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HISTORICKL DATA.



PREPARATIOE’S 0P OofiiOIJDPELI‘S'OL.

my ineteneee er the preperetion of e-bronephenel eppeer

in the literetere. The following ie e brief reeule ef the

lethede thet here been reported.

the eerlieet reeerded eerk en the preperetien er e-breee-

phenel ie thet of 31er end Brentee in 1873. (Ber. 6. 171).

my report heving obtained the «mound. elen; with p-brue-

pheeel. by the direet breninetien of phenol dieeelved in

fleeiel eoetie eeid.

The reenlte er Hubner end Brenton. beaver. were denied

by Gordon. (Free. 1891. 64). ehe repeeted their eerk end eere

led to the eenelneiee thet “the product or thie eethed ie

el-eet atirely p-brenephenel'.

Thie nethed wee further inveetigeted by meldele end

streettield. (J. Chen. See. London 73. 681. 1893). the veri-

tied the reenlte e1 Bubner end Breme.

In 1884. Lellleee end Greth-enn. (Ber. 17. 2726). pre-

pered the eeepound free 2-broaee. 3cm beneeie eeid. They

heeted the eeid fer the te eh m:- et iao'c.. Ger-bee

dicide eplittie; er: tree the eerberyl group end yielding

e-brenephenel. my reperted eetieteetory yielde by the m

e! thie method. I

. - Pitti‘ end Maser. (Ber. e. 362). end elee Keener. (Gees.

chin. Itel. d. 388). reperted the preperetien {rel O-brene-

elilile by dieeetieetion end enbeeqnent deeempeeitien e! the

flelllhll eelt Iith veter.

In 1893. 3. Beret. (Ber. 27. £957). prepared e-breeoo

Mby the direet brominetien of phenol et high telperetere.



Be reverted en elnoet quentitetiwe yield. Thie lethod will

be dieeleeed in here detail later.

II 1898. Heldele end Streatfield undo the eonpotmd tre-

e-elinepheeol. by repleoin‘ the emino group with bromine by

dieeetieetien eeoording to the Sendneyer reaction. (I. Ghen-

see. mm 73. 685). ‘ ‘ '

In 1909. Oberniller. (Ber. 42. can}. ebteined e-breno-

phenol elou with other produete. by brominetion of enli‘enie

end «emu. mu of phenol with e mixture or eodiee

breuide end endin- mebrolite. He believed this to be e

eeiteble broninetin; agent einee it liberated bromine elewly

ellewin; elew brominetion or the phenol. the tendency being

to uintein e eonetent eupply er the entire bromine.

III 1910. Hollelen. (K. died. Wetteneoheppen 18. 476-8).

ebteined pure e~brel0phenel by the distillation of the dry

pierete. thie nethed wee elee need by Rinkere in 1911. (Bee.

new. Chin. 30. team).

In 1912. Dineiddie end Keene. (c. A. 6. 482).. bronineted

phenol by eddies en exeeee er bromine to phenol dieeeleed in

eerieee eeltente eeeh ee ehlererore. eerbee tetreehleride end

eerben dienltide. They ebteieed nirturee of none- end dibrono-

phenele. .

In 1922. H. aeieee. (J. Chen. See. 121. 281002813; 0.1.

17. 995). eerried out the direct broeinetion of phenol in

eerbee tetreehleride end etndied the effeet er eddies eeter

to the reeetion fixture. lie found that the dry reagente

“we orthe. pere. er 2.4-dibronephene1. whereee the eddition

er weter eeeled to fever the fer-etien or the tribroee-



deriwetive. The theory involved in thie method will be

dieeleeed to none extent leter.

In 1925. run-rt the Knteni. (J. Phern. See. Jepen on.

rev-252; c. A. 20. 2669). prepored e-ehlore- end e-breneo

phenol by edding the halogen elowly. et reen tenperetnre. to

e eelntien or pheneldienlfenie eeid. They report wery shoe

yielde in the eeee or the ehlorine deriwetiwe. Apperently

the yield wee eeneidereble lower when bromine wee need. Thin

hotbed will be given in euro doteil later.

In 1927. Bkrenp Il‘ Bdrm. (m. See. Chin. ea. eon).

inweetinted the direet breninetion of phenol dieeelwed in

pyridine. they reported u—edfi yielde or the erthe eolpeeed

by thin nethed.

the loot reeent report of the lnweetigetien of the

hem-tutu of phenol ie that or e. v. Likheeheretow in 1929.

(J. knee. ream. chen. See. 61. 1019-1023; c. 1. 2d. see).

rho nethod ie e unique one end neee no the broninetin; egent.

e We of peteeeinn breeide end diehlerenree. lionebreno-

deriwetiwee were obteined in elneet quentitetive yielde by

Iain; Ieler quentitiee of phenol end petueinn bruide to

belt neler qnentitiee of diehlorenree. Thin ie poeeible.

einee one equinleet of diehleronree reeote with two eqniweo

lente eat peteeeien bronide. liberetinc two equinlente of

bro-inn. The prehet e! thie preeeeo in e mixture of ortho-

end pere-brenephenel whioh ere eepereted by freetionel

dietilletion.



COMBSA’IIOHS OF PHEHOLIC 0013011333.

Binee E. Paterno. (Gene. Chin. Itel. 1. 166. 1872).

firet prepared beneyl phenol. there here been innumereble

inmtisetione concerning this end einiler typee of eeedenc

eetiene ot’phenole end.re1eted compounde. While it wonld.be

inpreetieel to give e eonplete reenneof theee investigetiene.

the following in denigned to present e brief outline of the

dewelepnent of proceednree end theoriee that eppeer to here

e dietinot beering on the problem covered in thie theeie.

Peterne brought ebeut the eondeneetion of phenol end

beneyl ehleride through.the agency of nine ehleride. Free

the protect 5: un- reeetion he ieoleted e compound existing

to white needlee m ulting et as". which he eeenned to be

benryl phenol. He elee prepared.rnrioue derivetiwee of thie

denoted with e view to eetebliehins ite eonetitntion.

In 1874. Peter-no end it. rileti. (Gm. Chin. Itelo a.

121-129; 851-254). reported the preperetion of other deri-

wetivee et’beneyl phenol ee further ettenpte et identifi-

eetiee.

In 1875. there eene werkere prepared the one beneyl

phenol in e elichtly different wey. Reina beneyl eleehel in-

eteed et beeeyl chloride. end bringing ebout oondeneetien by

the elininetion of water. They and e nirtnre of enlhu-ie

neid end eeetie' neid ee e dehydretinc ezent. In addition be

tb eeuoud previously ebteined. there resulted fr- thie

hthed en oil whieh they eeenned to be en ieonerie beneyl

phenol.

In 1879. Peterne the We. (next. Chin. Ital. 8.

Mb “nut ebent the eon' ation neine zine turninge.



In 1880. Perkine end Hedglineon. (J. Chen. See. 724).

propel-ed beneyl phenol by the oondeneetion of benryl chlo-

rib end phonyl ecetete in elkeline eolntion. Their eon-

pcnnd nelted et 80°081'. end wee believed to be the pere

Md.

In 1882. Bonnie. (J. Chen. Soc. dl. 220). eerried out

e eeriee of inveetigetione in which he identified the ery-

etellieo cenponnd melting et 84' en the pore ieoner end the

oil ee the ortho iooner.

In the cane yoer. Leibeenn. (Ber. 15. 152). ecoonpliehed

the cone eondeneetion in the presence of nine chloride.

In 1833. meerro. (Gore. Chin. Itel. 12. 505-511).

brought ebont the oondeneetion by the nee of mecnceiun

chloride.

In the eovornl yoare following theee investieetione.

there were reported my oeeee of oondeneetione which ere ec

remotely reletod to the present problen ee not to require

dieeneeion.

Probebly the meet eetiei‘ectory end neet widely need

lethod of condensation of phenolic eonponnde with elkyl

helidee ewce ite development to the work of Cleiecn. lemon

of ite inpertenoe. it in given here eenewhet' in deteil.

The following in e my e! hie nethod no reported

in 1923. (1.. Alan. Chen. 36. 478-479). The phenol. “enolved

in e nolodieeocieting medial eneh ee toluene. wee firet con.

verted to the eodinn eelt by heating with netellie eediun.

