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Introducti on

The present investigation is an attempt to use the aryl

esters of p-toluene sulfuric acid as arylating agents. As there

are many cases in which the known methods of phenylation are not

applicable, the study of new phenylating agents 1b of interest.

The methyl and ethyl esters of p-toluene sulfuric acid are good

alkylating agent 9, and it was thought that the phenyl ester might

act in a similar manner. The action of the phenyl ester on the

sodium salts of alcohols and phenol was investigated.
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HISTOBICAL

In this section existing methods of phenylation will be described, and

references given so that the interested reader will be enabled to find readily

in the literature \-4iat work has been done on the various methods. This dis-

cussion will be followed by a summary of the work which has been done on p-

toluene sulfone chloride, the substance from which the arylating agents were

prepared.

Methods of Phenylation.

Whereas methyl and ethyl groups are readily introduced into almost

any compound, the introduction of a phenyl group is in many cases not so read-

ily accomplished. Host phenyl compounds are made by syntheses which do not

involve the direct introduction of a phenyl group.

Several standard methods of phenylation of rather wide application are

known, and numerous other methods for special cases. There remain many oases

in which none of the existing methods of phenylation are applicable, so that

work on new methods is of interest.

The Friedel -Crafts reaction, in viiich Aids is used to split out

halogen acid between benzene and a halogen compound, thereby introducing the

phenyl group into the compound which contained the halogen, is one of the best-

known methods of phenylation. (See Cohen, Organic Chemistry, I, 195.) It can

be carried out on a wide variety of compounds, the use of AICI3 not being

limited to the splitting out of halogen acid (77-90.) ZnCl2 or P£ 5
are some-

times substituted for AICI3.

The Grignard reaction, using phenyl magnesium halide, is another wide-

ly used method for introducing the phenyl group (91-94.) PhMgBr adds to a
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double bond as ph- and -MgBr. Hydrolysis of the resulting addition product

substitutes a hydrogen atom in place of the -MgBr group. Calcium may sometimes

be used in place of magnesium for making the phenyl metallic halide (95,96.)

Ullmann's method (97-116) isjone of the most frequently used methods of

phenylation. Finely divided copper or copper bronze is used for removing halo-

gen from the benzene nucleus. Benzene derivatives containing halogen in the

ring may be condensed with other halogen compounds by this method. They may

also be condensed with amines, with a splitting out of HX between the amine

group and the benzene derivative. In some cases metallic halide may be split

out between a metallic derivative of an orgai ic compound and the halogenated

benzene derivative. The function of the copper in many cases has been found to

be purely catalytic. Copper salts can be used in place of copper in some sub-

stances.

In Fittig's synthesis (117-123) metallic sodium is used to split out

halogen between a halogen substituted benzene molecule and another halogen-

containing molecule. This method is applicable in some cases of phenylation.

Benzene disinium chloride, or substituted benzene diazonium chlorides,

sometimes in the presence of cuprous chloride in hydrochloric acid solution,

are much used as arylati ng agents (124-136.)

In a few cases the introduction of a phenyl group into a substance can

be accomplished by passing the vapor of the substance, together with benzene

vapor, through a hot tube (137-141.) Ethylene and benzene give cinnamene by

this method. Benzene vapor passed alone thru a hot tube yields diphenyl, along

with some more complex products.

Dehydrating agents are sometimes used as a means of carrying out a
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pbenylation(143-145.

)

ZnClg pulls out water "between benzaldehyde and

vanillin according to- the following equation:

G6H2(CH0)(CCHs)(QH)

CgHglCHO) (OCHs) (OE)
+ H2

(143). Phenol heated with ZnClg or AICI3 yields phenyl ether (144). 3enzene

condenses with formaldehyde under the influence of dehydrating agents according

to the following equation:

2 C
6
H
6+

CHeO-fC
6
H
5
-CHs-C

6
H5+ EzO (145)

Phenyl groups may be introduced not only on carbon, oxygen, nitrogen,

and sulfur (146, 150, 151, 160), but also by various special methods on selen-

ium (147, 148), tellurium (149), boron (152), phosphorus (153-155), arsenic

(155-156), antimony (155), mercury (157-160), zinc (157-160), aluminium, cadmium

and bi smuth ( 157 )

•

The introduction of aldehyde, nitrile, and carboxyl groups into the ben-

zene nucleus may be regarded as phenylation of the carbon atom of one of these

groups. The aldehyde group may be introduced into an aromatic hydrocarbon by

means of CO and HC1, using AICI3 or OuCl as a condensing agent (161). HCl and

HCN together can be used for putting an aldehyde group into phenols and phenolic

ethers (162, 163). The cyanogen group may be introduced by treating the halo-

gen derivative of an aromatic hydrocarbon with a metallic cyanide, by treating

the hydrocarbon with cyanogen (164) or by treating the hydrocarbon with BrCIT

and AICI3 (188). Carbon dioxide and sodium convert the bromo derivative of

an aromatic hydrocarbon into the sodium salt of the corresponding carboxT ~

acid (165).

Hitrosoacetanilide has been used as a phenylat ing agent (166), e.g.

CgHgN: (COCH3)-1TO+C 6H5*C 6H5-C 6H5+ H^CHsCOOH. l:2 : 4-bromdinitro benzene may
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act as an arylating agent (167). p-CHs-CgE^-OK + l:2:4-Br-C6H3 (lT0e) g-^MeCgE^O-

C
6
H
3
(U0e)e.

Phenyl ethers and substituted phenyl ethers may be made by heating

phenols or their alkali salts with a halogen-substituted aromatic compound

(170-173). Two molecules of salicylic acid heated to 220° will condense to give

phenyl salicylate, splitting out COe and water (166). Aryl ethers can be formed

from the corresponding phenols by heating with ThOe as a catalytic agent (169).

One case is known in which phenol, instead of forming a phenyl ether,

substitutes the -C5H4CH group for a Br atom in a compound (174). Molten KQH

oxidizes phenol to diphenol, OH C6H4-C6H4OH (187).

Carbonates and acetates sometimes act as condensing agents in phenylations

by splitting out a molecule of acid between the two molecules which it is de-

sired to condense (175-180).

In certain rather rare classes of compounds a phenyl group migrates from

one part of the molecule to another (181-184.)

Under certain conditions benzene forms additive compounds with unsaturated

hydrocarbons, thus introducing a phenyl group (185). Diphenyl adds to phthalic

^-G •C 6H4 . C6H5
anhydride to form phenyl-benzoyl-o-benzoic acid, C6H4v,_* * {186).

