tube and
then through the potash bulbe

in peking the amotusl determinationa, the following
xwothod was used, Ths Gelssler bulb was filled with & fresh
25% potassium hydroxide solution, the apparatus put toe
gother, and the e¢onnections all made tight. <‘he last two
elements of the furnaces turned on, and the heating ecntinued
until the copper oxice in the tube =hosed c dull red cvlor.
The oxygen was then started, und the raie of fliow s0 controle
led that there were sbout two or three bubules per seccnd
through the bulbbler. .fter the oxygen had passed through
the tude for about cne«~hulf hour, the Ceissler bulb and the
Ustube were removed and, without interrupting the streuwm of
oxygen through the furnsice, weighed while s%ill full of

oxygen. The welghed tubes were then repleced und the flow
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of oxygen stopped while & poroelelnm boat containing about
0.2000 grams of the sample was placed in the front end of
the ocombustion tube as far fyom the opening ae the material
in the sube would permit. The oxygen was again started and
the £irst element of the furnage turned on and placed as
neay the opening as 1% wass possidble to get, Then this elenm~
ent was ho$, it was gradually moved down toward the others,
thus distilling off the material in the bort, 7The sombuse
tion was pontinued for about four hours, or until the rate
of the gas dudbbling through the U-~tudbe wass the sane as that
going through the budbbler, igain the Gelassler bulb and the
U=tube were weighed while atill full of oxygen, and from the
welghtas of the gases abtsorbed, the percentage of garbon and
hydrogzen oan de caloulated, The theoretical values for this
sarbincl, caloulated from CgligObry are 28,974 © and 2.43% H.

Cerius Lethod

A the rFary sothdd vas not satisfaotory for the dete
erninstion of the bromine content of tribrosonetiylepetolyle
ecrbinol, the Carius nustkod wac used,

the Ceriue method comsfisles of herting the ocurbinel in a
secled tubs with concentrated nitrie acid and silver nitrate,
and welghing the 2ilver bromifie formed, The determiuation is
oarried out in thiok walled sodae~gluse tubew, One end of the
tube 12 seclod off Tith e dlunt senl, and the tule clezned a
and adried, ibhen dry, approximately one and one~half grams of
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silver nitrate orystusls sre introduced, and then about onew
and one~half ml, of ooneentrated nitric acid are added by
means of a long pipette, 4sdbout 0,2000 grams of the carbinol
are then weighed into a two inch sodium decomposition tube
and this introduced into the Carius tube without miximg the
contents, The large tube is then soaldd ntf with & thick
seal, wrapped in paper and plased in a Carius furnace and
heated for five hours st a temperature of 250-3009C,

At the end of this time, the pressure 1is released from
the tube by heating one end with a needle point flame while
the tube 1s still in the furnsce, . fter this operation, the
tube oan be handled with safty, and is removed from the furne
age, the end out off, and the materisl washed into a beaker
and all the large lumps broken up %o dissolve ithe unghanged
silver nitrate, 4hen this 4is done, the silver hualide is
filtered througzh a welghed fooch filter, washed very thore
oughly, éried and again weighed, From the weight of the
halide formed and the welght of the sampls, the pereentage of

halogen is ealoulated,

Solubilitics
In the detorzination of the solubilities of the various
produots, 0.1 grema of a solid solute, or 0,2xl, of & liguid
were used with 3 ml, of the solvent, according to the usual
method of Cualitative Crganis analyseas.
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Yields

The yield in the cuse of the trishloromethyle and the
tribromomethylepetolylearbinol were quite low, There was &
considorable emount of unchanged asldehyde, and there are
severanl side resections possidle whieh might tend to out
down the yleld,

Potassium hydroxide will resct with a benzeldehyde to
form an aleohol and the potassium salt of an acld, This
reaction for petolualdeohyde may be reprosented by the
following eguation,

Lo
/cicw H + Ko —
H-C c-H
2 ! [
o b
\Y
\\6
u
Chig
-9 H
c-C-0OH -+ C- ¢-0H
Z \\ / \H
g-C Cc-B H-C C-’
' i ! y
H-© C-H #-C C-H
N\ 7 N
C c
| )