After thin reeotion wee completed. en am or enbetituted

elkyl helide wee introduced end the heeting continued. The



pedeot of this reaction wee found to contain not only

elkyleted phenol but eleo elkyl phenyl other in varying

mounts. Cleieen Mpnreted these by first treating the mix--

ture with elooholio potenh solution which dieeolred the

elkyleted phenole. The elkyl phenyl ether was then extreoted

with petroleum ether. The residue from thie wee then treated

with hydrochloric eoid which egein liberated the phenole

present. Theee were then extrected with ethyl ether.

oleieen nleo carried out other important oondeneatione.

(All. 442. 210-245). The work or Cleieen will be dieeueeed

in more detail later.

In 192?. mach end Knoll. (aer. 603. 2543-2357).

reported work on the alkyl oondeneation of eubetituted

phenole in which they indicate that the preoenee of nice-

tro-negntiwe groupe on the nucleon of the phenol rewore

the formation or alkyl phonyl other. while the presence of

eleotro-pooitive groups favors the tormtion of the elky-

letod phenol.

Another type of condonention which in of great impor-

tenoo. especially since it has been employed to e conni-

derable extent in this laboratory. in that brought ebout by

the catalytic notion of eluninun chloride. Since. however.

the work outlined in thie theeie has not been portionlerly

merited with the aluminum chloride condensation. it will

not be diamond in great detail. Following in a brief

mount of ite derolopnont. ‘

Kohl-en firet employed the method. (Ann. 33-34. 97-204.

1840). in the preparation of ethere from eloohole.



II 1877. Priedel end Craft. to when hue been given

mt of the credit for the develop-ant of the Ithod. re-

ported e great deal of work. (Bill. Soc. Chel. 2?. ‘8:

mt. Bend. 84. 1392-1595). particularly on the epplieetion

of thin prmee to the condensation of eliphatie compounds.

In 1.881. Her: and Ueith. (Ber. 17. 18?). applied the

fithed to umtic condensation»

In 1916. Hueten end Eriedemn. (J. Amer. chan.‘ sec. :8.

2327). need eluinun chloride to bring ebont the eendem- ‘

tie- et benzene and benzyl elcohol to diphenylnethene.

In 1913. the cane nee. (J. Amer. Chen. see. 40. 785.

79:). carried out condensation: using secondary eleehele.

In 1924. Ins-ton. (J. Amer Chen. See. «36. 2775-2779).

reported the condensation of phenol and beuyl alcohol to

pom). phenol through the use of aluminum chloride.

Min; the lust few years e. great deal of vork he. been

done in thin lsberatery on the elusinun ehleride eendeneetien

a well u the China eondemtien er beuyl ehleride end

ite halogen derivatives with phenol end releted phenolic

amends. Since it neuld be ueeleu teettenpt e eelplete

my of thin neck. it in thought lost edv'ieeble to Unit

the nope ei’ thie paper to dete directly hen-in; en the

prom at hand.
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considerable time was spent in the development of the

nethod for preparing o-‘oromophenol. not because methode of

preparation were lacking. but because none of the aethode

already available cave eotiefoo tory results for preparation

on a mall eoale in e. student laboratory. It was deeired to

provide a simple. dependable. fairly efficient method for

preparing o-‘orowophenol from easily obtainable materiale.

With the exception of the method of Heroic and that of

W and mum. the method- ot preparation already in

non involve the use of expensive materials and are therefore

meetiefootory. The method of Hero}: and that of Tokagi and

Entani will be dieousoed in some detail later.

The method with which this paper io chiefly concerned we!

first carried out by R. Doooer in 1931 in this laboratory.

' It was adapted from the preparation 01 2.6-di’oromophenol.

(F. a. Wield. 1950). union. in turn was adapted from the

preparation of 2.6.diohlorophenol. {2—1. Tanaka and K. Kuteni.

C. A. 21o 2255).

- It is a well boo-n principle of Organic Chemistry that

the worm]. group on a benzene nucleus tends to direct the

subatitution of bromine to the ortho and pore. poei tione.

The aeolumiam of the reaction involved in this preparation

in based on the blotting of the para position by a sodium

ouli'onato group. (-eoaona) . thus leaving only the ortho

position to be filled.

The preparation ao originally carried out by Doseer in

We laboratory ie represented by the following «he-e:



 

 

 

OH. OH

so my to 100‘ a + HOB

T 52 4 for 35’ mnutes

sozon

0E 0H3

+ 2 non (5053.031 7. 1. 2 HOE

\\// *

$020.3 SOZONB

one

335' L

’ + d
"7

SOZOHa SOZONa

Olin ' on

Br Br

1 3203:: ‘80,! E180. ~ ’ ‘ e mso‘

e eon. t

802033

Very good yields were reported for this method. On

repitition of the work. however. an innumerable number of

triale failed to duplicate the results of Hr Boozer. the

yield at the ortho compound being. in fact. very low. The

process invariably reeulted in the formation of higher

brono derivatives along with a terry reeidne. To explain

thin dieorepanoy it was assumed.that some important
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condition of the yroceos no previously carried out had not

been noticed or recorded.

The negati‘ro‘reaulto 13 to a. series of. modifications

of the process did the development of 9. method which has

given. satisfactory result: that may be readily duplicated.

Attention is called to the fact that in phenol there

are three positions. (3. 4, said 6). in which brczdne may

be quite readily substituted. In the a‘oove process. only

one. tho para or 4 poof. tion. is bloolmd leaving the tn

Ortho positions open. fimorotioully it may be poooibl. to

' stop the reaction at such a point. that only one of time:

open positions is filled. oi th bromine. but this would noo-

ceooarlly be difficult and indepemhble. This is believed

to account for the formation of the Manor bromine darkn-

tlvea. It seems more reasonable to assume. as did renal

and latent. {page 3). that if too PUB-{$101130 he P8378 and

one ortho. more blocked. the chances for obtaining the o-

bromp‘lunol would be considerably increased. Thus it seen-ed

more odvioable to tirot for: the 2.4-diaulfon1c rather tho:

the ‘vmonoeulfonio 301 d.

It Io further believed that tho. thirty minutes heating

to need in the above process to not sufficient for the [ul-

tonation of the phenol. this idea in supported by Tanaka

and Extent. who originally :.'o:*."1:ed on the problem. The! hosted

the reaction mixture for three hours to omrplete the an).-

fonat-i on.

The literature seems to indicate a number of conflict-

1" opinion. in regard to halcgonetion. Tales: and Khfioni
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old: to hsve cbtdincd satisfactory results by bruinnting

the phcncldisultonic scid directly. According to Dntts snd

Mk. (I. inst. Chen. Sec. 43.» 505. 1921). chlorine.

trodes sad in cone onscs iodine. hes been demonstrated to

rsplsos the sultcnis scid group. (-30:03). with the pre-

diction of srcnntis halogen derivatives. They found thst

frequently hslcgens not only replaced the sulfonic soid

groups. but thst nsnslly lore hslogcns entered the ring

sith the formation of higher halogen derivatives. This they

believed to he s good general method for the propernticn

st meson derivatives of phenolic compounds since they

found that replsccnent st snlfonis scid groups by bromine

tskss plscs rcsdily st ordinary temperatures in the cess

of commands hsvin‘ one or me hydroxyl groups sttsched

to the nucleus.

If the interpretations of Dstts sad 31mm): srs cor-

rect. it see-Is that Mai and Kutsni have detected their

sun purpose in sttenpting ts block the 2 sad 4 positions

of phenol with sultcnic soid groups.

The statement of Dstts end mull! that “when bromine

is used in snail quentities. only s pertisl detach-set of

the soltcnic group occurs sod s hrcsosnltcnis scid is pro-

duced. sad that 'rcplses-ent of the soltcnic group by hslo-

use tskcs plses sore cssily in the sesc of none- then sit):

di- cr trisnlfcnis scid derivetivcs'. lcsvcs sole possibi-

lity cf the truth of the usmticns of fungi snd Euteui.

The writer agrees in part vith both of these vim but

set in entirety with either. It is believed that the
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evidence indicated in the morinental part of this paper

sill present acre or less definite views in regard to this dis-

account.

Betta and Bhoulik also state that 'inotead of free bre-

Iine. it has been found that a mixture of alkali bromide and

Fronts“. provides a better broninating agent. This is in

screenent eith Oberniller. (page 2). vho used a mixture of

sodiu bromide and sodiun hypobronite. The theory involved

in this proceedure nae satisfactorily explained by B. Bainee.