No direct method lias been found for introducing the phenyl radical into

active methylene groups, such as the methylene group in malonic ester or aceto-

acetic ester. It was thought that if phenyl p-toluene sulfonate proved to be a

good phenylating agent it might be useful in phenylating active methylene groups.

The following type of reaction might be expected to taks place:

ROOC-CH fla-COOR + CIIs-OgH^SOE-OOgHs-^ROOC-^CHPh-COOR + CHsCsH^SOe-OHa

If such reactions did take place, they would provide a new use for p-toluene
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sulfone chloride, from which phenyl p-toluene sulfonate is made.

p-Toluene Sulfone Chloride.

p-^Doluene sulfone chloride occurs as a by-product in the manufacture of

saccharin, in which it is formed simultaneously with o-toluene sulfone chloride.

It is therefore plentiful, and, as but few uses have been found for it, cheap.

A patent has been taken out on its use as an insecticide, when mixed with

certain other substances (17). It has also been used in the manufacture of

p-n it ro-phenol and o-nitro-toluene sulfonic acid (1) (mou ffihooyotio^lj > The

commercial applications have not been sufficient, however, for the utilization

of the amount of p-toluene sulfone chloride made. Any application of the com-

pound to organic synthesis, which might lead to its commercial use, would be

of economic value.

Probably the best method of manufacture of o-and p-toluene sulfone chlor-

ides (4, 5) is by treatment of toluene with SC-2(0H)C1 at a low temperature.

The sulfone chlorides are formed directly, the ortho compound in greater yield

than the para. An alternative method of manufacture (4, 6, 7, 8) is to sul-

fonate toluene, make the sodium salt of the sulfonic acid thus formed, and con-

vert the sodium salt to the chloride by means of FCls* The separation of p-

from o-toluene sulfone chloride (9, 10) depends upon the fact that at ordinary

temperatures the p-corapound is a solid, m. 69°, while the o-compound is a li-

quid. The chloride may also be prepared from the potassium salt and PCl^ (ll t

12); from the sodium salt and SOs (CH)C1 (13); or by chlorinating p-thio-

cresol in glacial acetic acid (14). The properties of p-toluene sulfone chlor-

ide are described in several places in the literature (7, 11, 12, 15, 16).
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Various studies have been made on the reduction of p-toluene sulfone

chloride. The reagents used have been carbon and steam (15), HeS (18), AsgOs,

UaeS03 and TTaCH (19), Zn and H2SO4 (6, 7, 12). For reduction of the sulfone

chloride to toluene sulfhydrate, it is recommended (20) that the chloride be

converted to the sodium salt by treatment with sodium amalgam in benzene, and

the sodium salt reduced by zn and HeSC^. CHg-C^-SOe-ONa ^CHg-Cgl^-SH

Chlorination of p-toluene sulfone chloride gives different products under

different conditions (21-23). SbCl3, Ie, FeCls, Fe, and phosphorus compounds

have been used as catalytic agents. Chlorine may enter the side-chain, the

ring, or both. After chlorination the sulfone chloride group may be hydrolyzed

off by boiling with QQ% H2SO4, leaving chloro -toluenes, e.g., CH3-C6H4-SO2 CI

PJ^ClCHe-C^-SOeCl HgSO^ClCHg-CgHg.

With ammonia, p-toluene sulfone chloride gives the amide (7, 8, 27).

With amino compounds it gives corresponding products (27). CHs-CgE^-SOeCl +BH3

—^CHs-CgH^-SOe-HHe. The oxidation of these amino condensation products has

been studied (27).

potassium hydroxide with the chloride gives the potassium salt (8).

CH3- C
6H4-S0fiCl + K0H-i»CH3-C

6
H4S0e0K. Alkali sulfides or hydrosulfides may

p:ive the p-toluene sulfinate or the thiosulfonat e (28-30).

The action of the chloride on thiocarbam ides (31) and on the sodium deri-

vatives of certain ketonic esters (32) has been studied. p-Toluene sulfone

chloride with the sodium salt of a carboxy acid (33) gives either the chloride

or the anhydride of the carboxy acid, depending upon the amount of sodium salt

used « CH3-C6H4S02C1 + CH3 COONa-KJHs COCl + CHs-C^SOgOHa. CHs-C^-SOsCl +

2CIl3C00Ha-KCH3C0)20 + CH3-C
6H4S0e01Ta + KaCl.
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Distilled under ordinary pressure p-toluene sulfone chloride gives SOg

and P-CH3-C6H4CI at about 250° (34). The reaction runs more wmoothly and at a

lower temperature if a stream of dry chlorine is passed in, but in this case

the product is chlorinated.

loluene may be regenerated from the sulfone chloride if the latter is

mixed with carbon and treated under pressure with superheated steam (35). H2SO4

and HC1 are formed at the same time.

Many derivatives of p-toluene sulfone chloride are known and a large

number of condensation products of the chloride with other aromatic substances

(36-66,73). Some of the condensation products are used in the dye industry

(62-66). The nitration of certain condensation products and the electrolytic

reduction of the nitrated products have been studied (24-26.)

The methyl and ethyl esters of -toluene sulfonic acid are made by treat-

ing the chloride with methyl or ethyl alcohol (7, 11, 67). CHs-CgH4-S02.Cl +

C eH50K-*CH3-C6H4SOe-(X; sH5+ HCl. They are used as methylating and ethylat ing

agents (67-72). The methyl ester is found to be as good a methylating agent as

dimethyl sulfate (67). The methyl and ethyl esters have been used particularly

for alkylating aromatic bases (68-71). CH3-C 6H4-S0e-0CeH5 + C 6H5NHe -^CHs-C 6H4
-

SO2-0H + C6H5-MC2H5. This method of alkylation is sometimes used in the dye

industry

.

Phenyl p-toluene sulfonate can be prepared from the chloride and sodium

phenolate (74,1, 2) or from the chloride and phenol in pyridine (73). CH3-C6H4-

SOsCl + G6H501Ia-^GH3-C6H4-S02-0C6H5+ Na CL The phenyl ester can be nitrated

(1) to give a product, CH3 <ZZ>SO£-0<Z>N02, melting at 115°C. Y/hen the di-
NO2

nitro ester is suspended in NaOH solution and warmed to complete solution, it

was split to give sodium p-nitrophenolat e and sodium o-nitro toluene p-sulf onate.
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CHa <ZZ>-SO£-0<Z>NOe + 2lIaCE—t^CHs <Z>-SOe-ONa + NaO<Z>ITO£ + H 2 0.

