
STUDIES IN ESTERIFICATION. 

l. ESTERJFlCATlON Of THE CYCLOPARAFflN-MONOCARBOXYLIC ACIDS. 

By G. D. Advani a-fzd j. j. Sudboyough. 

INTRODUCTION. 

In earlier papers on the esterification of carboxylic acids by the 
hydrogen chloride catalytic process attention has been drawn to a 
num ber of points indicating the close relationship between the structure 
of the acid and its rate of esterification. 

Some of the more important generalisations arrived at so far 
are--

I. In· the series of aliphatic saturated normal monobasic acids 
the velocity of esterification diminishes in the order; formic, acetic, 
propionic, It-butyric, but from n-butyric acid onwards the values for 
the velocity constants remain practically the same even up to stearic 
acid. I 

2. The introduction of substituents into the acetic acid 
molecule retards the rate of esterification. Thus, in the case of the 
three compuunds ;-

(a) CHzX'COzI-I 

(6) CHXz'COzH 

(c) CX3 'C02H 

all are esterified less readily than acetic acid, bu~ of the ~hree (a) is 
always esterified most readily a?-d (c) least. readIly i but It does not 
follow that an acid CX3 ' C02 H IS necessanly estenfied more slowly 
than an acid CHYz" COzH. 2 

'Sudbor"ugh and Gittins, J. C'hem. Soc., 1908, 93, 210. n~ 
Z Sllribi)ruugh and Lloyd, ibid., 1899, 75,467; St1dborough and Turner 1912, 101, 2.:11 ; 

(;yr J/(r. 1908, 41, 4322. 



3. The introduction of an olefine linking into the molecule of 
an aliphatic acid has a marked effect upon the velocity of e~terif1cati()n. 
In the 1:2 position with respect to the carboxylic group it producel-l 
a very marked lowering of the velocity constant, in some cases a fall in 
the ratio 40 to 1. In the 2:3 position the olefine linking produces a 
slight accelerating effect, a~d in the 3:4, or any ~ther po?ition further 
removed from the carboxylIc group, the effect IS practIcally Ili!; in 
other words, the velocity constants for the saturated acid and its 
unsaturated analogue are practically the samc. l 

4. The presence of a carboxyl group in the I, 2, or -3 position 
with respect to the carboxylic group has an inhibiting effect, hut 
this is not nearly so marked as that due to a 1:2 olefine linking. :2 

S. In the aromatic series an ortha substituent has a marked 
retarding influence on the rate of esterification,3 and in most cases 
two ortho substituents completely inhibit esterification. 4 

Exceptions are met with in the case of two mono-ortho substitut
ed benzoic acids, viz. o-benzoylbenzoic acid and acetophenone-a
carboxylic acid, CH3 'CO'C6H4'COzH, the latter of \\!hich is esterified 
more readily than benzoic acid itself and the former more readily than 
any other ortho substituted acid examined. s Similarly 3:6-dichloro
and tetrachloro-benzoylbenzoic acids, although di-ortho substituted, 
can be esterified by the catalytic process. 6 

6. In the case of stereoisomeric acids of the crotonic type 
several generalisations have been drawn. 7 The most important of 
these are-

(a) A comparison of a pair of (is, Irans stereoisomeric acids 
of the types :-

X'C'B 
I. Y-C'COzH II. 

I-I -C, X 
Y'C"C()J~ 

shows that the acid (I) in which the substituent X is ill the irall.' 
position with respect to the carboxylic group is esterified more readih' 
than the stereoisomeride (II) in which the substituent X is in the t/, 
position. 

. 1 Sudborotlgh and Roberts, .I;. C~leJlt .. ""or., WI)S, Si, IH40; Suclhor"ll;..:h <lllil TllO!l1:l." 
1~07, 91, ~033; Sud borough antI (,lttms, HiOfj, 95, 315: Sndboro\lgh an<] '1'11"11);1', WII, 99, 
2,,07; Kallan, IfloJlatslt., 1909,28, 1137. 

2 Sttdborough, .I. Chem. Soc., Jn12, 101, 1227 ; KaHan, ,J/{lllatsli., W{)7, 28, 111->7. 
" Rellas, Zeitscfl. physik-at ("Item., IHfJi,24, 221; Goldschmid:, Xei/srll. Hldll'oc!lI:m .. 

IH09, 15,4 ; Sud borough and Turner, J. Chem .. ";ot'., 1912, 101, 237 . 
.. V, Meyer and Sudborough, Bel'. , lHDJ, 27,510, 151)0, 314G. 
5 Sudborol1gh and Turner, J. Ott'lil. Sot:., IH12, 101, '>'39. 
6 Graebc, Ea., 1900,33. 202{). 
7 Sttc1borotlgh and Lloyd, J. CltCIll. ,)(x., lHUH, 73, ~l; Stldh"rul1\~h and Kobert~. l!I1I5, 

87, 1840; Sudborotlgh and Davies, wau, 95, G7S. 
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(b) A trisubstituted acrylic acid, CXY:CZ'C02H is esterified 
extremely slowly. 

(c) A substituent in the I -position with respect to the 
carboxyl group has a more pronounced retarding effect than the same 
substituent in the 2-position either cis or trans. 

7. The effect of a triple linking in the I: 2 position is 
similar to that of an olefine linking in the same position. I 

S. One, two, three or four methyl groups when introduced 
into the molecule of methyl hydrogen succinate have a distinct 
inhibiting effect.2 

As an extension of this work on the relation between constitution 
and rate of esterification of acids we have taken up the study of the 
following points :-.. 

1. How far cloes the closing of the ring and the formation 
of a cyclic structure affect the rate of esterification of an acid, e.g. is 
cyclohexanecarboxylic acid esterified more or less readily than the 
corresponding aliphatic acid, ethylpropylacetic acid. 

/Cr·r,·CI-l,.. /,CH,CH?, 
CI·L~. ~ - "CH'CO H CH - - "CH'CO H 

"'.Cllz'CI-I2 / 2 3 CH3'CHz/ 2 

2. In the case of disubstituted acetic acids is the same pheno
menon met with as in the case of the mono-substituted acids, viz. 
does the effect of an increase in the carbon chain of the substituent 
cease after ethyl, i.c. have diethyl- and dipropylacetic acids the same 
rate of esterification. 

3. A comparison of the rates of esterification of acids of the 
benzoic series and of their hexahydro-derivatives. 

4. Has a 1:2 olefine linking in the molecule of a cyclic acid 
the same retarding effect as in the case of an aliphatic acid, and is 
the effect the same if the I : 2 linking is a semi-cyclic olefine linking? 

The first of these questions is taken up in the present paper and 
the others we hope to discuss later. 

Our object has been to ascertain the effect of the closing of the 
ring on the rate of esterification, and for this purpose we have selected 
the following pairs of acids :---

Cyclopropane-i-carboxylic acid 
CH,· 
r " / CH 'COJ-I 
CHz/ 

l ~l!(.liJOrol1glJ and Gittins, ibid., 1909, 95, 315. 
2 Bone, ,sl1dborongh fLnd ~prallkling, ibid, 1904,85,5:,4. 
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Cyc1obu.tane- I -carboxylic acid 
,C1:-L 

CH / ~ \'CH'CO,H 
. z"" CH2/ " 

Cyclopentane- I -carboxylic acid 
CH,.CH,,\ 

~ " 'CH'CO,H 
CHz'CHz/ " 

Cyc1ohexane- I ~carboxylic acid 

/ CH,CH" 
CHz, w ~ ~CH 'COzI-I 

\.CH 2'CHz/ 

Methylethylacetic acid 

CH"CH" 
3 "\CH'COH 
CH3/ 2 

Diethylacetic acid 
CH.'CH?,\ 

~ " '\ CH 'COoB 
CH,'CI-I,/ " ., -
Ethylpropylacetic acid 

.CI--L-CH 2 
CH / - '\'eB'CO H 

3 CH3'CH 3/ 2 

The only work hitherto published, which has a direct bearing on 
the question of the influence of the closing of the ring on chemical 
reactivity, appears to be that of Menschutkin, I who carried out several 
series of experiments on 'The Velocity of Change in the Polymethy
lene Series', I n one set of experiments a study was made of the ra te:-; 
of esterification of the polymethylene monohydric alcohols--cyclo
pentanol, cyclohexanol and cycloheptanol and their methyl derivatives 
-by heating equimolecular mixtures of the alcohols and acetic 
anhydride in benzene at rooO and ascertaining the amount of acetyl 
derivative formed, The relative values for the constants obtained by 
using the formula 

I X 
K=t' a-x 

where a= 100, x=extent of change per cent, in t minutes an; givell 
in Table I, 

TABLE 1. 