(page 2). who studied the effect of the addition of enter

to the bronination nature. Hie explanation assumes that the

_ aloe reaction betveen dry phenol and dry bruins is one of

direct substitution only. vhile in the preeence of vator it

is one of addition. The bromine reacts sith the eater present

forming 303:. vhich. he believed. reacts in the folloving

OH

80'

 J
r

 

Addition of a nolecule of £03: is followd by the splitting

eff of a noleoule of vator leaving the broninated product.

This view vac confirmd by the direct action of 1103: on

phenol and further supported by the fact that bronination

is retarded by conditions that tend to hinder the fornation

of 1103!. N

In the nethod need by Dooeer. the temperature of the

reaction mixture during hydrolysis of the sulfonio acid to

, e-bronophenol. vas naintained at 175°. According to
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firs-ks snd Rutani. (J. Phsrl. Soc. Japan 541. 196. 1927).

nhe first used this proceedure. the yield is nuch better if

the telperature of the reaction at this point is raised to

100.- 210.. The effect of this change will be discueeed in

the sxperinental part of this paper:
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TEEOIJES IEVGLVhD III 'I'KI‘. Chili-33:3 6333211352103.

The condensation of phenol and benzyl chloride accord.

in; to the nethod of Claim say berepresentod by the fol-

lowing schema

Obviously. the eimlest com-so of the reaction would

result in the fornation of A. phenyl bensyl other. This

product was expected by Claim and was found to be pree-

tieolly the only product when the reaction was carried out

in a dissociating nediun such co nethyl alcohol. When the

reaction was carried out in non-dissociating nediun.
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however. it was found that along with the ether was ob-

tained a considerable amount of o-benayl phenol. The above

echo. accounts for this by cunning that the bencyl chlo-

rideaddsontothephonolinthonennerehown.sodiu

chloride then splits off. leaving a compound of quinonio

structure which enolinee. forning the ortho substituted

phenol. Claisen based this theory of the nechanien of this

reaction on the theory proposed by Hicheal. (I. Pr. 3?.

id“ id. 189). regarding the reaction between silver cyanide

and nethyl iodide. which he believed proceeded according to

the following equations

as - c + I - m u: q» 3’

g! 531—» .gocx, ‘9 g-cns

claieen naintained that unsaturated groups substitute

in the ring nore readily than saturated groups and also

that the tendency toward ring alkylatiu inmased with the

“titutien of alkyl groups on the ring.

Glaisen did not indicate the formation of s p-bensyl

derivative in his preparation. hssever. on recent workers

have reported evidences of para substitution. It is diffi-

eult to explain para substitution on the basis of the above

theory. '

in 1926. a. We. (Chen. Zentr. 1. zen-2m).

attewted to explain the ring alkylation noted in connection

with the Claieen reaction. He suggested the following three

possibilities.

1. The fernation of addition products and the cubee-

euent splitting off of salt as indicated by Clsieen.



l‘

2. Oxygen alkylation. followed by rearrangenent of

the molecule.

3. The separation of the metal and halogen as a netsl-

lie halide. leaving a free alkyl radical and a free enol

radical.- '

D, ,’O

-H H .-

_ 4H ' 7

The tno radicals then combine to form the alkylated phenol.

 

 

The first hypothesis is the one nest generally accept-

ted. It is rather difficult to postulate rearrange-ant in

one nediun and not in another. which would nake the second

theory seen doubtful. The third theory is fairly reasonable

but scene less probable than the theory as first advanced

by Claisen.

the present problcn involves the bensylation of e-brono-

phenol according to the neth of Claisen. Iron the find-

ings of Busch and Knoll. (page 6). it was suspected that the

presence of bro-inc attached to the nucleus would favor the

fernation of the phenyl bsnsyl other.
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STATBZEIIT OF THE P3033131

The problem outlined in this thesis my be considered

as consisting of the following four parts:

1. The development of c satisfactory method of preparation

of rhrmphenol from easily obtainable materials.

2. The bensylation of the e-bronophenol “cording to the

method of Olaisen.

3. the preparation of various derivatives from the ben-

sylated o-brcnophenol.

«t. The analysis of the derivatives: prepared for the pur-

pose of identification.



WIREFBAL DATA



TIE PEEPARATIOH OF O’BROEOPHEKOL

no preparation of e-bronophenol according to the le-

thod of Dosser was first carried out using one fourth solar

quantities of reagents. 2‘ grams of phenol and 30 crass.“

slight excess over theoretical). of sulfuric acid were

bated on the steal bath for thirty minutes to for. p-phenelo

selfenic acid. The mixture was then cooled and made alka-

line with 501 sodiu- hydroxide solution. cooling. 1'. the

cooled Iixture was then added slowly. 40.5 areas of brains

thile shaking. After brcnination. the lixture was transferred

to a flash arranged for steam distillation. The mixture was

then steal distilled to remove any tribrcnophenol that had

been for-ed in the reaction. During the steals distillation.

the flask containing the reaction mixture was heated in an

.11 bath at a temperature of 125°-1so°.

When all the tribrosophenol had been removed. the nix-

tnre was cooled and acidified with concentrated sulfuric

acid. Enough acid was added to make the solution about 801

acid. steam distillation was again carried out while heating

the reaction mixture at lav-175'. As the sulfonio acid

hydrolysed. the hroniutsd phenol was liberated and passed

ever with the steam.

When no more oil distilled over the distillation was

stopped. The oil in the distillate was then extracted with

ethyl other. the other evaporated off and the residue

distilled. The following fractions sore obtained:

180' . 194‘ - - - - 10 grams.

lfl°0200.9--- 20s...





200.0215°-~-- 5am.

315‘-235°---- agrees.

255‘ - 255° - - - - 10 gram.

Pure o-broxnophenol boils at 195° at fiospheric pres-

sure. The fraction boiling at 194°..ng was assumed to be

lastly the desired compound. Throughout the subsequent ex-

perilents this same fraction was saved and weighed. thus

furnishing a means of comparing the yields as obtained in

the various trials. As may be seen from the above figures.

there was practically no yield of the s-bromophenol. The

rather large fraction from lSO‘olDd' was undoubtedly on.

Wed phenol. The large higher boiling fractions were

likely higher bromine derivatives.

the preparation was repeated many tines using the sons

ascents of naterials and tailoring the directions as llescly

as possible. It has not been considered necoesoary to tabs-

late the results fron all of these triala. but simply to

state that. in general. they were in close agreement with

those obtained in the first run. and in no case was there

enough of the desired cospound to be called a yield. It

rather represented sorely the passing fro: one fraction to

the nut.

After consistent failures to obtain e-bronophencl by

this precesdnre. it became evident that the method was at

fault. Undoubtedly. some important condition for carrying

out the reaction had not been observed nor recorded when

the lethod was first carried out.

is a result of this conclusion. the method was carefully



studied with s view to locate possible difficulties. The

correction of these difficulties required s long series

of trials of modification of the method. Biting the deve-

lcpncnt of the axioms modifications. the same general '

prooeednre was followed. attempting to study end drew the

proper conclusions concerning osoh of the modifications

carried out. '

The first difficulty observed was concerned with the

sodium salt of the phenolsulfonic acid. 2's do this. 50%

sodium hydroxide solution had been used. This leads s solu-

tion so concentrated that during brondnctios the resctios

mixture solidified and thus prevented thorough mixing. It

scented reasonable that this should have some effect on the

results.

The pressednro wee then carried out in the sen way

so before but using 40% sodium hydroxide solution. since

the resotion mixture still solidified during brominetion.

‘ this run was not duplicated. The final distillation of the

product seemed to show no change.

35% sodium hydroxide was used next. Again. since the

sixture solidified during brominotion. this was not du-

plicated. Agein. the final results showed little change.

30% sodium hydroxide solution was next used. This ties

the mixture did not solidify during breednatics and the

material was mixed thoroughly. 0!: distillation of the finsl

product. the following fractions were obtained:

130° . 194' . . - - 11 grams.

iee°croo'---- sum.
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200° - 210° - - - - 6 grams.

215° - 235' - - - . 1 grams.

235‘ - 255° - - - - 12 grams.

.8. duplicate trial gave the following results which

check fairly'wellz

130‘ - 194° . - - - 10 grams.

194' - 200° - - - - 5 grams.

200° - 215‘ - - - - 6 grams.

215’ - 235° - - — - 6 grams.