NOe KOe

In 1918 (2) it was reported that the dinitro ester when treated with

sodium ethylate in absolute tlcohol gave sodium nitrotoluene sulfonate and p-

nitrophenetole , the latter in 98f yield.

CHs CH>-SOe-0<CZ>lIOc + ITaCEt —*CH3<d> SOeCEt + EtO-OHOe
1T02 NOe
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JHEORETICAI,

The methyl and ethyl esters of p-toluene sulfonic acid

'are very good methylating and ethylating agents, and as such are

used in the dye industry.

«H3,C6H4.8Gg.OC2H§ h C
S
H5NH2 CH

3 .
CgH4 .

SO^OH |- C
3

' T

5
' T17 C

2
H
5

The methyl e3ter has been found to be as cood a methylating agent

as dimethyl sulfate, but is not as easily prepared unless p-tolu-

ene sulfone chloride is available for its preparation. Even if

this substance is not available, ethyl p-toluene sulfonate is

more easily prepared than diethyl sulfate.

By analogy with the alphyl esters, the phenyl ester of p-

toluene sulfonic acid might, it was thought, prove to be a v°luable

phenyl ating agent. It a U3e might be easier than 3orne of the methods

of phenylation already existing, and it might be applicable in some

case3 where other methods fail to work. Reactions such as the fol-

lowing might be expected:

1. CH 3 .
C3
H
4 .

S02 .0Ph f ROOC.CHNaCOOR ,CH3 .
CgH^. SOg. ONa f

R00C.CHPh.C0OR

2. CH3.C3H4.GO3.OPh *• NaOEt C T̂

3 .C6H4 . 8C 3.0Na f- EtOPh

3. CH3 .
CgH4 .S02.0Ph f- MaOPh CH3 .

CgH4 .
S0 2 . ON a f PhOPh

Some work reported in the literature made it seem especially

probable that such reactions as those indicated above would take

place. The investigation was begun by attempting to carry out

the reaction between the phenyl ester and sodium ethylate. It was

found to take 'lace; corresponding reactions occurred when phenyl

-

p-toluene sulfonate was treated with sodium methylate and with

sodium butyl^te, anisole and butyl-phenol ether being formed. More-

over, when the p-bromo-, 2:4-&ibroino-, and p-nitro-phenyl esters





-11-

were treated with sodium ethylate, p-bro-ophenetol e, 2: 4-dibromo-

phenetole, and p-nitrophenetole were formed, "'her). NaOPh is used in

place of sodium ethylate, no diphenyl ether is obtained, but alkyl-

phenyl ethers depending upon the nature of the alcohol used as sol-

vent. Wh on ethyl, methyl, and butyl alcohols were used, the sodium

phenolate and phenyl p-toluene sulfonate gave phenetole, anisole,

and butyl-phenyl ether. Similar results were obtained with the

substituted phenyl esters. When phenol was used as solvent for

sodium phenolate qnd phenyl p-toluenesulfon^t e, no ethers were form

ed. Probably an exchange of radicals was taking place between the

ester and the solvent, in the case of the phenyl ester in ethyl al-

cohol according to the equation:

CK
3 .

C
6
H
4 .

S0
3
.0C

6
H
5
fEtOH f- (tfaOEt) > CH

3 .
CgH^ SO

g
OEt f CgHgOH

J. C. Irvine, in the Annual Reports of the Chemical Society, XV, 57

remarks that "reactions involving metallic alkyl oxides, alcohols

and esters are always complicated by an interchange of groups be-

tween the dissolved ester and the solvent". Many instances of this

phenomenon .are r-?ported in the literature (189-198). It is thought

that additive compounds are first formed and then broken down; e.g.

Ph-C=C f XOPr
OMe

OPr
Ph-C-OK

OMe

OPr
-f TCOMe «- ?h-C=0.

Several facts came out during the investigation which

further support the view that an exchange of radicals takes place

in the cases under consideration in this thesis. It was found that

considerable quantities of phenol could be isolated from the reac-

tion products. That it did not come from a splitting up of phene

tole by the sodium ethylate used was proved by treating phenetole

with sodium ethylate under the 3ame conditions as prevailed during
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the experiments with the phenyl ester and sodium ethylate. No phe-

nol was formed in this manner. It is therefore highly probable that

the phenol wai formed by an interchange of radicals between phenyl-

p-toluene sulfonate and ethyl alcohol. The use of sodium phenolate

in place of sodium ethylate with the phenyl ester increased the

yield of phenetol. Moreover, an increase in the amount of sodium

ethylate used decreased the yield of phenetole, whereas an increase

in the amount of sodium phenolate used increased the yield of phene-

tole. These facts make it appear that the phenetole formed comes

from the ethyl ester, formed by exchange of groups, acting on sodium

phenolate, either added or formed during the reaction, rather than

from phenyl ester and sodium ethylate.

The yield of phenetole obtained by refluxing phenyl ester

with sodium ethylate in alcohol was never hip.her than 33^-; the

yields of sodium p-toluene sulfonate, on the other hand, were nearly

theoretical. The large excess in the yield of sodium p-toluene sul-

fonate over the yield of phenetole could be accounted for by a reac-

tion between the ethyl ester formed in the stove reaction and sodium

ethyl at e:

C tT

3 <r>30 3
-0Et h NaOEt—^CT

-!

3
<=^S0

2
.ONa f Et

2

No ethyl p-toluene sulfonate could be isolated from the reaction pro

ducts when the phenyl ester was refluxed in ethyl alcohol containing

a trace of sodium ethylate. In order, therefore, to verify the

conclusion that the ethyl est sr is formed during the experiments

described above and that this ethyl ester, and not the phenyl ester,

is involved in the formation of phenetole, some ethyl ester was

prepared and refluxed with 30dium phenolate in ethyl alcohol. Phene-
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tole was formed in the same amount as was formed from the phenyl

ester and sodium ethylate under the 3ame conditions.

In order to determine whether the conclusion drawn above

concerning the high yield of sodium p-toluene sulfonate was justif-

ied, ethyl ester was refluxed with sodium ethylate in ethyl alcohol.

About a 60$ yield of sodium p-tcluene sulfonate was obtained.

p-Nitrophenyl o-nitrotoluene sulfonate, described in ref-

erence (l) as giving a 984 yield of p-nitrophenetole, was prepared

and refluxed with sodium ethylate in ethyl alcohol, but no p-nitro-

phenetole was obtained.