PFotassium hydroxide will also react with c¢clloroform %o
yield potassium formate, potassium chloride, and water,

This reaction may be shown as taking place in the following

stepe.
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a OH
C-¢6-CL + 5 ¥OH —> BECL -« .ﬁ-géox

(44 ]
. L0
H- —> HOH + H5-0—01
OH o

H‘GEOH -~ EOH —> HOH -+ H-C-0K \

EXFERIxEﬁT$§ PART
Haterials

The petolualiehyle, the mebromobenzaldehyde cnd the m-
nitrobenzaldehyde sre cbtainadle from the RZaaiman Kodak
Company. The ohloreform and bromoform were of high chemioul
purity and the chloroform was dried ovey nnhyﬁrousvcaleiuﬁ
shloride for severzl days before use, The potaasium hydroze
ide un-\c. P, grade and the ether used wes P6% sulfuric. Iﬁ
the Parf and‘carzns enclyees, 2)) chenionls used wexalat $he
highest purity.

Trichloromotuyiwpetolyloarbinol iI'reparstion

EFirss rﬁns 40 gramas of petolualdehyde and ﬁa_gramn of
dry. .shloroform were introduced into a Lthree neoked flask
oonneeted to a mechanival stirrer, The stlrrer was started
and four grams of powdered potassium hydroxide were added, a
1ittle at & time &;or a one~half hour periocd, 41t the end of
this tiwe, & pink Jolly bad formed im the flazsk and the
stirrer was anrroot&vc in mixing 1%, sc it was stopped,

The jelly waa allowed to atand for three hours befors it was
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ether extracted and filtered. The ether and some of the
ehloroform was distilled off, and the remalining material
steam dlstilled to remove any remalning ohloroform snd the
unehanged aldenyde, Thie left an orange sclution whioch was
extranted with ether, washed with water, and dried over
sodium sulfate, «hen 4ry, the ether was distilled off in
a Claison distilling flask and the residue distilled under
diminished pressure, There were two frzetions separsted,
Fraotion I 155«1509¢ 17 mm
Fraotion II 150-1679C 1% mm

A small amount of tayry residue left in the distilling
flask was discarded,

The second fraetion oontained a elear, yellow, oily
liquid. A Parr snalysie on this fraetion showed 46,08% Cl,.
The e¢alculated value for the desired earbinol 18 44,425 €1,
indicating that some of the desired esrbimol had been formed,
but thet scme purification was necsssary. 7The yiald on this
Tun was very amall,

Segond rumt This run w¥us rude in exz¢tly the same wny
2% the f£irset, except ¢that there wén ketter sgitation in the
flask and the stirring vas ecntinuved for cnee~half hour ofter
the patsusium tytroxide Led Yteen 22893, There war no pink
Jelly formed &pd the Yesoting rixture 412 rot hest es =muoh

36 in the first rune ke fractional distillation follows,
Fraction 1 Blel459C 5 m

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



Fragotion II 145-149°C 5 mm
As the yleld on the second run was muoh greater than
that on the first, the two were oombined and redistilled,
Fraotion I B80+1459C 4} mm
Fraction II 148+149°C 43 am
There were approximately 21 grams from the oombined
firest two runs, The Pary analysis on the second fraction of
this redistilled product showed 43,93% Cl.
after standing for about 48 hours, crystecle started to
form in the second fraction of the dilegtillate, These were
pressed cut on filter papers, removing soke yellow coily
1lquid, &nd leuving ui.ite erystuls. 7TLese Qrystuls were
aualyzed by tde iarr method, and found Lo contain 44.215% Cl.
Thia ciheoks with tho theoretical valus of 444,420 Cle
third run wus mude as & chaock on the yleld und to outuin
wore of the carwiasol foxr the praparution of the eauters,
Third run: The provcedure fullowed i8 thie run was the
pae as that used in the cségond run, The potsassium Lyiroxide
was added over a {orty~five minute periocd and the atirring
wus continued for one-half hour longer, The fractionation
oR this run was,
Fragtion I B4«149%C B} mm
Traotion II 140-1579C 8 mm
The yleld in the second fraetion wes about twenty
grems, which is ebout 25% of the theoretiocal vslue,
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The physical properties of the carbinol thus prepared
are; a white erystalline solid, M, p. 57-599C, B, p. 149~
157°C at 8 mm prousuro; insoluble in wator; soluble in
ehtanol, methannl, benzene, acetone, ether, ohloroform,