235' - 255' - - - - 11 grams.

As may be seen. the results of this change show an

increase in the fraction representing o‘bromophenol.

The preparation was oerried out using 20% end 10% solu-

tions of sodium hydroxide. respectively. with the following

results in the final distillation:

corneas

130° - 19e° - - - - 10 grams.

194° - 200' . - - - 4 grams.

200' - 215° . - - - 5 grams.

215°- 235° - - - - 5 grams.

235. . 255° - - - - 12 grams.

105 thh,.

180’ - 194° - - - - 10 grams.

104° - 200° - ~ - - 1 gram o

200. - 215° «- - - - 4 grams.

215’ . 235‘ - - - - 8 grams.

235°‘- 255° - - - — 14 grams.
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When using the 10;?) solution the yield dropped so 10'

that it one not eonsidered necessary to run an. duplicate on

it. A duplioete us run vith the 20} solution with results

practically identienl with those ohm shore.

The results shout from ehengin; the concentration of

the sodiun hydroxide Justify rather definite edelusions.

Apparently en increase in the amount or water present during

the reaction tends to out down the yield of e-bronophenol.

inoressing the amount or higher bromine derivatives. This

is in secord sith the rim of H Beinee. (Flee 2).. the

sdmtsge. however. in being shle to thoroughly lit the

reagents during broninetion. soeounts for the higher yield

of e—hrolophenel then using the 305 sodiun hydroxide.

011 the basis of the shore eonelusione. 30-5 sodiu- lu-

dreaide solution us need in ell subsequent runs. He- this

point en. s neohenieel stirrer was used diaries the sedition

of the sediun hydroxide end bromine.

As was ststed in the discussion. (page 10). it seened

legiesl to expeet e greater yield of e-‘orolophenol it two

rsther than only one or the three open positions of phenol

were bleeked. The mount of sulfurie eeid need in the pre-

psretion sp to this point see only slightly sore then the

theeretiesl amount required for s nonmlfonie said. with

the ides in mind ei‘ hlookinc tee of the poeitions. the pars

end one erths. by torsiu aucphenoldisnlfonie eoid. s series

or trisls of the prepsretion were carried out. inoreesing

the quentity of sulfurio acid by saying amounts.

The preparation no esrried out using 24 pen of



phenol together with 50 grams. 90 grams and 120 grams of

sulfuric acid respectively. In other respects the condition.

of the preceedure were kept the same on before. using. of

oouroe. 301 eodium.hydrozide for the formetion of the eul-

fonate. Duplicates were run on each.of these trisls. The

followin¢:repronents the results fron.fine1 distillation of

products:

60 grams of 8280‘ #1. £2.

120° - 194° ~ - - 8 grams 8 grams.

104° - 200° - - - 2 grams 7 grams.

200o - 215._- - - 6 grams 5 crane.

215' - 225° - - - 5 grams 5 grama.

255' - 255° - - - 7 grams 2 grams.

90 arena of 3280‘

130‘ - 104° - - . 7 grams 7 stone.

191° . 200° - - - 9 grams 0 grams.

200° - 215° - - - 5 grame 5 creme.

215° - 235° - - - 3 graze 3 grams.

255° - 255° - - - 7 grams 8 grams.

120 grams of 32304

100° a 194° - - - 7 stone 7 grams.

19" - 200° - - - 7 grams 0 grams.

200° - 215° - ~ - 5 grams 5 grams.

215° - 235° - - . 5 grams 6 grams.

235° . 253° ~ - - 8 gnome 3 grams.

From the above figures it may be seen that an inoresse

in the yield of o‘hrozophenol resulted fron.ineroasin¢ the

mof sulfuric seid need. up to s eertein point. 390



areas of H250‘ to 24 grams of phenol). which doubtless

represented the blocking of two positions. Kore than thst

amount of sulfuric acid probably resulted in the fornation

of e trisuli'onio acid and. the blocking of all three posi-

tions. which would not permit any brominotion. This is in-

dicated by the fall in yield observed when 120 grams of

sulfuric acid were used. The large excess of sulfuric seid.

(three and one half moles of 141230“ to one mole of phenol).

ehioh scored to give the best results was somewhat surpris-

ins. It is assumed that this much excess is necessary in

order to maintain the proper equilibrium between the sul- .

furic acid and phenol and the phenoldisulfonio acid. In the

trials which followed. phenol and sulfuric acid were used

in the ratio of 24 grams of phenol to 90 grams of 1580‘.

The next modification had to do with the time required

for formation of the sulfonic sold. its was stated in the

discussion. Tannin and Katmai heated for three hours st 100..

it sppeared that tidz-ty minutes heating was inoutfioient

and left 5 rather large amount of unchanged phenol.

In order to determine the optimum length of tine fer

producing the sulfonie acid. a. series of trials were carried

out using the same amounts of mteriefils es in the proceeding

runs but heating tor varying lengths of time. For duplieete

trisls sore run. heating for one. two. three and four hours

mpeotirely. on the steam bath. The following is u tshuv-

lstion of the results of distillation 01" the final product

in each case:



0-0 hour heating i1. #2.

180° 9 19e° - - - - v are-I‘ 7 grams.

19¢ . 200° . ~ - . 9 creme 10 grams.

200° - 215° - - - - 5 grene 4 creme.

215»0 o 235 - - . . e xrene 4 crele.

1". More heating

130° - 194' . - . - 6 gram: 6 green.

194 .2oo°..-. llamllgrene.

200' - 215 - - - - 4 gram: 3 green.

215' . 235 - - . .‘ 4 gram. 4 grams.

235° - 255° - - - - 5 grams 0 grams.

180° - 194° - - - - 0 .1... e ere-e.

ioc° . 200° . - - - 13 are-e 12 ere-e.

200° - 215° - - - . 3 ere-ck t are-e.

”5.08350-000 Sal-.4318“.

3359 . 255° 9 . - . e creel 6 are-e.

“molesting

180’ . 190‘ - - . . G crane 6 ere-I.

194° - 200° - - - . 13 green 13 (re-I.

300° . 215°~~ - - - s.¢zano 3 (zone.

m°~235°~-~§ Gum one”.

Obeemtion of the above figures indicatee an increece

in the yield of the deeired product no the tine of heating

in ilereeeed up to three houre. Heating for e longer period
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of tine did not coca to affect the yield. 011 the Inoculation

that the dieuli‘onic acid given the boot yield of ochre-o-

m1. it appeare that about three houre heating at 100'

in loot effective in converting the phenol and eulfurie

acid to the phenoldieulfonie acid. In the following triele.

three hour periode were need for the formation of the ell-

fonie acid.

In each preparation up to tide point there had been

obtained. in the first etc-Io dietillation. coneiderablc

quantitiee of tri‘orcnophenol. It no believed that if co.-

thinc could be done to prevent the formation of tribune-

phenol. the yield of the cwtlle mound night he correc-

yendincl: inoreceed. The following remains wae applied

to the problem

airing brominatien by eubotitution. one mole of bruise

producer. along with the brouinated product. one mole of

hydrobronio acid. The hydro‘oroaio acid liberated during the

nomination of phenol ehould be expected to react with th

culfonatee present in the reaction mixture. converting tb

codiun eulfonato group to the eulfonie acid group. According

to Bette and Bhounil. (page ll). the eulfonie acid group in

readily replaced by helcgene. while it ie believed that the

”an euli‘onatc group in not co replaced. It. then. th

already brominatcd phonol‘hao one or both of ite ccdiul n1.

locate troupe converted to eulfonic acid groups. and thocc

are readily reylaoed by bromine. it ie eaey to account for

the formation of higher bromine derintivee. In other wee-do.

if the mebronc compound to deeired. and if the eulfonio
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eeid group in eerily repleoed by brenine while the eoditn

eelfenete group in not. then the einple neutrelieetion of

the reeetion nixtnre before broninetien ie inenffioient.

In order to unintein the blocking effect of the eodiun enl-

fonete group. there met be edded to the phencldieulfonie

eoid enough eodinn hydroxide to convert ell the eulfonic

eeid groupe to enlfonete coupe. ell the moon enlfnrio

eoid to eediun eulfete. ell the phenolic coupe to phenolete

troupe end ell the hydrogen brclide libereted during the

reeotion to eodi- bro-ide. fhie exocee elkeli ehonld not

interfere in en wey with the broninetien einoe elkeline

hypobro-ite nelntien ie recognized to be e good broninetin‘

egent. ‘

The enount of eodinn max-me. to be edded to the

reection nixture wee eelenleted in the following wey. 0n

the beeie of noler quantitiee. one ncle W1. when

enlfoneted with three end one half nolee of We eeid.