The p-bromophenyl, 2: 4-dibromophenyl, and p-nitrophenyl

esters of p-toluene sulfonic acid were prepared, and with sodium

ethylate 2?ve results similar to those obtained with the phenyl

ester. They gave respectively p-bromophenetole, 3: 4-dibromophene-

tole, and p-nitrophenetole. The bromophenyl esters gave higher

yields of the respective ethers than did the phenyl ester; the

nitro est ar gave a lower yi eld.

In spite of the fact that phenyl p-toluene sulfonate does

not act directly a3 a phenyl at in ! ? agent, in 3ome cases it acts

indirectly as such, and therefore may be of some value in phenyla-

tion.
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EXEBRIMENTAL

Preliminary Experiments

50 g. (0.2 mol) of phenyl p-toluenesulfonate -was dissolved in hot

absolute alcohol containing a molecular amount of sodium ethylate (4.6 g.

sodium) and boiled under a reflux. Y/ater- soluble crystals appeared at the end

of a few minutes. When 5 g. of sodium was used and the boiling was containued

for 8 or 9 hrs., 34 g. of these crystals of sodium p-toluenesulfonate were

formed, as was shown by filtering off the solid, drying, weighing, and dissolv-

ing in water to make sure that the crystals were sodium salt and not unchanged

ester. 39 g. would have been the theoretical yield. The alcohol was dis-

tilled off from the filtrate, water was added to the residue in the flask, and

the mixture was extracted with ether. The ether solution was dried on CaCl 2 ,

filtered, and the ether distilled off. The residue consisted of 8 g. of oil

distilling up to 200°C. The theoretical yield of phenetole would be about 25g.

It was thought that much of the phenetole might have been carried over

with the alcohol when this was distilled off, inasmuch as about 750 cc. had

been necessary to completely dissolve the ester used. It was also thought that

an excess of sodium ethylate might help to carry the reaction to completion.

In the next run 10 g. of sodium and about 400 cc. of alcohol were used. The

boiling was carried on for about 6 hrs. The alcohol was distilled* off through

a good fractionating column. 40 g. of sodium salt and a small amount of phene-

tole which was not distilled were obtained. iText the amount of alcohol used

was cut down still further. 6 g. of sodium in about 200 cc, of alcohol were

boiled for 6 hrs. with 50 g. of ester. 33g. of sodium salt aoi 12.5 g. of

oil boiling at 170-192° were obtained. This was redistilled from a small

flask on which a wide asbestos shield was placed to protect the thermometer
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from heating by the flame, 11.5 g. of phenetole distilled over at 165-168°C.

In all subsequent distillations the asbestos shield was used. The reaction is

seen to have run just as well in 200cc. of alcohol as in an amount sufficient

to dissolve the ester.

Methyl alcohol was tried as a solvent, with the idea that as it could be

distilled off at a lower temperature it would be less likely to carry off phene-

tole with it. 5 g. of sodium dissolved in ethyl alcohol was added to 50 g. of

ester in about 500 cc. of methyl alcohol and refluxed for 12-14 hrs. The sibdium

salt was rather soluble in methyl alcohol. 14 g. precipitated out on cooling,

and by evaporating ohe water layer after the ether extraction 26.5 g. more of

water-soluble material was recovered. 6 g. of oil boiling at 172-202° was ob-

tained.

In order to see whether phenyl p-toluenesulfonate would react with so dium

alcoholates other than ethyl, 50 g. of ester and 6 g. of sodium in about 400 cc.

of butyl alcohol were refluxed in an oil bath for about two hours. 40 g. of

sodium salt was obtained, and 15.5 g. of an oil which boiled at 185-205°.

Since the ester formed phenetole with sodium ethylate and appeared to form

some butyl-phenyl ether with sodium butylate, sodium phenolate was used with the

expectation of getting phenyl ether. 6 g. of sodium was dissolved in about 350

cc, of dry alcohol and a molecular quantity (24.5 g.) of phenol was added. 50 g.

of ester was added and the mixture was refluxed for about 6 hrs. 32 g. of

sodium salt was formed, and 23 g. of an oil boiling at 167-173°. An attempt

was made to extract this with alkali to remove any phenol which might be present,

but a good separation of layers was not obtained. Ho phenyl ether had been

formed; the use of sodium phenolate in place of sodium ethylate had increased

the yield of phenetole.

A possible explanation is that the phenyl ester reacts with the alcohol

used as solvent to give the ethyl ester, which then reacts with phenol to give



i
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phenetole , and with ethyl alcohol to give ethyl ether. If the reaction could

be carried out dry or in a non-alcoholic solvent, the exchange of groups be-

tween the ester and the solvent could be prevented. Toluene and acetone were

tried as solvents with the phenyl ester and dry sodium phenolate, and a number

of fusions and dry distillations of the ester with the dry sodium phenolate

were made, but no useful results were obtained.

If the phenyl ester reacts with ethyl alcohol to form ethyl ester, phenol

must be formed at the same tine. It was possible that the phenetole obtained

was contaminated by phenol. Therefore it was decided to extract all ether ex-

tracts v/ith concentrated sodium hydroxide solution. This was done in all subde-

quent experiments.

In order to compare the yields of phenetole obtained from the phenyl

ester and sodium ethylate and phenolate under the same conditions, the following

two experiments v/ere carried out. 9.2 g. of sodium dissolved in 300 cc. of

absolute alcohol was re fluxed with 50 g. of ester for 22 hrs. 36 g. of sodium

salt and 4 g. of phenetole boiling at 166-168° were obtained. 9.2 g. of sodium

was dissolved in 300 cc. of ethyl alcohol and 3 8 g. of phenol was added. This

was refluxed for 20 hrs. with 50 g. of ester. 35 g. of sodium salt and 14 g.

of phenetole boiling at 167-170° were formed. The yield of phenetole was

greater when sodium phenolate was used.

The same amounts of sodium and ester an 300 cc. of dry methyl alcohol

were refluxed for a long time. Exact account of the time was not kept. 36 g.

of sodium salt and a tiny bit of anisole boiling at 150-157° were formed. The

experiment was repeated using half the amount (0.1 mol) of sodium, 14 g. of

sodium salt and a very small amount of anisole were obtained.

The first run in which phenol was used was repeated, to see if the

apparent high yield of phenetole could be duplicated when the phenol was ex-

tracted from the ether extract. 19 g. of sodium salt and 7 1/2 g. of phenetole





(17)

•were formed.