Riltes of Esteriticatio1l 01 Sc(o;utary . .J /co/lOis wi/It /ie-die A JtI'zydridc 
( ll1mscit u II: /It) , 

Cyclic Secondary l\]eO)W) Constant" i\liphfltit' Secoll(lary 1\j,,,11lJl Cc.m~tallt 

I I 
Cyclopentanol ••• i jl;'U l~oprop\,1 alcohol I 13'2 -.. i 

Cyclohexallo] l'i./' l'fetiJyJ propykarl ,ino] 
, 

•• 1 -.. B', 
I 

Cydoheptanol 

~I 
]Ib, ;\·Il.t hy] hexyl (!arlJi IHJ 1 ... ! K'2 

-
l I Clzellt. Soc_, WOG, W, 1532 . 

• 2 The lllllUbers are all comparative a~d are on the ba;;i" of the value for methyl alcoho-. 
lJe1l1g' represented as 100_ 
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I t is clear that in the case of the three cyclic secondary alcohols 
studied the closing of the ring has produced an increased rate of 
reactivity towards acetic anhydride, and that this increase is most 
pronounced in the case of the five-membered ring and least with the 
seven-membered ring. No values are given for secondary alcohols with 
a four or three-membered ring. Cyc1opentanol appears to react with 
acetic anhydride more readily than any other secondary alcohol, whether 
cyclic or aliphatic, e.g. it reacts more readily with the anhydride than 
the simplest aliphatic secondary alcohol, isopropyl alcohol (dimethyl
carbinol). 

CycIohexanol, its 3 and 4-methyl derivatives and the cis and 
t.rtms-3:s-dimethyl derivatives arc all esterified more readily than the 
aliphatic secondary alcohols containing six carbon atoms and almost 
as readily as dimethylcarbinol. 

This increased reactivity produced by the closing of the ring 
does not appear to be restricted to the esterification of alcohols, as in 
another series of experiments it is shown that ring closure has a 
similar effect on the alkylation of amines. The eye] ic amines 
llsed were cyclohexylamine, its 3-methyl, s-methyl-2-isopropyl, 
2: 3:s-trimethyl and I :2:4-trimethyl derivatives. The following 
numbers show that cyclohexylamine has a higher velocity constant 
than either isopropyJamine or methyl-n-propyl-methylamine. 

CH 'CH, 
CH / 2 '·'\CH'NH 

2\CH 'CH / 2 2 2 

CH 
.l CH'NI-J, 

CH,\/ " 
12 57 

CH 'CI-L-CH " 
; " 2 "c H . N I-L 

C 1-1.,/ " 
I 187 

An even more marked effect is noticed when the nitrogen atom 
forms part of the ring system, as shown by a comparison of the 
relative alkylation velocities of piperidine and di-n.-propylhexylamine, 
viz. 20.S75 and 2910. 

The study of ether formation from alcohols also shows that 
ring closing facilitates the reaction as illustrated by the fo11owing 
numbers :---



Menschutkin's researches, therefore, lead to the following COIl

clusion :-
In the reactions-

(a) The esterification of secondary alcohols by acetic anhydride, 

(b) The formation of ethers from secondary alcohols, and 

(c) The alkylation of isoprimary amines of the type 
·CH 2 ,-

'\ CI-I· N H2 
·CH2 / 

a closing of the ring and. the formatio:l of cyc10paraffin deri vati v~~; 
increases the rates at whlch the reactlOns proceed, at any rate III 

the case of cyclopentane, cyclohexane and cycloheptane derivatives. 

II. PREPARATION OP MATERIALS. 

Considerable difficulties were experienced in the preparation of 
the cyc1oparaffin-carboxylic acids, and as several different methods 
were adopted a brief description of these is given. 

A. Cyclopropane- I -carboxylic A tid. 

Perkin's synthesis from ethylene bromide and ethyl sodiomal(J
nate I was first tried, but the yields of the dicarboxylic ester were 
extremely unsatisfactory, varying from 9 to 14 per cent., and at the end 
of several weeks only twenty-five grams of cyclopropane- I: r -dicar
boxylic acid were obtained, which on distillation gave fourteen grams of 
a monobasic acid with a boiling point ranging over 13 0 • . 

Perkin's method of using ethyl sodiocyanoacetate 2 was also used, 
and the yields of ester of the cyclic cyanocarboxylic acid increased to 
55 to 65 per cent. of the theoretical, but as appreciable losses were 
met with in the hydrolysis of this ester the final yields were poor. 
The hydrolysis of the cyclic cyano-ester with aqueous potassium 
hydroxide was also tried but the results were not satisfactory. 

Attempts were also made to prepare the monocarboxylic acid by 
Henry and DaIle's method,:3 which consists of the fo1lowing series of 
reactIOns :-

Trimethylene chlorobromide ---?>- trimethylene chlorocyanide 
~ nitrile of cyclopropane -1- carboxylic acid -7- cyclopropane-I
carboxylic acid. 

1 J. Chem. Soc., 1885,41,815. 2 ibid., 18(1fJ, 75, (1:t1. 
3 Bull. Acad Roy. BelK., 1901, 249; 19(12, .16. 
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As no trimethylene chlorobromide, CICH2'CHz'CH2'Br was 
available when the experiments were started, we substituted tri~ethy
lenc bromide, BrCH3'CH2'CH2'Br, and carried out the following 
serie~ of reactions :---

The trimethylene bromide was prepared from commercial tri
methylene-glycol by heating with constant boiling hydrobromic acid 
and sulphuric acid according to Kamm and Marvel's method. I The 
yields varied from 77-88 per cent. of the theoretical and the boiling 
point was I 58-16 I" under a pressure of 682 mm. 

Bromobutyronitrile was made by: Derick and Hess's modifi
cation2 of Gabriel's method.:! The former authors give the yield of 
nitrile as 42 per cent. of the theoretical, but we have increased this 
to 60-66 per cent. Table II gives the yields obtained in individual 
experiments. 

TABLE II. 

Yields of :l.bromobuf'Y,-onif1'ile, 

I (~rulll:; of Grallls of r Gmmsof 
Grallls of Percentage ! Trimethylene 

Expel"illll'\I!('r I 'l'rimcthylctlc Potml5imll I bromide 
3-hromobutyro of theoretical 

hromitle used cynnide recovered nitrile yield 
I --- - .-- - -- .... . - .. ~ -_ ......... .-. -- -.. .,. --..... --

Derick and HeM; .t04 fiii 175 70 42 

Advuni ... ~OIJ fiS 217 70 

I 
50 

!.In. . .. :wv .u 109 4~1 66 

Do. ..- :WtJ U 112 4.4 60 

VI). ..- 221) su 105 55 64 

The following is a short description of the method :-
A quantity (41 grams) of finely powdered 98-100 per cent. potas

sium cyanide (1'25 molecules) was shaken with 500 cc. of anhydrous 
methyl alcohol until almost completely dissolved, 200 grams of 

1 J. Amer. Chem. S.u., 1920.42,307. 
~ Ibid .• 1918,40,547. :I Ber. 1889, 22, 3336. 

2 



trimethylene bromide (2 mols.) were. added and the wl;:)le hea~e? in a 
reflux apparatus on a water bath for SIX to seven ~ours. ~ he precIpItated 
potassium bromide was removed! :vashed wIth a lIttle a.nhyd~~us 
methyl alcohol, and the alcohol dIstilled off from the filtrate. r he 
residual liquid was dried with calcium chloride and then distilled 
under reduced pressure. The first fraction passed over below 70° at 
I I mm. pressure and consisted of trimethylene bromide and was 
followed by the bromonitrile which boiled at 80-85° under I I mm. 
pressure. 