oarbon' tetrachloride, and cardbon disulfide,

Ester preparation

In the preparation of the acetie ester, five grams of
the carbinol were mixed with five gréms of acetic anhydeide
in & f£ifty ml, flecsk immersed in en oil bath and refluxed at
& tompserature of 130-1909C for two hours snd a half., 4t the
end of this time, the mixture was pourod into a besker of
water, 4 pracipltate formad which 414 not dissolve, The
mixture waag stirred for scme tirie to hydrolize the excesss
anhydrida; and then e three percent sodium hydroxide sclution
was 8dded until the mixture wis vlkaline. The mixture was
then extraoted with ether and the axtract dried over sodium
sulfate, The elLher waa evaporsted off and the crystals which
Tormed were recrystallized from hot 9547 ethanol. Ths Parr
analysis on the racrystallized =2cetic ester of this carbinol
showed 27.45% Cl, which is in agreement with the calculated
valus of 37.79% Cl,

The physical properties of this ester arej; a pele
yellow crystelline solid, K. p. ’105-106°c', insolubls in
water, 2lightly soluble in ethancl zrnd methanol, end soluble

in benzene, adelone, ether, chloroform, earbon tetrachloride,
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and carbdon dlsulfide,

The method used in the rreperation of the propionio
eater w»as the same as that used for the acetic ester, Filve
grama of the oarbinol snd five grems of the proplonie ane
hydride wmere used and fefluxed at 180-1009C for two and onew
half hours, 7The propionic estsy was recrystallized froa hot
60% ethanol, The Ferr analysis on the purified product
showed 33,785 Cl, which is in agreement with the galculated
value of 36,01% Cl,

The physical properties of this ester urejs white
orystalline solid, e Pe 59-809C, insocluble in water, sligntly
soluble in ethanocl and methanol, and soluble in benzens,
agetone, ethsr, chloroform, and ocarbon tetruchloride and
sarbon disulfide,

In the preparation of the butyrie ester, five grams of
the e¢arbinol and five grams of butyryl chloride were refluxed
at 1l0-1209C for tvo and one-half hours in the seme way &8s
in the ac¢etie :nd provionie ester preparations, .hen the
reacting mixture was hydrolized, a heavy cil separated out
lastend of a precipitate forming, This was extractod with
sther, drled and the ether evaporated off, The Parr analysis
on.the residual liguid showed 34,135 Cl, whioh checks with
the caloulated value of 34,367 Cl, The physioal ;roperties
of thla ester ure us followsj; a clear, pale yollow oily

liquid, Be Pe 172.1735°9C at L1 mm, 658 1s 1.082, inscluble
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in water, soluble in ethanol, methanol, benzene, acetone,
ether, shloroforam, oarbon tetrachloride, and carbdbon disulfide,
The benzoi¢ ester wus prepared by the usuzl method of
the Iochotten~Baumen procsdure, iIwelve grams of Leniopld
ohleride, five grums of the oarbimel, snd 100 mi, of 3K,
podium hydroxide solution were placec in & 50 ml, erlen-
moyer flesk snd sheken vigorously for more than bneshalf an
houre .hen the reaction was complete, an ether extract waas
wade, dried over scdium sulfate, and the etier evaporated
off, and the ester reorystallized from hot 98: ethanol, Thﬁ
Yarr analysis on thie producet showed 30,71l Cl, which checke
with the ealoulatsd value of 30,785 Cl,
ihs physioal properties of 4this ester arej a white
erystalline s0lid, ¥4 Ps 94-959C, insoluble in water, slightly
soluble in ethanol and methsnol, and zoluble in benzene,
seetone, ether, chloroform, earbon tetrachloride, and carbon
disulfice,

