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 It must be considered for the condensa-
tion polymerization whether ring-monomer 
and -oligomers are stable or not; if -A-
or -A-A- is considerably stable in com-
parison with -A-or -A-A-, such a large 
quantity of the ring-monomer or -dimer 
may be produced that the polymer mole-
cule can not be found in the reaction
product. δ-Aminovaleric acid or δ-valero-

lactam is an instance of the former case 
and a-amino-acid dimer or diketopiperazine 
is that of the latter case. Thus the 
ring-chain equilibrium is not only interest-
ing in the structural chemistry but also 
important for the purpose of polymer 
manufacturing. It is the object of this 
paper to study experimentally the influence
of side chains on ε-caprolactam polymeriza-

tion.

 Results

 Monomethyl-e-caprolactam.-Methyl cyclo_

heganone (b.p.160～170℃)was obtained from

cresol(b.p.190～200℃) through methyl cyclo-

hexanol(b.p.165～175℃) by the usual method.

Methyl-e-caprolactam (b.p.123～124℃/5mmHg)

was prepared from methyl cyclohexanone with

ayield of 75% by Schmidt's method using sodium

azide1). This monosu1)stituted caprolactam, whicll

was a mixture ofα, β, γ, δ and ε-derivative, was

used for the polymerization experiment; the

melting point of the polymer is 164～166℃.

Methyl-e-aminocaproic acid was prepared by the

hydrolysis of methyl-ε-caprolactam.

 About 3 g. of monomethyl-ε-caprolactams was

previously polymerized, with 0.1～0.05 g. of

monomethyl-ε-aminocaproic acid as the catalyst,

by heating in a glass tube at 230℃ for 100 hr.

Then, after the tube was sealed, heating was

continued at 280℃ for 15hr., at 257℃ for 25 hr.,

at 215℃ for 30 hr. or at 182℃ for 30 hr. to reach

the equilibrium at each temperature. The

quantities of lactam-monomer and -oligomers

were measured by the same procedure with that

for the unsubstituted polycapramide2). The

intrinsic viscosity of polymerized contents was

also measured in the cresol solution at 25℃.

The obtained results are shown in Table I.

TABLE I 

ANALYTICAL VALUES OF POLY-MONOMETHYL-

ε-CAPRAMIDE

(L1o or L2o=mole of lactam-monomer or-oligo-
mers in the product in the case that l mol. of

monomer is initially used for polymerization)

 The equilibrium of the reactions con-

cerning lactam-monomer,

(1)

can be expressed by the following equation 
for the high polymeric system2);

(2)

where L1o is the mole number of lactam-
monomer at equilibrium, A the whole 
mole number of the average unit of the 
Brownian motion in the reaction phase, 
k the rate constant of ring-opening reac-
tion, x that of ring-closuring one and K 
the chain-ring equilibrium constant. 
 The values of A were determined by 

the experiment which follows. Mono-
methyl-ε-caprolactam was diluted with

thymol at various ratios and polymerized

at 230℃ for 100 hr.;analytical results for

products are given in Table II. The 
following equation can be applied to the 
increase of L1o with dilution as shown in 
the previous paper3);

(3)

where the mole number of the diluent 

per 1 mol. of the initial lactam-monomer 
is denoted by S and, on assuming that 
1 mol. of lactam polymerizes completely 
into a chain molecule, the mole number
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of the average unit.of the Brownian

motion by α. The data in Table II are

used for Fig.1, which satisfy the equation

3.From Fig.1, α is estimated to be ca.

0.6and consequently the average unit of

the Brownian motion of chain macromole-

cules corresponds to 1.66(=1/0.6)structure

units, i.e. 13.3(=8×1.66) skeleton atoms

or 11.6(=7×1.66)ring-forming atoms.

This value is smaller than 19 skeleton 
atoms for the unsubstituted one3); it means 
that the side chain such as methyl group 
makes the chain-molecules more kinky 
and activities of reaction components 
larger.

Fig. 1. The effect of dilution on 
 the polymerization of monomethyl-e-
 caprolactam.

TAELE II

ANALYTICAL VALUES OF PRODUCTS IN THE

CASE THAT MONOMETHYL-ε-CAPROLACTAM

IS POLYMERIZED UNDER THE DILUTION IN

THYMOL AT 230℃

When there is no diluent,

(4)

The value of α for unsubstituted poly-s-

capramide is hardly changed at all with

the temperature in the range from 200 to

250℃3). On the assumption that α is 0.6,

equilibrium constants K(=xlk) can be 
found by equations 4 and 2; they were 
calculated as given in Table III. The rela-
tion between K and the absolute tempera-
ture T in Fig. 2 is expressed as follows:

(5)

Then the heat of the ring-opening reaction

was estimated to be 2.3 kcal/mol., which 
is smaller than the value 3.5 kcal/mol. for 
the unsubstituted one3).

Fig. 2. The effect of temperature on

the polymerization of monomethyl-

ε-caprolactam.