A run was made using p-bromphenol in place of phenol, refluxing for 6 hrs.

36 g« of sodium salt and 8 l/2 g. of what waa probably p-bromphenet ole , boiling

at 182-242° were obtained.

Method of Procedure

The procedure had now been standardized so that the rest of the runs can

be tabulated. The details of the procedure are as follows:

About 200 cc. of dry alcohol was placed in a 1-liter round-bottom flask,

which was placed in a steam cone and connected to an upright condenser. The

amount of sodium to be used was cut into small pieces and added all at once to

the alcohol. After the sodium had dissolved a weighed amount of dry phenol

was added in case it was to be used. When this had dissolved, the weighed

amount of ester was added. The steam was turned on and the refluxing continued

for a definite number of hours, after which the flask was removed from the steam

cone and the contents allowed to cool. They were then filtered by suction, and

the solid washed with alcohol and dried on a porous plate. When it was dry it

was weighed and extracted with water. If any of it remained undissolved, this

residue was dried and weighed and the weight subtracted from the first weight

in order to get the weight of sodium salt. In some cases the solution of sodium

salt was acidified with concentrated HC1 to see if any of it consisted of

sodium phenolate. In no case was sodium phenolate found to be present.

The filtrate was placed in a 500 cc. round-bottom flask fitted with a

good fradtionat ing column, thermometer and condenser, and the alcohol fraction-

ated off on the steam cone. Water was added to the residue in the flask and

when this had cooled it was extracted three times with ether. ^he water layer

was discarded. The ether extract was extracted with concentrated HaCH, and then

dried on CaCl2 . The HaQH extract was acidified with concentrated HC1, and in
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case an oil separated or the solution became turbid it was extracted with ether.

This ether extract was also dried on CaCl 2 . The two ether extracts were treated

alike but separately. After drying they were filtered into a distilling flask

fitted to a condenser, and the ether was distilled off on the steam cone. The

residue was transferred to a small flask fitted with an asbestos shield, a

thermometer and a small air condenser, and distilled. The pure fraction was

collected in a test tube and weighed.

Tabulated Experiments

The runs which followed are numbered consecutively from 1 to 46. In

all cases 0.1 mol of ester was used. (See t^Ue.)

Experiments with Sodium Ethylate

Runs 1-14 were made in order to determine the effect of the length of

time of refluxing and of an excess of sodium ethylate. 25 g. of phenyl p-tol-

uenesulfonate was used in each case. In runs 1-7, 2.3 g. of sodium, or 0.1 mol,
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was used. The refluxing was carried on for 2, 5, 6, 8, 10, 12, and 20 hrs-

The yields of phenetole ranged irregularly from 2 1/2 to 4 g., or 20-33$.

Phenol was formed in each case, the yields running from 1/2 to 1 l/2 g. The

length of time of refluxing had very little influence on the yield of either

phenetole or phenol.

In runs 8-14, 25 g. of phenyl ester and 4.6 g. (0.2 mol) of sodium in

ethyl alcohol were refluxed for 2, 4, 6 1/6, 9 l/3, 10, 12, and 20 hrs. The

yields of phenetole ran from 1/2 to 1 l/2 g. or 4-12$. Wo phenol was isolated.

Obviously if any was formed it would be converted to sodium phenolate by the

excess of sodium ethylate and so escape extraction with ether. Again the

length of time of refluxing had little influence on the yield of phenetole.

In run 15 only a trace of sodium was used, to see if the mere presence of

sodium ethylate were sufficient to cause the formation of phenetole or of

phenol. The refluxing was carried on for 4 l/l2hrs. No phenetole or phenol

was formed.

It was thought possible that the phenol mi<£it have been formed from phene-

tole during the course of the run. Accordingly, 0.1 mol of phenetole was re-

fluxed for 8 l/'-^hrs. with 0.1 mol of sodium in ethyl alcohol (run 28). No

phenol was formed.

Experiments with sodium phenolate.

In runs 16-19, 0.1 mol of ester, 0.1 mol of sodium, and 0.1 mol of phenol

in ethyl alcohol were refluxed for 4, 2 1/12, 8 1/12, and 20 hrs. The yields

of phenetole ranged from 3 l/2 to 7 g. ,or 30 to 57$. It will be seen that

the yields were considerably larger than in runs 1-7, where sodium ethy-

late was used. Again time had little effect on the yield.
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It was not thought that any of the phenetole had been formed from the

interaction of sodium phenolate and alcohol, but in order to eliminate this

possibility 0.2 mol of sodium and 0.2 mol of phenol were refluxed with 200 co.

of dry alcohol for 8 1/12 hrs. No phenetole was formed.

In all subsequent runs the time of refluxing aimed at was 8 hrs.

In run 20, 25 g. of ester, 0.2 mol of sodium and 0.1 mol of phenol were

used. The yield was 41^, the same as in run 18 where the conditions were the

same except that 0.1 mol of sodium was used.

In run 21, 0.2 mol of sodium and 0.2 mol of phenol with 0.1 mol of

ester gave a yield of 6 l/2 g. of phenetole, or 53%,

In run 22, 0.1 mol of sodium and 0.2 mol of phenol were added. No

phenetole was formed. Evidently the presence of free phenol inhibited the for-

mation of phenetole.

In run 24, using 0.1 mol of sodium and 0.3 mol of phenol, 1 1/2 g. or a

12% yield of phenetole was obtained.

In run 25, about 2.00 cc. of melted dry phenol was used as solvent in

place of alcohol. After the heating was finished, the phenol was removed by

dissolving in concentrated ITaOH solution. Ho phenyl ether had been formed.

Experiments with Substituted Esters

It was now decided to try some substituted esters. The p-bromphenyl,

2 :4-dibromphenyl, and p-nitrophenyl esters of p-toluenesulfonic acid were pre-

pared. The method of preparation was the same for the two brom esters.

40 g. of c,p. NaOH was dissolved in distilled water, and 1 mol of

p-bromphenol (or 2:4-dibrom phenol) was dissolved in this solution. 190.5 g.

of p-toluenesulfonyl chloride v/as added gradually with stirring. On diluting

with cold water the ester separated out. It was filtered off and dried on a
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porous plate. After recrystallizat ion from hot alcohol, the p-bromphenyl ester

melted at 94-95°, and the 2;4-dibroraphenyl ester melted at 118-119°.

These were new compounds. They were analyzed "by the sodium peroxide

method.