The next two operations were carried out according to the methods 
of Dalle I and Bruylants,2 using 3-bromobutyronitrile instead of 
the corresponding chI oro-com pound. 

Sixty-five grams of. powdered potassium hydroxide were placed in 
a 200 cc. distilling flask heated in an oil bath at 180° and ninety grams 
of the nitrile were run in drop by drop during the course of 1" 5 hours. 
As soon as the drops began to fall distillate collected and a total of 
twenty-five grams of distillate were obtained in the form of two distinct 
layers. The intermediate compound was not purified, but twenty-five 
grams of finely powdered potassium hydp':ide were added to the total 
distillate and the whole heated over a micro burner for two hours. An 
extremely vigorous reaction took place and on cooling the product 
solidified with the exception of a few ce. of reel-coloured oil. 1\ small 
quantity of water was added and the flask fitted with an air condenser 
heated on the sand bath for two hours. The product was then acidified, 
extracted with ether and the ether removed and the residual oil 
distilled. From ninety grams of the original bromonitrile only ten 
grams of an acid boiling at 176- I 79° under a pressure of 686 mm. were 
obtained, corresponding with a 25 per cent. yield. 

Since the completion of the experimental work just described two 
papers dealing with cydopropanecarboxylic acids have appeared. In 
the first, by Dox and Yoder,3 a modification of Perkin's method is 
de.sc~ibe~ by means of which the yield of ester of the dicarboxylic 
aCId IS raIsed from 27 to 40 per cent. These authors did not hydrolyse 
the ester nor yet prepare the mono carboxylic acid. I n the second 
paper by Jones and Scott 4 experiments are described using ethyl 
malonate and also ethyl cyanoacetate. They recommend the latter, 
a!so efficient stirring and omission of washing to remove colour. The 
YIeld of ethyl I-cyano-cyclopropane-I-carboxylate is given as 76 per 
cent .. of the theoretical as compared with 55-65 per cent. in our 
experIments. They do not give the yields of dibasic acid obtained On 
hydrolysing the cyano-ester, but in preparing the monobasic acid 

1 Rec. t1'av. chim., 1902, 21, 126. 
oJ. Amer. Chem. Soc., 1921,43,2097. 

2 Ibid., 1909, 28,183. 
'Ibid., 1922, 44,413 
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they distilled the dibasic acid under reduced pressure and obtained 
after two distillations eleven grams of monobasic acid boiling at 182-

r84°, corresponding with 47 per cent. of the theoretical yield from the 
dibasic acid. 

Cyclobutan6' I -carboxylic Acid. 

In the earlier experiments Perkin's method I of synthesis was 
adopted. Although the yields of dibasic acid were much better than 
in the case of the cyc1opropanedicarboxylic acid, there were apprecia
ble los!';cs in the conversion of the dibasic into the monobasic acid. 
Experiments were also made using ethyl cyanoacetate in place of ethyl 
malonate but the hydrolysis of the cyanocyc1obutanecarboxylic ester 
did not proceed smoothly. Dox and Yoder's method2 was finally 
adopted and the following is a brief description of the process :-

A solution containing eighty grams of ethyl malonate and 
twenty-three grams of sodium dissolved in 300 cc. of 99 per cent. 
ethyl alcohol was gradually added to r05 grams of trimethylene 
bromide dissolved in 50 CC. of absolute alcohol, and contained in a 
reflux apparatus placed in a water bath at 80° and provided with an 
arrangement for vigorously stirring the mixture. Two hours were 
required for adding the whole of the sodium derivative and the 
stirring was continued for a further period of two hours. At the end 
of this time a few drops of the liquid when diluted with water showed 
only a very slightly alkaline reaction. Most of the alcohol was distilled 
off whilst the stirrer was kept working arid then sufficient water was 
added to dissolve the sodium bromide and the mass extracted five times 
with ether. After washing, drying and removing the ether I 12 

\'rams of residual oil were obtained and were distilled under reduced 
4"') 

pressure when a fraction of seventy grams boiling at 90-r roO under 
<) mm. pressure was isolated and this on redistillation gave forty-nine 
grams of a fragrant smelling oil boiling at roO-IIoo under 12 mm. 
pressure, curresponding with a 50 per cent. yield as compared with 
Dox and Yoder's 42 per cent. 

For hydrolysing the dibasic ester Perk~n's m~thod 'Yas followed. 
Thirty-three grams of the ester were sapol1lfied WIth thIrty grams of 
jJotassium hydroxide dissolved in 20 cc. of water and 180 cc. of 95 per 
cent. alcohol by heating in a reflux apparatus on a boiling water bath 
for three hours. After the usual procedure twenty grams of a solid acid 
melting at J 52- I 540 were obtained, corresponding with a yield of 
83 per cent. of the theoretical, and on distilling the dibasic acid from 

11. Chellt . .';)0£'., 1887, 51, H, 22U. 21. /1Utey. Clwlt. :')OC., 1921, 43,680. 
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a sma1l distilling flask with the aid of a microburner nine wams of an 
acid boiling at 190-192° under 685 mm. pressure were obtamed, corre
sponding with a 65 per cent. yield, so that the yield of monobasic acid 
calculated on theweight of ethyl malonate used is only 27 per cent. of 
the theoretical. 

Cyclopenta1te-J-carboxylic Acid. 

Two methods are available for the preparation of this acjd. One 
by Wislicenus and GartnerI starts with calcium adipate and passes 
through the stages ketone, secondary alcohol, alkyl iodide, nitrile, 
carboxylic acid. The second method due to Haworth and Perkin 2 

consists in the condensation of tetramethylene bromide, I :4-dibromo
butane, with the sodium derivative of ethyl malonate. On account of 
the high price of adipic acid the latter method was selected. Two 
methods are available for preparing the I : 4-dibromobutane. The one 
due to Hamonet 3 makes use of .8-chloropropionic acid which is 
difficult to prepare and hence the second method due to 13 raun and 
Beschke,4 and the starting point of which is trimethylene bromide, was 
adopted. 

I :4·Dibromobuta1l8. 

The preparation of this bromide is tedious, but after several 
weeks' work sixty-five grams were obtained. The various steps in the 
preparation are indicated in the following scheme :-

Trimethylene bromide 
HrCH2 'CH2'CH2Br 

2 3 
~ 3·,Phenoxypropyl cyanide -> 

OPh' CH2' CH2 'CH2' CN 
4 5 

-+ 4-Phenoxy·benzoyl-lt-btttylamille --;;. 
OPh'CH2 'CH2 'CHa'CHz'NHBz 

6 7 
---? 1: 4-Diphenoxy-n-btttane -+ 

OPh'CH2 'CH2 'CH2'CHZ 'OPh 

~-l'hen oxypropyJ IJWlll ide 
OPh'CH2 'CH2'C1I2 Hr 

4-Phen (IXY -tt-lJulylam in t, 
OPh'C!I;J'CII:.!·ClI ~'CH ~'NH ,: 

4-l'hCO<lXY-II- tHllvl \' h lori!!!.· 
OPh'CB:I'CH;J'CH2'CH:l('J 

1 : 4-lJi brolllo-It- butane 
CHaRr'Cllz 'CH:: 'CIlzBr 

As Braun and Beschke do not give yields and experimental details 
for all seven reactions, we record in Table I II the yields we have 
obtained. 

J Annalen, 1893, 275, 333. 
2 Ber" 1893, 26, 2246. 

"ComPl, 1"C/ld., Him, I,U, :146, 
• BeY" 1906,39,4:'157, 



TABLE III. 

Percentag'" yields of products in the different stag-es in preparatimt 
of I : 4-dibromobutane. 

Change Percentage yield 
of product 

I 

No, of Reaction I 
I - ... ---------------------- ---;---------

5 

I; 

7 

: Trimethylene bromide to phenoxy bromide 

Phenoxy bromide to phenoxy cyanide 

Pllen()xy cyanide to benzoyl derivative of 4-phenoxy-
I-butylam inc. 