Trivronomethyl«petolylcarbinol

First run: 40 grams of petolualdehyde and 130 grazs of
brozoform sere mixed in a three neoked flussk. Lhe mechunw
toal stirrer was started and four gri.ms ¢f powcered potussium
hydroxide wus added over a one-~half hour period, [he stir-
ring was continued for one hour after the alkslil hsd been
added, The materisl in the flask wus extraocted with ether
anc the extruct flltered, The ether wus then distilled off
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8nd the residual liculd steam 4istilled, The steam distillate
was saved and put with that from the oulorcform aédition,
The material left in the distilling flask was extraoted with
other, treated with a saturated sodium bisulfite scolution,
weshed with water, dried, and the ether distilled off in a
Claison 4istilliing flosk, The remaining liquid was fracoe
sionated under diminished pressure, asgain, as in the oase
of the chloroform addition, two fraotions wore paved,
Fraotion I 0=1959C 20 mm
Frastion Il 19541980C 20 mm
xfter the temperature reached L$BOL, there vwas ovie
donve of Geecmposition, and the temperaturs fell to 16593,
with some materisl bveing distilled at 2ll Yimes., There was
also a f2iPly larze residue left in tho ¢istilling flask end
this waas discarded, There were sbout 19 grams of the erude
material in the segond fraction, which 414 not srystallize,
Ceoond runt This run wes mads in exaotly the same way
as the firat, excspt for the fractions tuaken,
Fraotion I  70=1529C QelOomm
Fraction II 152-190°¢ 13 mm
There wus also moh degomposition in this distillae
tion, and the yield wes guite low, The tarry residue that
was loft after the distillation was larger ithan in the firat
run, but was also disoarded,

Third runt The third rum was made in an effort to got
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enough of the gombined segond fractions to redistill. It
was made inm the same way as the first two, except for the
distillation, 1% wes thought that perhaps with slower heate
ing, %here would be less desconmposition, so tho distillation
on this run was malde with very gradual heating o©f the oil
bash under the distilling flask, The fractiocne taken wers,

Fragtion I 77«148°9C 8} rm

Frastion Il 146+100°C &5} mm

There was sven greater decomposition in thils run than
in the rirst two. asfter the temperaturs of 1469C was
recched, 1% started to drop, and no emount of heating would
make 1t rise again, The second fraotion was wery mnall, and
was combined with those of the first two runs,

Fourth runs As the material from the first$ three runs
was sti1ll insufficient for redistillation, another run was
made in exactly tha mame way, except that the distilling
flask was heated very raplidly.

Fraotion I 0s178%C 4 mm
Fraotion 1I 178.186°C 4 mnm

ihe yield in the sedond fraction wus very much greatar
than in any other run, end the decomposition was very alight,

The Farr analysis on the eombined higher boiling fraoe
tions of the first four rune showed 20,604 Br. 7This is not
in agreemont with the calculated value of 64,3510 Br.

The eombined fractions were redistilled, and the
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Tollowing fractions taken,
Fraction I 0«183°C 4 ma
Fraectton II 182Z«185°C 4 mm

tfter 24 hours, orystals started to form. These were
prossed, ead several rary ssalyses were run, dbul failed to
chack with the caloulatad valus or with euoh other, The
rrxcdust was reoryetallized from hot 6H. acetic acid, amd
saite crystsals wers foxmed, Tiessd were dried, and the rary
anzlyses obn thold ware uo betiter, 48 the oryetals darkened
oa otanding in the sunlighs, avothar run wes wmade fo sees 1P
the frognly 4istilled product would give any better resulils,

Fifth run: This run waa nede in the eame way as the
Jourth,

rastion I Oel7690 4 mm
rraotion 1 178«1889C 4 mm

The yield on this yum wum sbout I3 grams of orude
distillate in the second frastion, whioh &8s sbout 257 of
the theoreticu}l vilues 7The Farr analyses on the froshly
dietilled ﬁatariul wus ne botter than the others,