Calcd. for

24.44
% Br

C 13HlO°3BreS

39.38

The method for making the p-nitrophenyl ester was the sane, except that

the sodium salt of the p-nitrophenol had to "be recrystallized from hot water

because the p-nitrophenol had contained considerable tarry matter. A large

amount of water was necessary to dissolve the sodium p-nitrophenolate . The

ester melted at 95-96°. Richter's Lexikon gives the melting point as 97-98°.

O.l mol of each of the substituted esters was run with 0.1 mol of Na in

ethyl alcohol (runs 26, 27, and 29.) The monobrom ester run for 8 1/6 hrs.

gave 7 g. of p-bromphenetole boiling at 222-235°, a 35$ yield, and 2 g. of

p-bromphenol boiling at 215-233°.

The dibrom ester ran for 8 l/l2 hrs. gave 11 g. of 2:4 dibromphenetole

boiling at 286-271°, a 40$ yield, and 1/2 g. of 2 :4-dibromphenol boiling at 244-

249°.

The nitro-ester run for 10 l/4 hrs. gave 1 l/2 g. of p-nitrophenetole

boiling at 272-273°, a 10$ yield, and a small amount of p-nitrophenol.

In runs 30-32 the substituted esters were run with 0.1 mol of sodium and

0.1 mol of phenol. The yields of substituted phenetoles were decreased from

35, 40 and 10$ to 15, 22, and 0$. It was not to be expected that phenol would

have the same effect with the substituted esters as with the unsubst ituted, as

phenol could not be formed from them during the reaction.
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The dinitro ester described in the two articles mentioned at the begin-

ning of this section (1) and (2) was prepared (m.p. 120°) and run with 0.1

mol of sodium in ethyl alcohol (run 44.) 1 l/2 g. of p-nitrophenol was ob-

tained, but no p-nitrophenetole

.

Experiments with Sodium Methylate.

In runs 33, 34, 38 and 39, methyl alcohol was used in place of ethyl.

With 0.1 mol of sodium, 3/4 g. or a 7$ yield of anisole and 1 1/2 g. of phenol

were formed* With 0.2 mol of sodium no anisole and 1/2 g. of phenol were

formed, 0.1 mol of sodium and 0.1 mol of phenol gave l/2 g# of anisole, or

a 5$ yield, while 0.2 mol of Ha and 0.2 mol of phenol gave 3 g. or a 28$ yield

Experiments with Sodium Butylate.

In runs 36, 37, 42 and 43, butyl alcohol was substituted for ethyl.

0.1 mol of sodium gave 3 g. of a 20$ yield of butyl-phenyl ether and 1/2 g. of

phenol. 0.2 mol of Ha gave 3 1/2 g. or a 23$ yield of the ether and no phenol

0.1 mol of sodium and 0.1 mol of phenol gave 5 g. or a 33$ yield of the ether;

and 0.2 mol of sodium and 0.2 mol of phenol gave 5 l/2 g. or a 37$ yield.

Experiments with the Ethyl Ester.

In run 40, 0.1 mol of phenyl ester was run with just a trace of sodium,

in order to see if any ethyl ester could be isolated at the end of the run

when the amount of sodium ethylate was insufficient for the formation of

phenetole. The crystals and filtrate were examined, but no ethyl ester could

be isolated.
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Since it was thought that ethyl ester was formed during the course of the

reaction in which phenetole was formed, it was desirable to find out whether

the ethyl ester and sodium phenolate would actually give phenetole.

The ethyl ester of p-toluenesulfonic acid was prepared in the following

manner (3):

190 g. of p-toluenesulfonyl chloride was placed in a flask under a reflux

condenser* 87.4 g. of absolute alcohol was added and refluxed for 4 1/2 hours.

The mass was poured into cold water and allowed to stand over night. The ester

was too oily to separate from the water by filtration, so it was extracted with

ether. The ether extract v/as dried on CaCle and the ether distilled off. The

ester remaining in the flask solidified when the flask was placed in ice water,

and melted at 32°. The yield was 39 g.

0.1 mol of the ethyl ester refluxed for 8 1/6 hrs. with 0.1 mol of sodium

and 0.1 mol of phenol gave a 30$ yield of phenetole: exactly 1he same yield as

was obtained from the phenyl ester and sodium ethylate under the same conditions.

This would indicate that in both cases an equilibrium exists between the phenyl

ester and sodium ethylate and the ethyl ester and sodium phenylate.

In order to see if the high yields of sodium salt which accompanied low

yields of phenetole could be accounted for by a reaction between the ethyl ester

and sodium ethylate to form the sodium sulfonate and ethyl ether, a little less

than 0.1 mol of ethyl ester was refluxed for 8 hrs. with a corresponding amount

of sodium in eth^'l alcohol. 12 g. of sodium salt was formed.
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Run Hours 0.1 mol Solvent Mols Mols
t_>

• !7a g. ^ yield
No. ester Ha phenol Salt ether phenol ether

1 2 phenyl Et OH 0.1 16

1/2

2 1/2 little 20
2 5 it ii it 0.1 15 4 1 33
3 6 n ti 0.1 14 1/2 2 1/2 1 20
4 Q ti u 0.1W • X o 17 3 1/2 1 30
5 10 it ii 0.1 o 13 1/2 3 1/2 25
6 12 ii it 0.1 o 17X 1 3 l/2 11/2 30
7 20 it it o.i 18

1/2

2 1/2 11/2 20
8 2 H ii 0.2 19 1 1/2 12
9 4 ti it 0.2 18 1/2 1/2 . 4
10 6 1/6 it it 0.2 19 1/2 11/2 12

11 9 1/3 it n 0.2 18 1 8

12 10 it it 0.2 18 1 8

13 12 ii it 0.2 17 1/2 1 8

14 20 it it 0.2 o 17 1/2 4
15 4 l/l2 it ii t V&C.fi o 1/2
16 4 it it 0.1V/ • X 0.1 9 l/2

1/2

3 1/2 30
17 2 1/12 it ti 0.1 0.1 14 5 41
18 8 1/12 it it 0.1 0.1 12 5 _ 41
19 20 ti ii 0.1 0.1 18 7 57
20 8 ti tt 0.2 0.1 15 5 _ 41
21 8 it ti 0.2 0.2 15 6 1/2 53
22 8 it ii 0.1 0.2 1/2
23 no good
24 8 " Ph OH 0.1 0.3 1 1 1/2 12
25 8 " Ph OH 0.1
26 8 1/6 p-brom