Benzoyl derivative to 4-phenoxy-butyl chloride 

Phenoxy chloride to diphenoxybutane 

Diphcmoxybutane to 1: 4·cUbromobutane 

65 to 75 

65 to 75 

68 to 80 

50 to 60 -

80 to 90 

60 to 70 

Braun and Beschke report a 70 per cent. yield in reaction 4, a 
quantitative yield in No. 5, but no yield is given for Nos. 6 or 7. 
They give details of reactions I to 4, but no details for reactions 5-7. 
Details for these latter reactions are as follows :-

Eighteen grams of 4-phenoxY-1t-butyl chloride, boiling at 129° 
under a pressure of 4 mm., I were added to a sodium phenoxide solution 
prepared by dissolving 4'6 grams of sodium in 7S cc. of absolute alcohol 
and adding nineteen grams of phenol. The whole was boiled for four 
hours in a reflux apparatus on the water bath, then allowed to cool and 
the solid removed by filtration. The alcoholic filtrate was again boiled 
for four hours, cooled and filtered. The sodium chloride was removed 
from the solid by washing with water, and the yields of diphenoxy 
compound were, from the fi rst operation 75 to 80 per cent. and from 
the second 5 to 10 per cent. of the theoretical. The melting point of the 
uncrystallised product, viz. 98 to 99°, indicated that it was practically 
pure as Braun and Beschke give the melting point as 99° after 
recrystallisation. 

A few experiments were also made with l-chloro-3-hromopropane 
(trimethylene chlorobromide) obtained from Kahlbaum, and it was 
found that in order completely to replace the chlorine by cyanogen it 
was necessary to boil the reaction mixture for twenty-four hours or more 
as compared with eight hours for the phenoxy bromide. Comparative 
experiments proved that it is more convenient first to replace bromine 
by cyanogen and then chlorine by phenoxy, than to replace bromine 
by phenoxy and then chlorine by cyanogen. 

1 Bratm .:mcl Beschke give 1<.170 at 12 n:un, 



The use of I-chloro-3-bromopropane does not appreciably affect 
the final yields; but an important point is that in the first operation, 
whichever it may be, replacement of Br by CN or OPh, there is no 
necessity for using double the theoretical quantity of the chloro
bromide, as was found advisable in the case of trimethylene bromide, 
in order to avoid the formation of large quantities of I: 3 dicyanopro
pane or of r : 3-diphenoxypropane. 

In the final reaction, NO.7, the following process was found to be 
most convenient :-

Twelve grams of the diphenoxybutane and 2S cc. hydrobromic 
acid saturated at 0° (66 per cent. hydrogen bromide) were carefully 
sealed in a thick-walled glass tube and heated at 130- 140° for six to 
eight hours. The yield of r:4-dibromobutane varied from 60 to 70 per 
cent. and a preliminary examination failed to detect the formation of 
4-phenoxybutyl bromide. 

After these experiments were concluded a paper was published 
by Marvel and Tanenbaum I in which improvements ill Braun and 
Beschke's method are described. The first two stages in their prepara
tion are as given above, but their yields are better, viz. 80 to 85 per 
cent. in the first operation and 90 to 94 per cent. in the second. In the 
first reaction instead of using absolute alcohol and sodium they use a 
concentrated aqueous solution of sodium hydroxide, which they add 
drop by drop to a mixture of trimethylene bromide, phenol and water 
which is kept boiling and vigorously stirred. In the secone operation 
they use sodium cyanide and not the potassium salt. Both these 
changes appear to be distinct improvements. In reaction 3 instead of 
reducing the nitrile they convert it into ethyl 4-phenoxy-n-butyrate, 
OPh'CHz'CH2'CHz'COzEt, by refiuxing with a mixture of ethyl 
alcohol and sulphuric acid and obtain an 80 per cent. yield. The 
ester is then reduced by means of sodium and a mixture of alcohol 
and toluene 2 to 4-phenoxy-n-butyl alcohol, the yield being 68 per 
cent. provided the alcohol used is quite free from water, as even small 
amounts of the latter reduce the yield to 40 per cent. The phenoxy
butyl alcohol is converted into a mixture of I :4-dibromobutane 
ancl4-phenoxybutyl bromide, 0 Ph'CH/CHz'CH2'CI-I2 Br, by treatment 
with a mixture of concentrated sulphuric acid and hydrobromic acid 
of constant boiling point or with hydrobromic acid of specific gravity 
I' 57. The yield of the dibromo-compound in this operation is 40 per 
cent. and a 40 per cent. yield of the monobromo-compound is also 
obtained. 

1 J. /lm~r. ChClIl. Soc., 1922,44,2645. 
2 Levelle and Allen, J. bioI. Chml. HH6, 21, 433. 
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The authors mention that they have been able to obtain an 80 to 
8S per cent. yield of 4-phenoxybutylamine by reducing the nitrile with 
sodium in a mixture of alcohol and toluene. If this is correct, then by 
Braun and Beschke's method of directly reducing the nitrile to the 
amine, benzoylating and carrying out the reactions as indicated on p. 50 
the final yield of I: 4-dibromobutane would be 2S to 30 per cent. of the 
theoretical, assuming the yields to be those given by Marvel and 
Tanenbaum, whereas their own method of conversion into the ester 
followed by reduction, etc., give a final yield of only 16 to 20 per cent. 
of the dibromo derivative. 

COJl{fmsatioll 0/1:4-Dibromobuta1Ze witiz Ethyl Sodiomalonate. 

The condensation of ethyl sodiomalonate with pure I :4-dibromo
butane has apparently never been carried out, as the reagent used by 
Perkin contained 25 per cent. of I :5-dibromopentane. The procedure 
we adopted was as follows :-

To a well-cooled r solution of 4'6 grams of sodium in 100 cc. of 
99 per cent. alcohol a mixture of eighteen grams of ethyl malonate and 
twenty-two grams of [:4-clibromobutane was added. The flask was 
finally pJaced in a water bath at 80° and the contents vigorously stirred 
for two to three }1ours, at the end of which time a few drops of the 
liquid when diluted with water showed a neutral reaction. The 
precipitated sodium bromide, the yield of which was theoretical, was 
removed and washed with absolute alcohol. From the alcoholic liquid 
and washings twenty-three grams of an oil were obtained from which 
on distillation twenty grams of a fragrant oil boiling at I 15 to 120° 
under a pressure of r6 mm. were obtained. This corresponds with a 
90 per cent. yield and the residue in the flask which solidified on 
cooling was too small for investigation. 

To hydrolyse the dibasic ester twenty grams of the oil were boiled 
for three hours with twenty grams of potassium hydroxide, 10 cc. of 
water and 50 cc. of methyl alcohol. After removal of the methyl 
alcohol and acidifying the alkaline liquid with hydrochloric acid the 
solution was extracted eight times with ether. The yield of dibasic 
acid was only nine grams corresponding with a 62 per cent. yield. Its 
melting point was 178- I 80°. When thirteen grams of the dibasic acid 
were distilled from a small flask, 8' 5 grams of the monobasic acid, 
cyc1opentane-I-carboxylic acid, were obtained as an oil boiling at 207 
to 2 I 1 0 under a pressure of 687 mm. and corresponding with a 90 
per cent. yield. 

:I. This cQoling wa~ nece~sary as otherwise the reaction was extremely violent and most oj' 
the reaction mixture was ejected from the flask. 
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Ethyl Alcohol.-The alcohol used had a concentration of 98'9 per 
cent. by weight and was dehydrated by repeatedly heating with fresh 
amounts of c~dcium turnings. In the first operation 2' 5 litres of the 
alcohol were boiled in a reflux apparatus for eight hours with twenty 
grams of fresh calcium turnings and the alcohol distilled. The 
process of heating with calcium and distillation was repeated with 
fifteen grams, then with ten grams and finally with 'five grams. 