As no positive results were obtuined from Lhe hslogen
determinations, 1t was thought that perhaps a hydrats hald
beea formed, o the reorystellized produst was annlyzed dy
the ccubustion meihod to dstermine its carbon and hydrogen
content., 7The mveraze values found in the determinations

were, 28.79% Cy and 2441% He The ealoulated values for the
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desired oarbinol are, 28,9745 C and 2,43% N,

Ais the oarbon apd hydragen checked with the ocaloulated
values for the carbinol itself, four Carius determinations
were attompted in an efiort to get the halogen content to
cheok, The averuge value found from three of the determinas
tiona was €4,28% Br, whioch ehecka with the caloulated value
of 64,351% Bre /Pparently the arr method, as it now stands,
is not satisfactory for all organie eompounds, and will have

t0 be modified in some way befor 1t oan be relied wupon in

all cases,

Ester Preparation

The moethod uased in the preparation of the eszters of
tridvromomethyl«p-tolylearbinel was exactly the same as
that used in the preparstion of the ssters of the ¢hloroform
addition,

The acetic ester was prepared by refluxing five gramse
of the cardinol with five grams of aocetic anhydride at¥ 16D«
175°C for three hours, and pouring the mixture into waten,
and following the mams procedure as in the preparation of
the other esters. "The crystels formed on the eviporation
of the ather were recrystulliged from hot GHL ethsnol, Fron
the arr anzlysis of the reorystallized ester, it was found
that it contained 57,65% Br, wnhioh is in egreement with the
ealculated value of 57,81 By,

The physical propertiez of this estor 4re} a gray
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orystalline solid, i, pe 14915090, insolubtle in water,
slightly soluble in ethanol and methanol, and solublkd in
benzene, acstons, ether, chloroform, sarbom tetrachloride,
and carvon dieulrfide,

The proplionlio cster wae prepared inm a like manner,
using five grams of the earbinol and five gruma of propionie
enhydride and refluxing at 1l85«1759C for three hours, The
Farr analyesis on the recrystallized predust from hot 9%%
ethanol showed 55,85, Br, which is in agreement with the
caloulated value of 85,90 br.

The physiocal properties of this ester are; a brown
orystalline so0lid, i, pe 170°C, 1na61ub10 in vater, slighte
1y soluble in ethancl und methanol, &nd scluble in benzene,
acetone, ether, chlorolform, earbon’tetrachloride, and carbon
disulfide,

The butyric ester was also prepared in a similar
mantor, Five grams of butyry)l ohloride and five grams
of the oarbinol were refluxed at 125-130°C for thrae
hourss 7The product left alfter the svaporation of the
ether was a solid, &nd wae reorystullized from hot 983
ethanol, 7The Farr analysis on the reorystsllized produet
showed 53,90% Br, which checks with the caloulated wvalue
of 54,14% Br,

The physloal properties of thiz exzter sare as followe}
a white orystallins solid, M, p, 639C, insoluble in water,
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8lightly soluble 1n ethenol and methunol, and soluble im
benzene, acetone, sthor, chloroform, cardbon tetrachloride,
ard sarbon disulfide,

The benzole ester was prepared by the lchottenebaumen
mathode, 12 grams of benzoyl chloride snd five grams of the
carbinol were used, und the product was reorystallized from
hot 954 ethanol, The :arr analysis bn this purified
product showed 50,115 3x, which ims in agreement with the
caloulated valuo of 50,28% Br.