TABLE III 

EQUILIBRIUM CONSTANTS ON RING-CHAIN 

EQUILIBRIA AT VARIOUS TEMPERATURES

FOR MONOMETHYL-ε-GAPROLAGTAM

(1 mol. of lactam monomer is used for 
polymerization)

 The relation between the intrinsic vis-

cosities in the cresol solution ([η]) and

the number average degrees of polymeriza-
tion (P), which were calculated from the 
numbers of the carboxyl end-group, is 
shown in Fig. 3. The following equation 
can be derived approximately,

where Km is 214 and a is 1.67; these are

Fig. 3. The relation between the degree

 of polymerization of poly-monomethyl-

e-capramide and its intrinsic viscosity

in cresol solution at 25℃.
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 TABLE IV 

ANALYTICAL VALUES FOR POLY-MONOMETHYL-

ε-CAPRAMIDE USING ACETIC AClD TO CONTROL

 THE DEGREE OF POLYMERIZATION

greater than the values of Km(=127) and 
a(=1.44) for the unsubstituted one.4)
N-Methyl-ε-caprolactam.-N-methyl-ε-

caprolactam(b.p.=124℃/123mmHg and

n25D=1.428)was prepared from ε-capro-

1actam by dimethyl sulfuric acid5), and

N-methyl-ε-aminocaproic acid containing

2moles of the water of crystallization

(m.p.69℃) was obtained by the acid

hydrolysis of N-methyl-ε-caprolactam5).

On, heating N-methyl-s-caprolactam at

230℃with water, water and benzoic acid,

or water and ε-aminocaproic acid, no

polymer molecules were obtained. N-

methyl-ε-aminocaproic acid transformed

into N-methyl-e-caprolactam on heating

at 230℃. N-methylol-ε-caprolactam, pre-

Dared from ε一caDrolactam and for皿-

1adehyde5), did not polymerize, either.

These results agree with J. Prochazka's,

that N-substituted caprolactam does not

polymerize6). PQly-N-methyl-ω-hendecan-

amid or-undecanamid has been known7).

Then the reason, why N-derivatives of

ε-caprolactam can not polymerize, seems

to be ascribed to their small ring size.

Dimethyl-e-caprolactam.一The mixture

of α, δ and β, ε-dimethyl ε-caprolactam

(m.p.95～98℃, b.p.110～115℃/5mmHg)

was prepared from p-xylenol through p-di-

methyl cyclohexanol(b.p.179℃), p-di-

methyl cyclohexanone(b.p.80℃/25mmHg)

and its oxime(m.p.97℃)by a process

similar to that for the caprolactam

manufacturing. Dimethyl-ε-aminocaproic

acid(m.p.173～175℃) was obtained by the

hydrolysis of dimethyl ε-caprolactam.

 Dimethyl ε-caprolactam was heated with

catalysts at 230℃ for five hours but did

not polymerize at all. When dimethyl

ε-aminocaproic acid was heated at 230℃

for five hours, it only transformed into 
dimethyl e-caprolactam and no polymer 
was obtained. 
 It is suggested, therefore, when two hydro-

gen atoms on the different carbon atoms in 
e-caprolactam ring are replaced by methyl 
groups, the ring-chain equilibrium shifts 
extremely to the ring-form. Efven by the 
use of amino acid for the starting material, 
it changes into lactam ring by the intra-
molecular condensation; the contribution 
of the intermolecular condensation is too 
small to give the polymer molecule. 
 Hoshino has already published in 
19418) the experiment that mentors isoxime
(methyl isopropyl ε-caprolactam)does no

poly皿erize at all.

Conclusion 

The experimental results on the ring-
chain equilibria for monomethyl ε-capro一

lactam can be analyzed through the same 
procedure with that for the unsubstituted 
one; the substitution shifts the equilibrium 
to the ring-form. The heat of reaction, 
i. e. the energy difference between the 
chain and the ring form for the mono-
methyl derivative is 2.3 kcal/mol., which 
is smaller than 3.5 kcal/mol. for the 
unsubstituted one. 
 For dimethyl and N-methyl or -methylol 

derivatives the equilibria shift too much 
in favor of the ring-form to give polymer 
molecules at high temperatures. When 
amino acids, which are prepared from 
these lactams by hydrolysis, are heated, 
they transform into lactam. The 
theoretical interpretation on these be-
haviors can be made by the intramolecular 
rotational isomers9), which will be reported 
subsequently. The average unit of the 
Brownian motion of chain molecules, i. e. 
the segment, for the monomethyl deriva-
tive is 13.3 skeleton atoms which is smaller 
than 19 skeleton atoms for the unsub-
stituted polycapramide; the substitution 
makes it easier for chain molecules to be 
kinky. 
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could be analyzed by the method similar

to that for ε-caprolactam. For the

monomethyl derivative the equilibrium

shifts to the ring-form and ΔH has been

estimated to be 2.3 kcalJrnol. which is

smaller than ΔH(=3.5 kcal/mol.)for the

unsubstituted. For dimethyl and N-methyl

or-methylol derivatives equilibria shift

too much to the ring-form to give

polymers at high temperatures. The

average unit of the Brownian motion of

polymer chain molecules, i. e. the segment,

for the monomethyl derivative is 13.3 
skeleton atoms which is smaller than 19 
skeleton atoms for unsubstituted poly-
capramide; the substitution makes it 
easier for chain molecules to be kinky. 
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