(the enount previooely determined by exper‘inent to be noet

eetiefectoryle ehenld yield one nole of pheneldieolfonie

”1‘ end leeve en exceee of one end one helf nolee of enl-

fnrie eoid. Allen. during broninetion. one mole of hydrogen

bromide in liberated. Three nolee of eodiun hydroxide ere

mum to repleoe the three swan. hydrogen. or the

phenoldieulfenio ecid. three to neetreliee the ozone enl-

fnrie eeid. end one to neotreliee the hydrogen bronide.

Thin Inkee e totel of urea nolee of eodion hydroxide per

hole of phenol. or. one and three fourthe Iolee for e m

tenth neler run.



OI! the basin of thio reeooning. the preparation wee

goerriod out neing the euro quentitioe of phenol end eolfnric

eoid end forning the eulfonio eoid on before. rhio mixture

wee then node elkelino with 75 grene of eodiun hydroxide.

(e olight exceee over one and three fourthe nolee. to ellow

for incomlote fornation of the dienlfonic eeid). dieeoltd

in 118 no. of water. Broninntion wee cerried out on before.

when the nirture wee eteandietilled to renown tribronophenol.

it wee noted that not Ln; eppeered. whereee it had eppeerod

in verying enounte during previcue rune. rinel diotilletion

of the product gave the following freoticnoe

lBO‘elN°---- term.

ieo‘ozoo'----iegrm.

noo'-zie'---- agrene.

215'-2eo'---~ zgrene.

235.4255°---- dgrenn.

Thooo reeulto were very eetiofectery end eppoered to

beer out the reasoning. The writer omidere thio ee peooibly

the loot eignifionnt point in regerd to the veriooe ddifi-

oetiono of the prooeednre. It not only etrengthened the

belief in the blocking power of the eodinn eulfoneto group.

but reiood ooneiderebldozlgt to the edwieability of brenineting

the enlfonio me directlfe (Meal end Euteni). or of

ropleoing oulfonie ecid groupe with en elkolino brcnineting

egent. (Bette and Bhounik).

A very interoeting phenomenon in connection with thio

prooeodnro wee the evidence of e color reaction during the

edditien of the eodiun hydroxide. in the eroeoe elkeli wee
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added. there developed a pink color in the eolution which

dieappeered abruptly. elnoet einultaneoue with the addition

of the loot few cc. of the calculated amount of hose. Ho

attempt was made to explain thin. and though it seemed to

have no further eignificanoe. it furnished an almost infal-

lible neane of determining the right crease of base without

calculation.

A number of triele were node of thio prooeeduro in

order to verify the reeulte obtained in the firet run.

Though it oeemo unnecessary to record here all the figuree

obtained. it may be etated while in one or two ceoee the

yield of o-bronophenol van a little low. in general. it won

in olooe egreenont with'that ehown above.

The next modification of the proceeduro had to do with

the tomoraturo of the reaction mixture during the hydro-

lyeio of the eulfonio acid to bronophenol. The change wee

lode after a review of the work of Tanahi end Entani. (page

13). who carried out the proceee at 175° but otated that

the yield could be ineroaeod if the temperature of the

reaction nixturo wee rained to 200'.210°. 0n the beeie of

thin information. o trial wae run. being the method pre-

viouely deecribed only carrying out the hydrolyeie of the

eulfonic acid at 200.410.. The following tabulation of the

reenlte of thin trial ehow an increase in the total bro-

ninetod product and a corresponding alight increase in the

fraction taken no o-bromophonolt

ieo'-1ot°---- 5grello.

ieo'-2oo°----1c¢rm.



zoo'-215°~--- berm.

215'-255’---- dgrame.

235' - 255’ - - - - 3 grams.

Several repetiticne of this proceedure verified the

above resulte. Apparently thio nodificaticn did not in.

ereaee the relative amount of o-hrcnophencl in the reaction

mixture but brought about the increase in the final yield

by allowing a more perfect hydrolyaie of the brominated

pheneleulfonie acid. Thie nodification wae carried out in

all eubeequent prooeeduree.

Throughout the work thue far described the thought no

held that anything that mam be done to make more efficient

the oenveraion of phenol to phenoldieulfonic acid would

eerreepondingly inoreaee the yield of o-bremophenol. with

thio in nind it wee believed that etirrinc during the heat-

ing of the sulfuric acid and phenol night reeult in nere

omlete eulfcnation. or at leaet cut down the tine neoco-

eary for the maxim reaction.

“to etudy the effect of thin preceedure. a eeried of

duplicate rune of the preparation were carried out. etir-

ring while heating the reaction nixture on a boiling water

bath for one. two. three and four hour period: respectively.

In other reepecte the method wae carried out ae previcuely

found to be neat eatiafactory. Following ie a tabulation of

the reeulte of final dietillation of the varioue producte:

One hour heating #1. #2.

180°ole.---- agrame agrees.

lfl‘ozoo'oo--lOgranelOgrane.
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800°~2l§°---- Baren- inane.

21o“ - 235° - - -’- e-eran. 4 crane.

235° - 255° . - - . 11 gram. 12 grams.

rue hear: heating.

1eo' - 194° - - - - 4 grain 4 grams.

194’ - zoo“ - - - - 1e gran. 15 crane.

-zoo'. 215° . - - . d crane 5 crane.

215' - 255’ - . - - 5 grane d crane.

855’ . 255’ - - 9 - 6 grant 6 grain.

rhree hours heating

1eo' - 194° - - - ~ 3 crane e aroma.

194' 9 200’ . - - - 1o are-a lOgrane.

zoo' - 215° - - - - a green a arena.

:15“ - 215' - - - - a crane e grams.

235‘ - 255° - - - i 5 crane 6 grane.

Four when" heating

1eo° - 19d“ - - - - d crane 4 grane._

ioe’ - 200' - - - - 19 crane 18 grain.

200' . 215' - - - - 2 crane 2 grams.

215' - 235° - - - - e gram. 5 crane.

235’ - 255' - - - - 5 grame 6 grane.

The above figuree eatiefactorily bear out the reaecn-

ins. It was shown that stirring and heating for two hour.

produced.praetieally the eane yield as heating alone for

three houre. It wae aloe ehown. however. that etierinc and
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heating for three houre reeulted in an increaae in yield.

the acne preeeedure carried out for a period longer than

three houre eeened to be of no advantage. '

Up to thie point no mention has been made concerning

the temperature during bronination. It seemed poeeible that

thin night have acne bearing on the reunite of the prepa-

ration. Ordinarily the brondnation wae carried out on the

oooled.ndxture but no attempt wae made to maintain a defi-

nite temperature. During thio proceedure the temperature

usually rose to about d5'-50'. To determine the effect of

temperature on the bronination a eeriee of duplicate trial-

were run. By etirring with the flank containing the reaction

liztnre innereed in a water bath. the temperaturee in three

different caeee were naintained at 20.-25’. d0’-d5. and

co'.os° reapectivelyt The following reeulta were obtained

on dietillation of the final product:

eo‘bzo° #1. #2.

1ec‘ . 194° - - - - s gralu 5 grain.

194°-2oo°.o-.ie¢rm11¢rm.

zoo°¥215°---- agrane agrane.

215° - 235° - - - - a gram. 4 grain.

855.0255°o--- ograne Ggrale.

leo’-19e'--.- agrane agrana.

194‘ - 200° - - ~ 13 grame 19 grams.

200'-215°---- egrane 5grene.

215' - 235' - - - - e gram. d grams.



255 o255°---- ograme 6grana.

180 -194.---- dgrame 4grame.

194'- 200° - - - - 1e grame 14 gram.

zoo'-215'---- 551w!!! imam.

215'.235’---. 5grane tgrame.

235' - 255' - - - - 7 grams 3 grams.

Ac may be eeen from the figuree the temperature was not

very critical. however. there appeared to be a alight de-

creaee in the yield at the higher and at the lower tempera-

tures. It wan difficult to explain thio. Pocaibly at the

lower temperature broninaticn proceede more elcwly and was

not given time to reach completion. At the higher tempera-

ture. poeeibly the tendency of the bromine to vaporize and

pace off without reacting in greater than the increaaed

tendency toward reaction. Theee are admitted to be not very

eatiefactory explanaticne. At any rate. ainee it wae indi-

cated that the telperature for brcninatica waa not extremely

critical. and cince the temperature usually taken by the

bromination mixture eeemed to give maximum yield. of the

deeired product. no change was made. concerning thio part

of the prooeedure.