The physical proparties of this ester are as followsy
& white erystalline solid, ¥, p, 126°C, insoluble in water,
alightly soluble in ethanol and methanol, and saluble in
benzoene, agetons, ether, ehloroform, carbon tetrachloride,
and cardon disulgide,

Trienloromethyle-mebromophenyloarbinol

The general method of procedure uUsed in this prepe
aration was the sarne as in the preparution of the other
¢arbinols,

First runi1 €69 groems of mebromobenzaldehyde énd 4
grums of ehloroform were put in a three necked mixing
flask, #nd four grams of powdered potussium hydroxide were
ndded with oonstent stirring over a one~half hour period.
After the mixture had stood for several hours, 1%t weas ex=

tracted with ether, filtered, aud the ether distilled off,
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The mixture waas then s:eam distilled to remove the exoems
chloroform and aldehyde, ifter the mteam distillation, it
was again extracted with ether, treated with saturated
sodium blsulfite solution, washed, dried, and the ether
distilled off, “The remsining liquid was fractionated under
dininished pressure,

As the yleld wans very small, a seqond run was mads
in the same way &s ithe first, and the two combined and
redistilled,

Seferal Farr analyses on the higher bolllng fraetion
of the distillato were made, snd these siowed evidence of
eontaining some of the desired sarbincl, but in an impure
form,

Two ruas cn the bromeform addition compound were nlao
made, after sll the available sldehyde Lad been used in
making these four runs, an acoident ococured whioh crused
the loss of &ll the products formed,

although the results on thesze additions wers not
positive, the evidence is that probably Both the chloroe

form and the bdromoform additions took place to form the
correaponiing cardinol,

Trichloromethylsmenitrophenyloarbinel
¥irst run: 00 grems of menitrobenzaldehyde and 90
grams of ohloroform were put in the mixing flask und four

grams of powdered potassium hydroxide were added gver a
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one~half hour period.

in the fractionation, the following fraotions sere
taken,

Fraction I 0-180°C 1) mm
Fraetion I 180-1609C 1l mm

The tarry residue left in the distilling flask was
conparatively small, and was dlscarded,

The Parr analysis on the second fraction showed
only 9.35% Cl, which d@ces not agree with the caloulatoed
velue of 39,33% Cl,

A9 this 414 not look very encoursging, a seeond run
wee mede in an atienpt to ges snough of the material to
redistill,

The sedond rumn wis made in the same way a#s the first,
and as there wee not encugh to redistill, ancther run wase
made in the same way es the Lfirat two, Thess three runs
vere oombined and redistilled.

Frastion I 188«1800C 1l mm
Frastion II 180-1909C 1) mm

The rFarr analysis om the first fraction showed only
5,975 Cl, and that on the second fraction showmed 10,755 Cl.

although there 18 a possibility that some of the
gowpound souzht wns formed, the smount wes so amsll that
further investigotion elong this line wam disoontinued.
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fumcary

In this gummery sre tabulntsd the guantitutive recults
obtained in the investigation of p~teiualiehyle,

Compound preperad Be Po» Preus. U, D caleza Found

Triochloromethylm

prtolyloardincl |145«1530C| 4imm | 57-5900(44,424C) (44,2052
Eaters of above
Acetio w— wae | 105690 37,79./C1 [37,48.C1
Butyrie 172«173°9C| 1lam wwe | 84435701 |344,13%CL
Propionie ——— wme | §960%C| 26,017 (35,7840
Bonzole - wes | 24-550C| 30,97:5C1 (B0, 715CL

Trilkroromnetiyle

p~tolylearbinol |183-1859C]| 4 g 6290 64, 31782 |64,284Br
Esters of sdbove
Agetio —— wwe L49+509C|57,01{Br [57,631Br
Butyrie — woem 650C | 54,1448 [63.9048x
Propionie wewsl  1709C|55,901Br |65,85:{8p
Benzoie -— - | 1269C 50.28%33‘50.11%33

Concluszion

Trichloremetliyle end tribromomethylep=tolylearbincls
as well as the acetio, propionie, butyrie, and benzoie

esters of saoh have bDeen prep:red and eome of their prope

eriles studied,
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N Chlorsform and bromoform will probably add to mebromoe
banzeldehyds $o give the gorresponding carbinmols, but ne
positive results wera obiainsa,

Chloroform will not add So m-nitrobenzaldehyde under
the sane copditions that 1% will ¢o petolualdehyde,
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