After the third treatment the~alcohol had the density 

D!S = 0'785 II to 0'78506 
corresponding with 100 per cent. of ethyl alcohol. I After the fourth 
treatment the colour of the alcohol was invariably pale yellow to 
golden yellow and no precipitate of calcium hydroxide could be observ
ed. In all preparations of 100 per cent. alcohol care was taken that 
this stage was reached. 

IV. ESTERIFICATION. 

The thermostat used was the same as the one already described,2 
and was regulated for 25°. 

The method adopted was slightly different from that used by 
Sud borough and Lloyd.:3 A J ena glass bottle, which had been pre
viously kept in contact with hydrochloric acid for some time, was used 
for keeping the main reaction solution and at intervals portions were 
removed for titration by means of a 20 cc. pipette. For this 
purpose standard sodium hydroxide, kept in a bottle protected from 
atmospheric carbon dioxide, was used with phenolphthalein as indicator. 

Goldschmidt 4 was the first to observe the great anticatalytic effect 
of water on esterification and later Goldschmidt and U dbys were able to 
show that the equation for a unimolecular reaction-

K = I It log a/a-x 
never gives constant values when anhydrous alcohol is used. They 
have propounded a theory of esterification of acids according to which 
it is not the free hydrogen ion which is the catalyst but a compound of 
this ion with the alcohol'molecule-

C2Hs'OH + H' ~ C2 Hs'QHH' 
Thus the total hydrogen ions, that is the sum of the free and com
bined ions, remains constant. On the addition of water it is assumed 

]. Bull. Bur. Stanciarcis, 1913, 9, 424. 
2 Cumming, Tt'alls. Faraday Soc., 1911, 1,257; this Jomnal, 1915, I, 110; 1921, 4,185 ~ 

1922, 5, 7. 
,. J. Chem. Soc., 1899, 75,471. 4 Ber., 1896,29,2208 
S Zeitsch. Pltysikal. Clie11Z., 1907,60, 728. 

3 
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that the water molecules tend to rob the complex ions C~ H~'() H H' 
of their hydrogen ions 

C2HS'OHH'+ H 20-+C2H s'OH + H 20H' 
and thus diminish the concentration of the active catalyst 

C2Hs'OHH', 

On these premises they have worked out a complex formula 
which gives more constant values for K, They have also deduced a 
modified form of this equation, viz.-

Ket = (n + r+ a) log a/a-x -X' 11 

where Kc is the constant at concentration c of the catalyst. 

t is the time in hours. 
1Z is the number of gram molecules of water at the beginning. 

r is a constant known as the hydrolytic constant and is equal to 
0'15 in the case of most acids examined by Goldschmidt and Udby. 

a is the original concentration of the organic acid in gram molc
cules per litre. 

X' is the change in concentration of the organic acid expressed 
in gram molecules per litre. 

In our experiments we have used both the ordinary equation for a 
unimolecular reaction, viz., i, and also Goldschmidt and Udby's modi
fied formula ii. As anhydrous alcohol was used, in all our expcri
lTIents the value of 1Z is zero. 

In order to ascertain if our results are directly comparable with 
those of Goldschmidt and Udby we have determined the esterification 
constant of propionic acid and compared our values with theirs. 
With a. concentration of hydrogen chloride of 0'02 N. we obtained the 
value 0'547 calculated for 0'1 N. catalyst, and using 0'1 N. hydrogen 
chloride a value 0'530, Using this latter concentration of cataly~t 
Goldschmidt obtained the value 0'550, so that the two values agree 
'Within about 3'5 per cent. 

In Tables V-XIII the various columns I to 5 indicate-
COLUMN 

I Time in hours, 
2 Value of a-x in cc. 
3 Percentage conversion into ester. 
4 Value of K calculated from equation i. 
5 Value of K calculated from equation ii. 
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A = Normality of the organic acid. 
B == Normality of the alkali used for titration. 
C = Normality of the hydrogen chloride. 

a= Number of cc. of the alkali required for neutralising the 
organic acid in 20 cc. of solution at zero time. 

V, PROPIONIC ACID, 

1 2 - =-

A=O'0986 N, C""O'0199 N, A-0-0850 N_ 
B=0'0677 N. a=29'15, B=O-0684 N, 

1 2 ~ 4 5 1 2 3 

--
I I 0 29'15 

I 
.. , ... .. , 0 24'S5 .. , 

'5 i 20'77 28-7 0'2940 0'111 -I 17-65 29-0 
'75 17-87 i 38'7 0-2832 0'111 -2 12-95 47-9 
1 15'67 46'2 0-2694 0'111 '3 9'75 61'8 
I' 2:; 13'57 ! 53'4 0'2552 0-104 '5 5'85 76'S 
1'75 10'62 I 63-6 0'2504 0'108 -7 3'60 85'S I 

2 i 9-42 
i 

G7'7 0-2452 0-107 '9 2'20 91'1 
2'25 I 8'3~ ! 70'S 0'2420 0'107 1'1 1'40 94'4 
4'25 I 3'52 87'U 0'2160 I 0'109 1'5 0'70 97'2 

I , I 

Mean value of K=O'109 '" 0'557 

Mean val ue calculated 

for 0'1 N, catalyst==O'S47 == 0'530 

VI. ISOBUTYRIC ACID, 

2 

A=O'0988 N, C==O'0215 N, A=O-0983 N, 
B",O'0677 N, a ... 29'2, B=O'0677 N, 

1 2 3 4 5 1 2 3 

----~ .. -... ---,~-.. "----~.-. 
r 

() 2fJ-2 ", ... ... 0 

I 
29'05 ... 

()'S 26'] 10'6 0'0976 0'0349 1 23'50 19'1 
1'0 23'55 lU'4 0'0934 0'0320 2 19'50 34'3 
1'5 21-40 26'7 0'0900 0'0340 3 4.6'40 43'S 
2'0 HJ'S 33'2 0'0877 0'0339 4 14'00 51'S 
2'5 17'85 SH'D 0'0852 0'0334 5 12'05 58'S 
::N) 16'45 43'7 0'0831 0'0333 G 10'40 64'2 
3'5 1.5'25 '!7'l-\ 0'0806 0'0328 7 g'OO 69'0 
·1'0 14'15 51'6 0'0787 0'0324 8 7'90 72'S 
5'0 12'15 , 5H'4 0'0762 0'0321 I 

, I --
Mean value of K=O'0331 ",0'0326 

Mean value c~llculatec1 

for 0'1 N, catalyst=O'156 -0'156 

I 

C",,0-1045 N. 
a=24'85. 

4 5 

.. , .. , 
J-477 0'555 
1'415 0'563 
1'355 0'561 
1'256 0'550 
1'199 0'547 
1'170 0'547 
1'136 0'542 
1'037 ... 

C .. 0-02 06 N. 
5. a.,.29'O. 

4 

, .. 
0'0920 
0'0866 
0'0828 
0'0793 
0'0764 
0'0744 
0'0727 
0'0707 

0'0336 
0'0334 
0-0331 
0'0326 
0'0322 
0'0321 
0'0319 
0'0318 
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A=0-1002 N, C-O'0208 N, 
B~O'0677 N, a",29-60, 

1 2 3 4 5 

I 
I 

1 27'65 0'6 .. , i I .. , 

3 23'00 22'3 0'0365 ! 0'0342 
4 21'35 27'9 0'0330 I O'033l 
S 19'75 33'3 0'0351 I 0'0335 
7 17'00 42'6 0'0344 i 0'0331 
9 14'65 50'S O'033n i 0'0330 

10 13'65 53'D 0'0336 i O'032D 
11 12'75 

I 
55'() 0'0333 , 0'0327 

20 7'00 ) 76'3 0'0313 i 0'0318 
I 

Mean vuhle of K=O'0330 

Mean vall1e calcl1lated for ... 0'160 
O'lN, catalyst . 

1 

2 
:-; 
·1 
,r:; 
Ij 

H 
JO 

I 

A ... O'1002 N, 
E-O'Olin N 

2 
.. _- .. -".-. 