Only one other elight change was made. This wae made.

however. for the purpoee of caving naterialc rather than

for increaeing the yield. It was found that if. after the

firet oteam dietillation. the open flack containing the



reaction mixture nae heated for a while on the oil bath

and themixture evaporated nearly to dryneoc. leco eulfuric

acid wac required to take the mixture 80% acid. the right

concentration for hydrolyeic of the aulfonic acid. the nut

' atop in the preceedurc.

succeccive rune of the proceedurc were then made.

incorporating all of the vericuc modificationa and ucing

half molar quantitiec. (double the amountc previouoly hood).

it to not believed neceoeary to record here all the figurco

obtained from these rune. The following tabulation io

typical:

180°.194°--o-7¢rm.

194' - 200° - . - segues.~

200’ - 215° - - - - 7 grmnc.

215' - 235' - - . - a grain.

255° - 255' - - - 15 gramo.

The yield of 58 gremo cf c-bromophenol repreouto a

yield of «.45 which appears to be very oatiofactory. The

rather high fraction boiling at 255‘- 255' to believed to

be neatly 3.5-dibroncphenel.

Following are the complete directicnc for the prepa-

ration of cobromcphenel incorporation all of the modifi-

catienc previously mentioned. The materialc are taken on the

baoic of molar quantiticc.
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THE MODIFIED KETHOD FOE; PI-gh'iABIHG O-BBOXOPEEXOL

One mole. (94 grams). of phenol and three and one half

moles. (350 grams). of concentrated sulfuric acid in a two

liter. threeonecked flask are heated on a boiling water bath

for three hours. stirring constantly with a mechanical etir-

rer. At the end of this time the reaction mixture is cooled

by replacing the boiling water bath with a cold water bath.

The mixture is then made alkaline by adding a solution of

seven moles. (230 grams). cf'sodium hydroxide dissolved in

700 cc. of water. Thisnust be done very slowly on account

of the heat evolved by neutralization of the acid.

The alkaline solution is then cooled to room tempera

ture and broninated by adding slowly one mole. (160 bran).

ef bromine. etill stirring constantly. During this operation

the temperature of the reaction nixture is allowed te rice

to 40.-60.. Stirring is continued for about half an hour

after all the bromine has been added. The mixture should

etill be alkaline. '

The reaction mixture is then transferred to a three

liter flask set for steam distillation. During the ates.-

distillation the reaction mixture is heated on an oil bath

to about 150°. This removes any tribronophenol which should

not appear as more than a trace.

As econ as no tore tribromophenol is noticed in the die.

tillate. the steam distillation is stopped and the reaction

Iixture. still on the oil bath is evaporated to a thick

pasty gray me. This is allowed to cool and then acidified

with about sac cc. of concentrated sulfuric acid. This met
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be done slowly on account of the rapid evolution cf hydro-

gen bromide. I

The mixture in again steam distilled. this time from

an oil bath heated to 2000-2100. The sulfonis acid is hyo

drolysed by this procesdure and the brominated phenols

distill over as a heavy colorless or pale yellow oil.

When no more oil appears in the distillate. steam

distillation is stopped. The broninated phenols are then

extracted with ethyl ether. the ether evaperated off and

the residue distilled under ordinary pressure. The fraction

boiling face 194. to 200° represents practically pure c-brcuc-

phenol. The yield should be 70-75 grams. O-broaophencl is a

colorless oil with a very characteristic odor. It is rather

unstable and decomposes on standing. beecning a brown or

red liquid.
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m ESTHOD OF E. ELSE.

The preparation of e-bronophsaol according to the

nethcd sf 3. larch was carried out for the purpose of fern-

in a suitable basis of comparison of the nethod Just de-

scribed. This nethod was referred to in the historical pert

sf this paper and consists of the direct broniaation cf

phenol at high tcmersture.

Reaction. 0..“
0—H

r"? .1. HB/r 

‘i 8&1

The reaction was carried out in e ens liter three necked

flask fitted with e nsohanical stirrer. reflux condenser.

and a glass tube ct rather large bore for introducing the

brcnine vapors. One nole of phenol. (9d arena). was placed

in the flask and heated en en .11 bath tc ioo‘-1so°. One

nclc cf bronine. (no pane). were placed in a small flesh

«elected with the glass tube from the reaction flask. The

' bro-inc was veporised by warning on a water bath. the vnpere

passing over and bubbling up threugh the heated phenol.

hiring this operation the nixture was stirred vigorously.

Moan bronidc was liberated as bronination proceeded and

passed out through the reflux condenser. the preparation

being carried out in the headratirring was continued for

half an hour after all the broninc had been introduced.

The bro-insted phenol was then cooled. washed with 80%

cedin- ”druids solution. with water and than distilled.

The {cllcning is a tabulation of the results of this



distinction.

minis“-

m°.2oo° -

soo‘-ou°-

worse“-

235° . 255° -

-l§¢rens.

odlcrsne.

cup-ens.

«Macrame.

«vans-s.

rho yield at o-hronophenol. a grass boiling st 194'-

200. rspreoented s yield of 23.2}. According to the liters-

ture the yieldehould here been such higher.

This -thod or preparation involves one difficulty

which notes it undesirable without special equipmt. The

hot hydrogen bromide liberated in the reaction ettscked

eerk end robber connections se rigorously thet it wee in-

possible to keep the system from leaking. this else resulted

in the {creation of e considerable snount er tsr.
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this nethcd wee slsc run for 'conperison with the pre-

viously described lethod end else to check the theory of

blocking with sultonic ecid groups. this hes elreedy been

referred to e number of tines. According to the report of

this nethoda'aoo grams of melted phenol is pieced in e five

liter flesh. 3800 cross of sulfuric cold is edded end hosted

st ooh-mo" to: three hours. the disultonie «u derivatiwe

is formed. The mixture is cooled to roe. temereture. diluted

with 750 so. st water. end the theoretical slount of brains

edded. stirring. the brominoted phenol is obtained by stee-

distilletion. extraction of the distillate. then distilletion

of the tinel product'.

this method wee carried out in duplioete using on

he]! hole of phenol. (47 green). 1's the‘phenol wee edded

l” arenas of snlmris ecid end the nixtnre hosted en e boil-

ing water bath for three hours. stirring. It is interestiu

that the nethod up to this point is practically identiosl

with thet found previously to be noet effective. This is

seemed to result in the (creation e: phenoldiewltenie sold.

The nixture wee then cooled end one helt sole. (00

areas). of brains eddod slowly. When bro-instion wee eel-

plete. the nixtnre was stean distilled. The followiu re-

sults were obteined:

ii. #2.

lao'-lOd’----legrews20grene.

l“°-200'-~~-l?grals15grele.

200°o215'----dgrens stress.
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215'.235.----23m agrees.

235° - 255‘ - - - - 11 grew! 11 grains.

d rether lerge residue wes left in each case. These

were rather peer yields ef e-bronophenel. The highest. (11

crews). Ins celenlsted to be only 19.7} of the theoretical.

Besides indieeting the superiority of the previously

described nethed for prepsring e-bronopheeol. these results

hed es ilportnnt significeno'e. the beliefs of Bette end

.thnnik ef the replecesent of the enlfenie eoid group by

shelegeswes strengtheudwhile the sedu- suifeeete grew

wee indieeted to be e sore effective blocking egent then

the sulfonio ecid group.
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THE BEEZYLAIIOI 0F O-BhOhOPEEI-IOL.

The second part of the problem was the condensation

of e-bronophenol with bcnzyl chloride according to the

lethod of Clnieen. This method has elreedy been briefly

referred to end in given in detail in Annalen der Chenie

M2. 224.

The first Cleisen renction run was on half noler beeis

end was carried out in the following wey. 500 cc. of tol-

none were pieced in e {iii-i. liter three necked flask fitted

with s mercury scaled mechanical stirrer end a reflux eon.

denser. To this was then eddod one hnlf mole. (13.6 grams) .1

of olecn sodim. The fleck was then heated en en oil beth

until the sodium melted. stirred vigorously end allowed to

cool. 01: cooling. the 'sodinn solidified in very fine gle-

bulee which preeented poet reacting snrfece. While the

reaction mixture was .un et about vo°-ao°. one half sole.