1/12

phenyl Et OH 0.1 15 7 2 35
27 8 2:4-Dit>rom

phenyl Et OH 0.1 11 11 1/2 40
28 8 1/12 Phene-

tole Et OH 0.1
29 10 1/4 p-nitro

phenyl Et OH 0.1 13 1 1/2 little 10
30 8 p-brom

1/12

phenyl Et OH 0.1 0.1 4 1/2 3? 15?
31 8 2:4-Dibroni

phenyl Et OH 0.1 0.1 9 6 L 22

32 8 p-nitro
phenyl Et OH 0.1 0.1 1 1/2

33 8 phenyl Me OH 0.1 4 3/4 1 1/2 7

34 8

1/12

phenyl Me OH 0.2 13

35 8 none Et OH 0.2 0.2
36 8 phenyl Bu OH 0.1 4 3 1/2 20
37 8 phenyl Bu OH 0.2 13 3 1/2 23
38 8

1/12

phenyl Me OH 0.1 0.1 7 1/2 5

39 8 phenyl Me OH 0.2 0.2 4 3 28

40 a
VJ phenyl Et OH nc ethyl ester

41 nu good
42 o

1/12
phenyl Bu OH U. 1 0.1 3 1/2 5 33

43 8 phenyl Bu OH 0.2 7 5 1/2 37%J I

44 8 nitrated Et OH 0.1 17 1/2 1 1/2
45 8 1/6 ethyl Et OH 0.1 0.1 8 3 1/2 30
46 8 ethyl Et OH 0.1 12
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SUMMAET

1. When the phenyl ester of p-toluenesulfonic acid was refluxed with

sodium ethylate in absolute alcohol, with sodium methylate in dry methyl

alcohol, and with sodium butylate in dry butyl alcohol, there were formed re-

spectively phenetole, anisole, and butyl-phenyl ether, together with the sodium

salt of p-toluenesulfonic acid.

2. The p-bromophenyl- and 2:4-dibromophenyl-esters of p-toluenesulfonic

acid were prepared. With sodium ethylate in absolute alcohol they gave the

corresponding bromophenetoles in slightly higher yields than the yield of

phenetole obtained under the same conditions. The p-nitrophenyl ester gave a

very small yield of p-nitrophenetole.

3. When the phenyl ester of p-toluenesulfonic acid was refluxed with

sodium phenolate in absolute ethyl alcohol, phenetole and not diphenyl ether

was formed. The yield of phenetole was greater in this case than when sodium

ethylate was used. Corresponding results were obtained when sodium phenolate

was refluxed with the phenyl ester in methyl and butyl alcohols.

4. The mechanism of the preparation of phenetole from phenyl p-toluene-

sulfonate and sodium ethylate appears to be: first, an exchange of phenyl and

ethyl groups between the phenyl ester and the sodium ethylate to form the

ethyl ester and sodium phenolate; second, ethylation of the sodium phenolate

by the ethyl ester.

The following facts lead to this conclusion;

a. During the reaction phenol or the corresponding substituted

phenol was formed along with the ether.

b. In general, excess of sodium ethylate decreased the yield of cthor,

and excess of sodium phenolate increased it.
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When the phenyl ester was refluxed with sodium phenolate in

phenol as a solvent, no phenyl ether was formed.

The ethyl ester with sodium phenolate in absolute alcohol gave

the same yield of phenetole as the phenyl ester with sodium

ethylate under the same conditions.

In many cases the yield of sodium salt obtained was higher than

the accompanying yield of phenetole. The ethyl ester with sodium

ethylate in ethyl alcohol was found to give a good yield of

sodium salt. Evidently some of the ethyl ester formed by exchange

of groups reacted with sodium ethylate to give sodium p-toluene-

sulfonate and ethyl ether.





(37)

Bibliography

1. Friedlaender, Fortschritte ier T serfarbenfabri kation IV, 40

2. C. A. 12, 2197 (1918)

3. Ann. 327, 121 (1903)

4. Friedlaender IV, 1261

5. * VI, 1206

6. Ann. 136, 75 (1865)

7. Z. Chem. l> 220 (1865)

8. Ann. 145, 10 (1868)

9. Chem. Zentr . 69, (l ) , 542 (1898)

10. Friedlaender IV, 1262

11 . Ber. Zb t 2255 (1892)

12. Rec. trav. chira. 18, 426 (1899)

13. Ber. 15. 1H4 (1882)

14. C. A. 4, 1746 (1910)

15. Beil stein, Handbuoh der Organischen Chemie 11,132; II, 76

16. Ber. 35, 3207 (1900)

17 . C.A.J, 3488 (1912)

18. J. prakt. Chem. (2) 49, 378 (1894)

19. C. A. 3, 1023 (1909)

20. Ann. 149, 118 (1669)

21. Friedlaender VI, 53

22. « IX, 104

23. « x , 117

24. C. A. 4, 454 (1910

)





*28)

25. C. A. 6, 2075 (1913)

26. C.A.J, 2922 (1912)

27. J. prakt. Chem. (2) 51, 435 (1895)

26, Friedlaender X, 115

29. Ber, J, 963 (1870)

30. Ber. 7, 1157 (1874)

31. C. A. 4, 211 (1910)

32. Am, Chem. J. 23, 237 (1899)

33. Friedlaender VI, 35

34. v, 41

35. I, 592

36. H VI, 665

37 . n VI, 1049

38. n x, 176

39. C. A. 1, 3004 (1907)

40. C. A. i, 3572, (1907)

41. e. A. 2, 2697, (1908)

42. c. A. 2, 545 , (1908)

43. c. A. 3, 435 „ (1909)

44. c. A. 3, 436 , (1909)

45. c. A. 3, 2157, (1909)

46, c. A. i, 322 , (1910)

47. c. A. J, 454 , (1910)

48. c. A. 5i 2069, (1911)

49. c. A. 6, 749 , (1912)

50. c. A. 6, 864 , (1912)





(39)

51 - \j * fi 19 57 (1912)

52 . A

.

6 2600 (1912)

53

.

c. A. 2, 1166, (1913)

54. c. A. 8, 1903, (1914)

55. c. A. 9, 54 , (1915)

56. c. A. 9, 55 , (1915)

57. c. A. 10, 196, (1916)

58. c. A. 10, 903, (1916)

59. c. A. 11,2799, (1917)

60. c. A. 11,2901, (1917)

61. c. A. 12,1193, (1918)

62. Friedlaender VI, 919

63. " VI, 494

64. " VI, 263

65. » IX, 313

66. « XI, 389

67, Ann. 337, 120 (1903)

68. Friedlaender V
, 228

69

.