I 
i 

, 

2S'I.~ 
23'30 
:!1 'f!O 
20' If) 
IH'70 
lfj'ZO 
H'15 

. 
I 

IS'O 
21'~ 
27'0 
32'1 
::If,'}> 
·15-:, 
5"-') 

",,{)'1m! • 

... O'lS2, 

1 

VII. METHYLETHYLACETIC AClI), 

2-5 
3-5 
4'5 
0-0 
7'0 
8-0 

10-0 
12'0 
24-5 

1 

1 
2 
3 
4 
5 

1 

A=O'0907 N, 
B=O'0677 N, 

2 

-._-...... 

18-~JO 29'S 
16-80 37-S 
IS-OS 43-9 
12'90 51-9 
11-70 S6'3 
10"70 61'1 

g-OO 

I 
66-4 

7' 5.'5 71-S 
3-80 88'7 

3 

A=O'0906 N, 
B",,0-0684 N, 

2 

C =O'OS08_ N_ 
a",,2G'Il_ 

4 
.. -- ... - ........ __ .• ,,,._-_., .... 

0'0636 0-0237 
0'0619 0-0234 
O'OS87 0'0227 
0-0560 0-0221 
0-0533 0-0216 
0'0520 0'0214 
0-0481 O'020Z 
0'0466 0-0198 
0-0445 _ .. 

C=0-14GQ N_ 
a=26-S 

4 

2',5 
:;-5 
·l-S 
(i'O 
7-n 
!J'I) 

!(H) 
lZ-0 
24'S 

A",,(j'Ol-lHlj :-:, 
g-O'Ofm ~, 

:l 

.. ~.",.-

H!'4f1 2.;-,1 
H:!'ZO 30'0 
Ui-ZO :~i- i 
j,I',';5 :14-1/ 
12-4S .'iZ'j 
1l'2!) 51,'7 

I ~H,o (';1-1 
H'BO (;;"1'\ 
7-GO ill'H 

: 

4 

A",.O'{)[J()I; :,\, 
B-O-()6H·! ~. 

17'/ 
!is' 1 
(;5-;, 
i3'Z 
lli'S 

2 ;i 

: 

(,,,,,O'OZOH :-:, 
<I '" 2!N,O, 

., 

f)'US;;·' 
l)'frW; 
n'o'lIZ 
O'(J::I:~'; 
()'(j3:13 
0'0,127 
/I'O:l:t 1 

! ll)'o:m~;l 
. [I)'OS(),~J 

/j'n:!:?2 
: IHISlX 

O'O:W; 
0'11311; 
!J Wll:! 

C "",n-fl.'in;~ :-:_ 
,I ""2ii'0_ 

I 

ii'IJf;:~I; (1-/1237 
I)-(){;W O'O:!3-1 
(J-0587 I)-o:m 
O'(lS(;() IN)2:?l 
n'05~:l O-O:W, 
()'(j52U ()'02H 
(NWil O'(J'LllZ 
0' (14f;fi O-Ol!lX 
0'1/,1·15 '" 

(' (j·I,,1I;II:'\. 
II '" 21;';; 

11'I'B·1 
I)-I :i!.I' I 
l) l:!Hi 
n'12711 
O'l! :!1 

11'fHd l , 
O'05i(1 
II'OSI,Il 
'i (1.:;51; 
O'OS:';,; 

Mean val u(: of K '" O'021H 0'0222 0'05(;5 1;'0551 
Mean value caleulated for 0-1 N _ catalyst =O'042H 0'0437 0'0:187 fr03!)1) 
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2 
R 

24 
4H 
72 

]20 

1 

12 
24 
:,(; 
48 
IlfJ 
72 
84 

108 
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VIII, D1ETHYLACETIC ACID, 

1 2 

A-O'1005 N, C",O'0194 N, A ... O'1005 N, 
B=(J'0677 N, a=29'7, B=O'0677 N, 

2 :I 4 5 1 2 3 

I I I I I 20' Hi I .. , .. ' .. , 0 29'70 
I 

.. , 
r 28'21 ... 2 29'31 .. , 

26'36 i 11'2 ! 0'00215 O'OC0771 8 28'60 .. ' 
23'86 19'H I 0'00198 0'000729 24 26'36 11'2 
21'7G 26'7 I 0'00188 o'ooono 48 23'86 19'8 
18'51 :17'7 I 0'00171 I 0'000678 72 21'66 27'1 

I 120 18'16 38'9 
I i 168 15'41 48'1 
I I 264 11'51 61'2 I I I 

J 

A=O'1l53 N, C""O'050H N, A~O'0869 N, 
B",,(j'Ofm N, a=34'05, B""O'0684 N, 

2 3 4 5 1 2 3 

! 

2U'70 Hi'7 : 0'00494 0'00179 5 21'70 14'4 
25'85 24'1 I 0'00498 0'00188 22 14'50 42'9 
23'50 :31'0 0'00447 0'00174 33 19'75 57'7 
21'10 38'0 , 0'00433 0'00173 45'5 8'15 67'2 
W'lf) 43'S ' 0'00419 0'00172 n 4'70 81'S 
17'GO 49'3 i 0'00398 0'00166 

i 
15'S" 53'5 • 0'00395 0'00177 
13'15 : 61'4 i 0'00383 0'00168 

, i 

5 

A, B, C and a a~ iu No, 4. 

fJ 
22 
33 
41'i 
71 

2 

19'60 
14'5 
10'80 
S'OO 
4'!J() 

3 

22'S 
4Z'fJ 
57'5 
6S'(j 
~.O-:' 

2 

4 

0'0125 
0'6111 
0'0113 
0'0109 
0'0103 

C=O'0194 N, 
a-29'7, 

4 5 

.. , .. , 

.. ' .. , 

.. ' .. ' 
0'00215 0'000778 
0'00198 0'000729 
0'00190 o'ooon8 
0'00178 0'000702 
0'00169 0'000707 
0'00156 0'000667 

C=O 1460 N, 
a=2S'40, 

4 5 

0'0135 0'004 
0'0111 0'0043 

88 
7 
6 
7 
2 

0'0113 0'0046 
0'0108 0'0045 
0'0101 0'0045 

5 

0'00462 
0'00437 
0'00466 
0'00467 
0'00464 

4 5 
~Iean value of K", 0'000722 Q'000725 0'00175 0'00453 0'00459 

Mean value calculated for 0'1 N, catalyst = 0'00372 0'00374 0'00344 0'00312 0'00314 
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IX, ETflYLPROPYLACETIC ACID, 

1 2 

A=O'1l36 N, C""O'1l05 N, A=O'1l36 N, C""O'l069 N, 
B-O'0684 N, a=33'20, B=0'0684 N, a=33'20, 

1 2 3 4 5 1 2 3 4 5 

I 
i 

27'8 0'00887 0'00290 24 20'70 37'6 0'00855 0'00341 16 i 23'95 
48 14'00 57'7 0'00781 0'00333 31 18'55 44'1 0'00815 0'00353 
67 10'60 I 68'1 0'00740 0'00334 48 14'45 57'4 0'00772 0'00332 
81 8'70 

I 
73'8 0'00718 0'00333 73 9'70 71'8 0'00732 0'00334 

119'25 6'80 81'6 0'00617 0'00297 117'5 4'95 85'1 I 0'00703 0'00344 
i 

3 4 . 
A ... O'1368 N, C .. 0·3256 N, A=O'2121 N. (;=0'3256 N, 
B=O'0684 N. a=10'OO, B=O'0684 N, a-IS'SO, 

1 2 3 4 5 1 2 3 4 5 

I 
I 

I 
-

9'5 6'10 39'0 0'0226 0'0093 9 9'70 37'4 0'0226 0'0100 
22 3'40 66'0 0'0217 0'0102 22 6'60 63'9 0'0201 0'0106 
28'25 2'50 

I 
75'0 0'0213 0'0104 28 4'30 

\ 

73'3 0'0198 0'0110 
47 1'10 89'0 0'0204 0'0108 47 1'90 87'7 0'0196 0'0123 I 

I 

1 2 3 4 
Mean value of K=O'00335 0'00341 0'0105 0'0105, 

Mean value calculated for 0'1 N, catalyst""O'00303 0'00319 0'00322 0'00322, 

X, CYCLOPROPANE.I-CARBOXYLIC ACID. 