66 grail; of cabronophenolwes slowly added. this resulted

in the formtion of the sodium phenolete:

I-”
O‘N‘

B:N. — —> a; (H)

Ihon the c-bronophenol had ell been added the nixture

was heated to uo'aco' end allowed to reflux for ebeut tws

 

hours. is the reaction proceeded. the dark colored sodiu-

diseppeered end the sodium phenclnte appeared es s thick.

white. pecty sees.

After the e-bronophenol had been completely converted
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to the corresponding phenolate. the mixture was again el-

lowed to cool somewhat and one half tools. (63 grams). of

hensyl chloride was added. The mixture was egain heated and

allowed to reflux st 150.455. for eight hours. It was then

let stand over night. During this time it was seemed that

the ordinary Clnisen reaction took place as previously

discussed. the bensyl group substituting on the ring to

for: 2-brone.6-benryl phenols

o’H

e~ g.

and on the oxygen of the phenol to fern achromphenyl-ben—

syl other. rt

.-
a

(in

On the following day the reection mixture was placed in

e. separatery funnel and washed thoroughly to remove the se-

diun chloride that had been formed during the roe-.ction. It

was then transferred to s distilling flask and the toluene

distilled off. The residue was heated to 125' to renews .11

traces of toluene.

The residue was then treated with an excess. (300 es.).

of Clsisen's alcoholic potash solution. This converted the

phenolic substances present to alkali salts which were in-

soluble in petrolic ether. which was then used to extract

the bensyl ether. The nirture was extracted three tines

with 200 cc. portions of petrolic other.
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The residue from this extraction. containing the el-

3311 salts of’the phenolic sUbstenccs.'wne acidified with

not. cooling. which liberated the phenols. These were then

extracted three tines. using 200 cc. portions of ethyl other.

the petroleum ether extract. which was suspected to

contain the substituted phenylbonsyl other. was transferred

to s Cleiecn flask and the petroleum ether evaporated off.

All traces of petroleun other and water were removed by

heating up to 125' under lb as. pressure. The residue was

then distilled at 2 3. pressure. yielding the following

fractions:

up to 155' . — - . a green.

135' - 1eo'o - . - 3 grams.

1m'.uv----m.um.

145 one ecu-931mm.

150° . 155 - - - - 2 grams.

1:55° . zoo - - . . 2 grams.

since it was believed that the large fractions between

“0' and 150° represented the desired product. these two

fractions were combined and refractionsted at 2 3. pressure

with the following results:

Upto ld0.---- harms.

ldo'oltz.----dgrems.

142' . 144' - - - - 21 grams.

1e4' . 146' - - - - 2 grams.

145' - 160° - - - - 2 grams.
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The fraction boiling at lumen" was named to be the

hmmphcnyl~benryl other. Analysis for halogen content.

(page 5:5). confirmed this.

The ethyl ether extract. which was suspected to con-

tain the 2-bronc.6-hensyl phenol. was then transferred to

a Claisen flask and the other evaporated off. As before. all

the other and water were removed by heating to 125’ at 15 -.

pressure. The residue was then distilled at 2 m. pressure

with the following results: '

Upto 1350---- Spams.

iso'oiso’---- Bar-m.

150°~155°-~~-1ogrm.

155°~1os°~~~~ spans.

165°-200°---- Sgrane.

m m;- fraction boiling .z loot-155° ucned to in-

dicate the desired product and was therefore refractienated

with the following results:

Upto 150°---- age-ans.

ioo'-1os'~--~ugrm.

158.-» --e-lgran.

nu fraction boiling at iso'dos' was seemed to s.

the 2-m.d-beneyl phenol. This was also confirled by

analysis for halogen content. (page 5:5).

The yields in the above reaction were calculated to be

18.95 of the other and 10.63 of the phenol.

i'we nore claisec ecndensaticns were run using the ease
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prooeednre'withwmoler quantities of the reagents. This wee

for the purpose of obtaining enough of the phenol for

enslysie end.the preparation of dcrivntivee.

Befrsctionntion. as deeoribed in oonneotion with.the

first run. gave. for these two'moler rune. the following

results:
'

achromnphenylobenzyl other. 2 an.

#1. $2.

Up to leo' . . - . 3 grams 4 grams.

ieo' . 142° . - - - 8 grams 8 grams.

142° a 144° - - - - 40 grams 38 arena.

14" - 145° - - - - 2 grams 2 grams.

146° - up - - ~ - 2 grams 2 grams.

Schema-honey}. phenol. 2 m.

Upto 150°---- Serums agrans.

150‘-153‘----35m33¢rm.

153‘ - up - - - - 5 grams 5 grams.

' The yields of the ether in these tee runs eere. re-

spectively. 15.25: and 1‘45.

The yields of the phenol eere 13.3% snd.lz.5%.

In order to further identify the compound sesamed to

he 2-hromophenyléhensyl ether. e Clsisen condensation was

run in methyl oleohol..Ls'Ies pointed out in the previous

discussion. the condensation eerried out in s dissociating

.nediml such to methyl alcohol. yields only the oxygen

elkyleted seasoned. One fourth.nolnr quantities of reagents
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'Iere need. The first part of the proceednre nae identical

‘eith.thnt used in the previous runs..A!ter the reaction

mixture had.been heated and.the reaction had gone to some

pletion. the alcohol was evaporated off. enter added to

dissolve the salt that had been formed in the proceee. and

the zdbronophenyldbenzyl ether was extracted three times

with 100 so. portions of petroleum ether. It was not neces-

sary to one Cleieen's alcoholic poteeh in thio cone nines

this prooeednro does not yield bensylnted phenols. The

petroleun.ether esmraot was then transferred.te s Cleieee

flank. the petrolens.ether evaporated off. and traces of

the solvent end eater removed as before byihesting to l25°

st 1: In. pressure. The residue wes then distilled st 2 h.

pressure giving the following frontionss h

up to 135° 2 grams.

155° - 140° — - - - 2 graze.

140° . 145° - -»- - 11 grams.

145° . 150° - e - . 8 grams.

150° . 155° - - - - 2 arena.

165. . 200° - - - . 3 grams.

As before. the frectione boiling st 1eo°.1eo° eere

eenhined end refreetioneted et 2 Elk pressure eith the

folleeing reeults:

Up to 140' - - - - 2 grams.

140' - 112° - - - - 1 gram .

142'“- 14¢° - - - - 13 grnme.
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iu’.1«'---- lgrele.

“6.-., 0......0

The large fraction ie emu assumed to repreeeat the

2-hronophenyl-benxyl ether. Its boiling point. 142°-1«‘ u

2 In. preeeure more with that as found from the ether

eeedeneetione. This in believed to definitely establieh

the identity of the eeupeund in queetion ee 2-bronophenyl-

hensyl ether.

94



VARIOUS BERNATIVES OP a-aaouow-mm PHEHOLo

The purpoee or this port of the prohlen no not only

to prepore mine now mounds bet to lee the: ee e fur-

ther nuns of identifying the 2-brono.6~heneyl phenol.

The first derivative properod wee 2.e-dihreeo.6-beneyl

pineal. This wee done by the direct hroninetion of the

bensyleted phenol eooording to the following equations

0”!" , 044

5., é- “1 i.
H H

X

f 7

'1' 9":- '1' H3”

 

A eoneidershle want of this derivative wee node in

order that 1: night he need in the preparation or other

derivatives.

13.1 crane. (.05 melee) . of 2-brm.6-hensyl phenol

wee dissolved in chloroform end to it wee edded 8.8 troll.

(.05 I010. plu s 10% exoeee). or bromine else dieeolved ie

ehlerotorn. The reeetion mixture wee cooled with iee. When

bruinotion wee eonplete. evidenced by the diseppeersnoe e!

the hrenine color. the ehlorerorn was evaporeted oft. leevb

in: e white solid. This compound. otter being reeryetel-

lised from petroleu- ether five tines. gave e oonetent

Islting point of 90.8.. identioel with the neltinc point no

deterlined for 2.d-dihroeo.e-henxy1 phenol by I. H. infield.