VI, 79

70. « VI, 264-9

71. VI, 1156

72. VIII ,537

73

.

Eer

.

35, 1439 \x cja j

74. Ber.
.
19, 1833 (1886)

75. Friedlaender IV, 40

76. 0. A. 12, 2197 (1918)





(30)

77 . Z. angevf. Chem. 19, 669 (1906)

78. Bar. 29, R. 185 (1896)

79. Am. Chem. J . J35, 96 (1901

)

80. Ber. 41, 3627 (1908)

81. Ber. 44, 3455 (1911

)

83. Ber. £§, 3492 (1899)

83. Ann. chlro . phys.(6) I, 506 (1884)

84. Cohen, Organic Chemistry I, 195

85. C. A. 7, 2751 (1913)

86. C. A. 5, 3443 (1911)

87. C.A.I, 1376 (1907)

88. Ber. 11, 2066 (1878)

89. Lassar-Cohn, Arbei t smethoden, Spezieller Teil, 642

90. Las3ar-Cohn, 658

91. Weyl, Die Methoden der Organischen Chemie,784

92. Weyl, 768

93. Weyl, 539

94. Friedlaender XT, 978

9 5. Lassar-Cohn, 671

96. " " 673

97. Weyl, 1370

98. Ann. j550, 83 (1906)

99. Ber. 39, 1693 (1906)

100. Ber. 39, 1691 (1906)

101. Ber. 38, 2130 (1905)

102. Ber. 38, 729 (1905)





(31)

103 • Ber. 3 / , oo^ ^.lyu*;

104. Ber. J36, 2382 \iyuo;

105. 38 r . .34, (Si r4 Viyui

;

106. Ann. 332 » 38 viyo4;

1U i . V/0Ocn ( iw
1 Oft r n = xx sic x v xii

,

X Qv./

T HQ n VTT X •>> U

1 1 O11U • u. A. jl^, UD (1907^\X w \J 1 /

TiA csan T-»nnVin fif) ^

1 x O »
n it 7ft

114

.

Wevl . 338

x 1 O • " 1 fiU fJ

lib.

11 r . Ann. igi i «oi ^1 OOo

/

lib • Zt cnem . , 385 vibcy

;

li y

»

Ber. 2 f * <5b2i Vloy4;

120 . Ber. 2y t 11

o

( 1 DO C^vioy o)

121 • Ber. J39, 111 t T CO ^ \Vlby 6;

TOO Ann • i <j1 , ou «? \1 O Dt/

12o • vyonen, loo

Leis3&r—uonn, 6uo

125* Ann. 320, 122 (1902)

126. Ann. 263. 1 (1891)

127. Ber. 38, 725 (1905)

128. Eer. j34, 3802 (1901)





(33)

139. Be rnth3en-Sudbo rough, Textbook of Organic Chemistry, 413

130. Frieilaender XI, 1030

131. « VIII, 476

133, « VIII, 475

133. « III , 51

134. Weyl, 843

135. » 841

136. " 675

137. Z. Chera. 7 , 359 (1871)

138. Ber. 6, 415 (1873)

139. Bull. soc. chim. Paris .33, 437 (1874)

140. Ann. 174, 329 (1874)

141. Bernthsen-Sudborough, 471

143. « »» 353

143. La38ar-Cohn, 808

144. Bernthsen-Sudborough, 413

145. Cohen, 243

146. Lassar-Cohn, 1309

147.. C. A. 9, 1179 (1915)

148. La3sar-Cohn, 1209

149. C. A. 9, 3335 (1915)

150. Friedlaender IX, 539

151. « VIII, 476

153. C. A. 8, 991 (1914)"

153. Ann. 1JB1 , 265 (1876)

154. Ann. 312 , 203 (1883)

155. Ann. 229 , 295 (1885)





(33)

156. Ann. 301, 184 (1880)

157. C. A. 7, 3750 (1913)

158. Friedlasndsr XI, 1131

159. Hollemann, Textbook of Or

160. Ann. 154, 99 Vl 870

;

161. Ber. _30, 1633 U897

)

163. Ann . 34 r , 34 r

163. Ann. 357, 313 V.1907;

164. Ber. _10, 746 U877)

165. Ann. 13?. 178 U866)

166. Weyl, 733

167. C. A. 4, 3306 (1910)

168. Hollemann, 471

169. C. A . 3741 (1913)

170. Lassar-Cohn, 604

171. C. A. 8, 3779 (1914)

173. C. A. 9, 3537 (1915)

173. C. A. 10, 3338 (1916)

174. Friedlaender, VI, 433

175. « VI, 540

176. « VII , 361

177. C. A. S, 3603 (1914)

176. C. A. 9, 3649 (1915)

179. C. A. J7, 3500 (1913)

180. Lassar-Cohn, 636





181. C. A. 9, 614

182. C. A. 1, 388

163. Weyl, 638

184. » 166

185. Cohen, 201

186. Lassar-Cohn, 654

187. " « 1027

188. Helvetjua Chim. Acta III, 361 (1930)

169. Monatsh. 31, 301-17 (1910)

190. Ber. 20, 646 (1887)

191. Monatsh. 14, 479 (1893)

192. Z. physicl. Chem. ,15, 3331 (1891)

193. Z. angew Chern. 11, 338 (1898)

194. Monatsh. 26, 783 (1905)

195. « 14, 479 (1893)

196. « 29, 23 (1908)

197. Ber. .30, 649 (1887)

198. Z. physik. Chem. 49, 336, 345 (1904)

(34)

(1915)

(1907)





(35)

Vita.

Born, Blue Rapids, Kansas, August 14, 1895.

Graduated from Rollins School, Kansas City, Missouri, 1908

Graduated from North Central High School, Spokane, Washing
ton, 1912.

Entered University of Washington, 1913

Iota Sigma Pi , 1915

Phi Beta Kappa, 1915

Senior Scholar, 1915-16

Signa Xi, 1916

B. S. Cum laude, University of Washington, 1916

Teaching Fellow in Chemistry, University of Washington,
1916-17

M . S., University of Washington, 1917

Assistant in Chemistry, University Of Illinois, 1917-19

Fello* in Chemistry, University of Illinois, 1919-20.

Publication

Organic Additive Compounds of Potassium Hydroxide

William M. Dehn and Ruth E. Merlin g. J. Am. Chem. Soc . J39
2646(1917)

.





I

I



UNIVERSITY OF ILLINOIS-URBANA

!3 01 12 08220 \75

f

\