1 2 

A=O'0962 N, C=O'0202 N, 
A, B, C, and a as in No, 1. B=O'0677 N. a= 28'40, 

1 2 3 4 5 1 2 3 4 5 

I -_. __ ._._-----_._-_ .. _-- --
0'5 27'72 I 2'4 0'0210 1 27'07 4'7 I .. , I 0'0208 0'00729 1 27'12 4'5 0'0201 0'00707 3 24'82 1l'5 0'0195 0'00701 3 24'87 ! 11'4 0'0192 0'00690 5 22'87 19'5 0'0188 0'00692 5 22'87 19'5 0'0188 0'00692 8 20'38 28'2 0'0180 0'00682 8 20'28 I 28'6 0'0]83 0'00695 11 18'22 35'8 0'0175 0'00680 11 18'22 I 35'8 0'0175 0'00680 14 16'42 42'2 0'0170 0'00675 14 16'37 

I 
42'4 0'0170 0'00675 17 14'S7 47'6 I 0'0165 0'00673 17 14'82 47'8 0'0166 0'00673 24 11'92 58'0 

I 
0'0157 0'00670 24 U'S7 5S'2 0'0158 0'00663 36 8'37 70'S 0'0147 36 8'52 I 70'0 0'0145 ... ... '" .. , 

! '" '" ... 
I , 
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3 

A=O'0990 N, C=O'1094 N, 
B=O'0684 N, a~28'95, 

1 2 3 4 5 

1'0 
l-

23'55 18'7 0'0897 0'0330 
2'0 19'55 32'5 0'0853 0'0353 
S'O 16'25 43'9 0'0836 0'0338 
4'0 13'65 52'9 0'0817 0'0335 
5'0 11'60 59'9 0'0794 0'0337 
1).0 9'85 66'0 0'0781 0'0339 
7'0 7'45 74'3 0'0786 0'0340 
~J' 5 5'35 81'S 0'0772 0'0357 

ll'5 4'30 85'2 0'0720 0'0340 

4 5 

A=0'0739 N. C=O'lOGI N, A, B, C ancl a same as in No, 4, 
g",O'0684 N. a=21'G, 

1 2 3 4 5 1 2 3 4 5 

---·-----1---
I 0'5 18'60 

I 
13'U I 0'1300 0'0464 1 16'80 22'2 0'1092 0'0399 

1'5 15'50 28'3 0'0960 0'0356 2 13'90 35'7 0'0958 0'0362 
2'5 12'80 1 40'7 0'0910 0'0356 3 11'55 46'S 0'0906 0'0353 
3'5 10'60 I 5NJ 0'0884 0'0348 4 9'65 55'3 0'0875 0'0349 
G'O (j'I;O : 68'S 0'0837 0'0347 6 6'80 68'5 0'0837 C'0347 

I 

1 2 3 4 5 

Mean value of K""O'00684 0'00680 0'0341 0'0352 0'0353, 

.Mean v~lltW c(llcnbted for 0'1 N cataly~t-0'033fJ 0'0337 0'032,1 0'0332 0'0332, 

XI, CYCLOBUTANB-I-CARBOXYLIC ACID. 

2 

A-O'l00S N, C .. O'0193 N, A .. O'l041 N, C=O'0193 N, 
H",O'Oim N, a=29'68, B=O'0677 N, a ~ 30'78, 

1 2 3 4 5 1 2 3 4 5 

-_._-- -'--"'-'-'-'--, 
1'0 16'10 45'S 0'2657 0'107 0'25 25'85 1G'O 0'3028 0'110 
1'25 14'20 52'2 0'2552 0'105 ~'S 22'20 27'9 0'2836 0-108 
1-5 , 12'50 57-0 0-2504 0-106 0'75 19'35 37'1 0'2687 0'108 , 
1-75 ll-OO 63-0 0-2460 0-106 1'0 17'00 43-5 0-2578 0'105 
2-0 9'85 66'S 0-2396 0-105 1'5 13-10 5N 0-2472 0'105 
2'5 ! 7-90 73-4 0'2299 0-103 2-0 10'40 66-2 0'2356 0-103 
3'0 , G'30 78'3 0-2244 0'103 2-5 8'35 72'9 0'2266 0-103 
4-0 I 4-75 84-0 0'1989 0-094 3-0 6-75 78'1 0'2196 0-101 
S-O 2-85 HO'4 0'2015 0-098 6-0 2'15 92'S 0'1900 0-095 

I 
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A=O'0809 N, 
B==O'0684 N, 

1 2 3 

0'1 16'65 29'6 I 
0'3 8'95 62'1 I 
0'5 5'10 78'4 
0'6 3'85 83'7 
0'7 2'95 87'S 
1'0 1'35 94'3 

1 

Mean value of KcO'10S 

Mean value calculatecl for 0'1 N, catnlyst .. O'544 

3 

4 

1'524 
1'407 
1'332 
1'313 
1'291 
1'244 

2 

O'10S 

0'544 

C ... 0']069 N, 
a=23'oS, 

3 

0'582, 

0'544. 

S 

.. -~"'------

0'570 
O'5&J 
0'582 
0'585 
0'5811 
O'S87 

XII. CYCLOPENTANE-I-CARBOXYLIC ACID, 

1 

A ... O'0811 N. C= 0'0192 N, 
B-O'0684 N, a=23'70, 

1 2 ! 3 4 5 1 

1 18'00 24'0 0'1194 0'0441 1 
2 14'20 40'1 0'1112 00430 2 
4 9'30 60'8 0'1015 0'0418 3 
7 5'20 78'1 0'0941 0'0388 4 

3 

A-O'0960 N, C ... O'U05N, 
B=O'0684 N, a-2S'OS, 

1 2 3 4 5 1 

0'25 20'25 27'S 0'5660 0'216 0'251 
0'5 15'20 45'S 0'5324 0'215 0'5 I 
O'7.'i 11'45 59'2 0'5192 0'214 

O'7f I 1'25 6'90 75-4 0'4872 0'218 
i 

1 

Meau'value of K ... O'0429 

Mean value calculated for 0'1 N. catalyst=O'223 

2 

A, B, C nnd 1/ :1!; in No, I 

2 3 4 S 

-
18'20 23'2 ; l)'U4G O'O,l3ii 
1'1'40 39'2 O'lOH2 

, 
1)'0427 , 

n'60 51'0 O'W:!4 0'0422 
[)'50 59'U i O'OUH2 I 0'041G 

i 
, , , -

4 

A, B, C nnel a as in No, :3, 

2 3 4 5 

-~-" .... -"-. "-~' .- " •.. _ .. _-- .... ---.. -.--.. ~ .. , 

20'10 28'3 
15'20 45'S 
11'60 
8'95 

I 

2 

0'0425 

0'222 

58'6 
68'3 

0'5792 
0'5324 
O'5ll2 
0'4986 

3 

O'2W 

0'196 

! 
I 
i 
, 

0'219 
O'21S 
0'214 
0'217 

4 

0'216, 



XIII. CYCLOHEXANE-I-CARBOXYLIC ACID. 

A = 0'0954 N, C= 0'0212 N. 
B = 0'0677 N, a=2S'20, 

1 2 :{ 4 5 
--_ . ... ~~.---.-

1 24'74 
2 22'14 
3 19'89 
4 18'04 
6 14'94. 
l:l 12'54 

10 10'59 
I 

12'3 0'0568 
21'S 0'0525 
2~)'5 0'0505 
:16'0 0'0485 
47'0 0'0459 
55'S 0'0440 
G2'4 0'0425 

A ... 0'1039 N, 

B=O'0677 N, 

2 

0'0204 
0'0195 
0'0192 
0'0188 
0'0182 
0'0182 
0'0181 

2 

A=0'0963 N. 
B=O'0677 N. 