(Hester'e thesie. 1930). Thus. the identity of thie end the

mohrmbensyl phenol tre- whioh it wee prepared were ee-

teblished.

mt were propered the bensoyl end toluenesnltonyl

esters of the none and dihronoheuyl phenols. Thie wee done
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by the nethod described by Porter. Stewart end Breech. The

phenol was dissolved itfinidine end to it wee edded e 10%

excess of the ecyl chloride. After etending over night on

equel volnns of water wee edded to this reaction mixture to

reset with the excess ecyl chloride. The lixtnre wee then

eeidifisd with sulfur-is sold to fern e weter soluble selt

of the pyridine end the ester wee outrected with ethyl

ether. Iveporetion of the other solution then ceve the free

ester.

The first ester prepared wee the bensoyl ester of

Daemoeebene’) phenol. 8 greats of the phenol were dis-

' solved in 20 cons of pyridine end to this wee edded he

trons. (e oeleulnted 10$ excess). ef bemyl chloride. the

preeeednre wee followed es described end the ester for-ed

eecording to theequetion: 0°.C

d-c:0

fit) 0.9 .C

Eveporetion of the other extreet geve e white solid which

efter being recrystellined free ethyl elsohol five tiles.

showed e ecnetent seine; point of 39.5‘40“.

rho p-telnenesnlfenyl ester“ of 2-bronoooobensyl phenol

nepreperedintheeeleweyfre-Bgreleof thephenolsnd

6.0 areas of rtslneneenlfonyl chloride. eosording to the

(/0

[Ff/Q .lei/V

 





 

Recrystellisetion of this compound five times fro.

ethyl slcohol save e white crystelline compound hevin; e

oonstent melting point of 85.”88.0.

The bensoyl ester of 2.4-dibronc.d-bensyl phenol wee

propered in the sens eey using e trees of the phenol end

2 mile hensoyl chloride. eccording to the following sanction:

°
\

3
.
4
1
4
3
:
1

I

rive reorystellieetione of this compound fro: ethyl

elcohol cove e white oreetelline compound with e conetent

nelting point of 102'.

The p-tolueneenlfonyl ester of 2.4-dibronoydvbonsyl

phenol woe propersd tron 4 green of the phenol end 2.9

(rem of p-tolnenosulfonyl chloride. 0

.. a

I“ at” ,\Q "o 5 ~ 0 Q 3

/ z \ "’1‘ /’\ :1

Br ‘ ‘< \, t '

1%de

 

on)

This compound. when purified by successive recrystel-

lisetions from eloohol geve e white crystelline compound

hnvina e constant melting point of 119°.

The nethyl and ethyl others of 2-brmo.6-bencyl phenol

were next prepered in the following won The phenol was dis-

solved in the corresponding elcohol end the theoretical

enount of sodiun edded to fern the eodiun phenoleto. When
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this reeoticn was complete the theoretical enount of the

elkyl iodide wee edded. the Iixtnre refluxed for five hours

end ellowed to stend overnight. The elcohol wee then eve-

poreted off end the residue weshed with weter to renews the

sodium iodide forned in the reaction. The ether wee «-

trected with ethyl other end wee obteined by evoporetiu

off the solvent.

By this nethod the nethyl other was prepared. using

20 trons of 2-brcno.d-benryl phenol. 1.75 (runs of sodium

10.8 areas of nethyl iodide end 25 cc. of methyl eloohol.

The reections ere represented by the following equations:

‘ Deli ' 0 INA

 
this other wee then purified by frectionel distilletiee

et reduced pressure. It wes found to boil et 139'4451' et

2 III. pressure.

The ethyl ether wee prepared in the some wey. using

20 grams of the 2-brm.d-bensyl phenol. 1.75 grams of

sodium 11.5 none of ethyl iodide end 25 so. of ethyl

eleohol. The following reecticns were involved:
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This ether wee also purified by fractional distilletion

at reduced preesure. n was found to boil at u1'-ua' u

2 m. pressure.



AMISIS 01' mm VARIOUS PBEPARAIIOHS.

The final part of this problee consisted of the snelysis

of seeh of the various euponnds prepared free ochre-ephemel

for the purpose of deter-min; their eenetitution end thee

verifying their identity. The analysis wee node for hslegen

content. This was done by the Parr none method so deseribed

by J. Leap end H. Brodersoe. (I. Aner. Chen. see. 39. 2069.

lOl'I). implicate eelples were run on ell but two of the

eonpounde. the beneeyl end telneneeulfonyl esters of

8.4-dibrono.6-bensyl phenol. rhors see only e .11 snout

of these too compounds on head end since is eeeh sees the

first enelyeis cove results that oheoked very setisfeev

therily oith the theoretieel velnee. it no not eensidsred

neeeseery to run duplieetes. renewing is e tebnleties of

the results of the verioue analyses:

2-bronophenyl benryl other.

'wt. of sample wt. of bromine Z of bromine f of bro-ins

determined by analysis eslenleted

#1. .2021 .0603: 30.115 3.33%

#2. .2110 .06381 30.24%

2-brono .Scheneyl phenol.

 

st. of sample wt of bromine :1 of bromine % of bromine

determined by enelyeie onlonleted

51. .2013 .06079 30.20% 30.381

#2. .1952 .05934 30.26%



2.4-dibreue.6-beneyl phenol.

wt. of sample wt of bromine :5 of bromine '5 of bromine

determined by enelysis calculated

#1. .2082 .0968? do.8% £6.75;

#2. .e131 .0995: 45.52%

Beneoyl ester of 2-brono.6-beney1 phenol

n
o

*Q0/

.1

‘V <3, :4

wt. e1 couple wt. of bromine 1 of bromine 1 of brenine

(
3
.
.

detersined by enelysis celenleted

#1. .1986 .04169 214% 21.77$

#2. .2011 .ouoe ‘ 91.57:

p-Iolnenesnlfenyl ester of 2-brono.6-bensylphenol

“$70 ‘3

. fig

wt. of simple wt. of bromine % of bromine 3 of bromine

detereincd by enelyeis selssleted

#1. .2092 .03991 19.09% 18.16}

#2. .2085 .03988 19.18%

-—:.".

O

Benzoyl ester of 2.4-dibrem.6-beneyl phenol. o/‘EC

C

wt. of canals wt. of bromine 1 of bromine W of bromine

determined by enelyeis ”celeulotcd

I1. .2013 .ovzvo 35.64% 35.34;
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oeCO

0c
wt. of semple wt. of bromine 5'.’ of bromineWWof bromine

by ennlyeie calcnleted

p-telueneeulfonyl ester of 2.4-dibrcno.6-benryl phencl\

Qh‘

determined

#1. .2042 .06556 32.11% 52.22%

Methyl ether of 2-brm.6~bcneyl phenol. o3“

...<\

wt. of sample wt. of bromine 1 of bromine 5‘ of breeine

determined by enalysis calenleted

#1. .1951 .05541 28.40% ‘ 28.85%

#2. .2013 .05729 28.d6

Ethyl ether of 2-brone.6-beney1 phenol.

wt. of such wt of bromine 5 of bromine % of bromine

determined by analysis eeloulnted

#1. .1903 .0519? 27. 31% 27.06%

#2. .1997 .05448 27.28%

In eeoh seee. the structure thet had been essigned to

the compound. wee verified by enelycis.



 

The results of the work outlined in this theeis my

be wired in the following way:

A satisfactory nothod was developed for the preparation

of e-bromophenol.

By comparison with other simple methods of preparation

this method woe drum: to be superior.

The views of Bette and Shounik. thet the sulfonie eeid

group may be readily replaced by halogens. wee supported.

The sodium ulfonn 7%. shown to be sniteble for

blocking the enbetitution of halogens.

the oxygen and carbon benzylation products of o-bromephenol

were prepared end identified in various ways.

The following new oomponnde were prepared:

The bonsoyl ester of 2-brono.6~bonsy1 phenol.

The p-tolneneeulfenyl ester of 2-bromo.6-bensyl phenol.

The bensoyl ester of 2.6-dibrono.d-beneyl phenol.

The p-tolueneeulfonyl ester of 2.4-dibrono.6-bensyl phenol.

The nethyl other of 2-brono.6-beneyl phenol.

The ethyl ether of 2-brono.6-boneyl phenol.

z.t-dibrcee.8-bensy1 phenol woe previously prepared end

identified by 3'. H. Mold.

2-bronophewl-beneyl ether end abroad-bowl phenol

were prepared by R. Doseer but were not identified by

analysis at that time.
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