1 2 3 

2 22'70 21'2 
4 18'65 34'S 
6 15'55 45'4 
8 13'20 53'6 

10 11'20 60'6 
12 9'60 66'3 
14 8'40 71'5 

, 

3 

c- 0'1054 N, 

a==30'70, 

3 4 

c= 0'0209 N, 
a=28'45, 

4 5 

0'0490 00186 
0'0459 0'0181 
0'0437 0'0177 
0'0417 0'0174 
0'0419 0'0181 
00406 0'0178 
0'0382 0'0170 

5 

.. _ .... _--_ ..... _.--_._----_ .. ,-------.,--------
0'5 
11'75 
1'0 
1'5 
2'0 
~'5 
3'5 
5'0 
7'0 

2:l'75 
:n'05 
IH'70 
14'85 
12'15 
9'85 
6-85 
4'25 
2',')5 

22'6 
:n'4 
39'1 
51'6 
60'S 
67'9 
77'7 
86'2 
91'7 

1 

Mean valt1e of K=O'0183 

~!C:L11 valtH.: calctlJated for 0'1 N, catalyst~O'0863 

0'2230 
0-2184 
0'2153 
0-2102 
0'2013 
0'1974 
0-1861 
0'1718 
0'1720 

2 

0'0178 

0'0852 

0'0836 
0'0846 
0'0855 
0'0868 
0'0866 
0'0874 
0'0861 
0'0828 
0'0872 

3 

0'0856, 

0'0812, 

Table XIV gives the mean values of K calculated for o'IN. 
catalyst and using approximately o· IN. catalyst for the reaction for the 
different acids as calculated by Goldschmidt and Udby's formula and 
arranged in descending order of magnitude. In the same table are 
given the values for the dissociation constants of the acids multiplied 
by ro s. 



Acid 

Cyclobutane·l-carboxylic acid 

Cyclopentane-l-carboxylic acid 

Iso butyric acid 

Cyclohexane-l-carboxylic acid 

Methylethylacetic acid 

Cyclopropane-I-carboxylic acid 

Diethylacetic acid 

Ethylpropylacetic acid 

64 

TABLE XIV. 

Velocity 
Constant K 

._-_. __ ._------.. .- - ..... 
I 

0'5014 

O'19G 

O'lS!i 

0'0812 

0'038·1 

0'0324 

(J'003!:! 

0'00311 

Dissociation 
Constant x 10' 

1'82 1 

1'26 3 

1'44 4 

----.----

DISCUSSION OF RESULTS. 

I. .The values for propionic acid prove that the values given in 
. this paper are directly comparable with those given by Goldschmidt 
and Udby. 

2. The values recorded in the Tables V-X II I confirm Gold
schmidt and Udby's conclusion that when their equation 

K = I let [(1Z+ r+ a) log a:'a-x -x] 

is used, the results vary somewhat with the concentration of the 
hydrogen chloride used as catalyst. With 0'02 N. hydrogen chloride 
the values for" K tend to diminish as the time increases; with o' r N, 
catalyst the values are fairly constant or slightly irregular, but with 
more concentrated hydrogen chloride, e.g. above 0'2 N" the tendency 
is for the values of K to increase with the time. 

3. They also confirm another conclusion drawn by Goldschmidt 
and Udby, viz. that the constant is not absolutely proportional to the 
concentration of the catalyst. With lower concentrations of catalyst, 
e.g. 0'02 N., the constants are relatively higher than with o' r N. 
solution. 

1 Walker, J. Chem. Soc., 1892, 61, 705. 
2 Billitzer, Zeitsch. p/lJlsikal. Cllem" 1902, 40, 54:C. 
3 Lumsden, J. C/iem. Soc., 190.5,87, 90. 
o Daile, Bult. Acad. my. Belg., 1902, :3fi. 



4· It will be noted, however, that in the case of an acid which 
esterifies rapidly the constants obtained with a 0'02 N. catalyst do not 
tend to fall to the same extent as in the slower reactions; It is, there
fore, probable that the increase or decrease of the values of K with the 
time is rather a question of time than of concentration of the catalyst. 

A diminution with an increase in the time might be due to a 
diminution of the concentration of the catalyst due to the formation of 
ethyl chloride and water, but blank experiments made at 25° with ethyl 
alcohol and hydrogen chloride showed no diminution in acidity even 
after several days. 

5. In the case of the disubstituted acetic acids examined, 
isobutyric acid is esterified most readily and diethyl and ethylpropyl 
least readily. Apparently the methyl group has the smallest inhibiting 
effect and the ethyl and n:-propyl groups have practically the same 
effect. This is in harmony with the fact previously established that 
in the case of the normal fatty acids an ethyl or 1t-propyl or any longer 
normal chain produces the sa:me lowering of the rate of esterification 
of acetic acid. 

We intend determining the esterification constants of the following 
series of acids in order to make quite sure that the same generalisa
tion applies to the disubstituted acetic acid 

Methylpropyl, dipropyl, methylhexyl. 

6. The constants for the cyclic acids and those of the 
corresponding disubstituted acetic acids provide several interesting 
comparisons. 

0'°°3 1 

0'0°3 1 

0'081 



These give the ratios-

Tri-ring 
Tetra" 
Penta " 
Hexa " 

66 

Cyclic 
acid 

0'25 
13 
80 
28 

C orresjJOJtdi7tg' 
saturated acid 

I 

These results are in harmony with Menschutkin's on the acetylation 
of alcohols in so far as the greatest increase in the constants is noticed 
in the pentamet~ylene seri~s 31nd. de~reases.in the hexameth.ylene. In 
our series there IS also a dlmmutlon 111 the mcrease on passmg to the 
cyclobutane series, but no comparison i? possibl~ with the results of 
acetylation of alcohols as Menschutkm exammed no cyclobutane 
derivatives. 

The most marked case is that of the cyclopropane series where 
the closing of the ring has actually produced a diminution in the rate 
of esterification. 

7· If the cyclic acids alone are considered the ratios are as 
follows :-

Cyclopropane-carboxylic acid 1 

" 
butane- " " 

16 

" 
pentane- " " 7 

" 
hexane-

" " 3 

In other words the cyclobutane acid has the highest constant 
followed in order by the cyclopentane and hexane and propane acid. 

It would be extremely interesting to extend the reactions examined 
by Menschutkin in the case of cyc1opentane, cyc10hexane and cyclo
heptane derivatives to the corresponding cyclic butane and propane 
compounds, in order to ascertain whether in these cases also the 
cyclopropane compounds occupy an anomalous position. 

It is known that a I: 2-01efine linking has a marked effect on 
reducing the rate of esterification of a carboxylic acid, but as the 
unsaturated acids corresponding with cyclopropane-carboxylic acid, 
viz. vinylacetic acid, CH2:CH 'CH2'COzH and the crotonic acids 
CH3'CH:CH'C02H are well known, the possibility of the four having 
an unsaturated structure appears to be out of the question, 

According to Thorpe and Deshapande, I Ingold, Perren and 
Thorpe 2 and also Power and Barrowcliff 3 certain cyclopropane 

1J. Chem. Soc., 1922, 121,1430. "Ibid., p. 1767. 
" Ibid., 1905, 87, 884; 1907, 91, 557. 



derivatives exist as tautomerides and it is possible that the low value 
for the esterification constant of cyclopropane·I.carboxylic acid may 
be attributed to tautomeric change of this type. 

The abnormal esterification constant for the cyclopropane acid 
induced us to determine the constants of two different samples of the 
acid prepared by two different methods, viz. Perkin's and Henry's, 
but both, when carefully fractionated, gave the same results. 

8. In Table VI, 3 and 4, an alcohol was used, the density of 
which D~5 =0'78631, indicated the presence of 99'45 per cent. of alcohol 
and o' 5 5 per cent. of water or o· 24 mols. per litre. The values of k 
obtained by using the ordinary equation for a unimolecular reaction, 
are only about one-third of those obtained when absolute (100 per 
cent.) alcohol is used. The results also show that as the reaction 
proceeds the value of k does not decrease so rapidly as when absolute 
alcohol is employed. 

Department of Gmeraf mtd Organic Chemistry, 
btdia1t btStitttte of ScieltCe, 

Ba1/-e-afore. 


