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CHAPTER I. 

I. MIGRATION OF METHYL GROUPS. 

When tetraglycine methyl es'.er is heated at 100° C a decrease in 

methoxyl content is observed, mainly after an induction period of about 

200 hours. The reaction is virtually finished after 600 hours. Previous 

powdering of the ester crys'.als slightly reduces the induction period. The 

reaction product mainly consists of a mixture of tetraglycine, N-methyl

glycyl-triglycine (sarcosyl-triglycine) and N-dimethylglycyl-triglycine. 

When alanyl-triglycine methyl ester is heated at 100° C the induction 

period extends over several months. 

Introduction. 
When heating the methyl ester of triglycine (G~me) at 100° C 

Fischer 2 ) obtained hexaglycine methyl ester ( G 6me) 3 ) formed 

according to: 

2 H 2N-CH2-CO-NH-CH2-CO-NH-CH2-COOCH3 ~ 

~ H 2N-CH2-CO-(NH-CH2-C0) 4-NH-CH2-COOCH3 + CH,PH 

besides an amorphous insoluble product, which .he did not analyse. 

As methanol escapes, these reactions are attended by a loss in weight. 

The ethyl ester of G:i 4 ) ( G~et) and the methyl ester of alanyl-

diglycine 5) (AG2me) treated in the same way yielded the ethyl ester 

of hexaglycine and the methyl ester of alanyl-diglycyl-alanyl

diglycine. 

1) A preliminary account of this and the next paper has been given (Rec. tr av. 

chim. 69, 858 ( 1950)). 

2) E. Fischer, Ber. 39, 453 ( 1906). 

3) These peptides will be designated as G3 , G4 etc. and their esters as G3me, 

G4me etc. (cf. Pacsu fl}). 
4 ) E. Fischer, Ber. 37, 2486 (1904). 
5 ) E. Fischer, Ber. 39, 2893 (1906). 



Pacsu n) investigated the behaviour of G 3me and AG2me at elevated 
temperatures using methoxyl determinations for measuring changes. 
Some of his data have been plotted in figures 1 and 4. From G 3me 
an amorphous water-insoluble product. formed by polycondensation, 
was obtained. 

When heating the tetrapeptide esters G 4 me and G 4et (at 100--
1100 C) Fischer 5 ) did not find any decrease in weight or formation 
of insoluble substance even after several hours. He concluded that che 
material did not suffer "any visible change". in contrast to an earlier 
observation of Curtius 7 ), who did indeed obtain an insoluble product 
when heating G 4et. Fischer's conjecture that Curtius' preparation 
was iII).pure has recently been confirmed by Cook and Levy 8), who 
showed that small amounts of G 5et and G 6et were present in G 4et 
synthesised according to Curtius' procedure. 

Pacsu assumes that G 4 me does not undergo "any type of con
densation at all". He does not mention any experiments of his own 
but quotes Fischer. 

It seemed to be desirable to repeat the heating of G 4me using 
methoxyl determinations for following contingent alterations. as for 
determining small conversions Fischer's criterions were not sufficiently 
sensitive. 

If, for instance, 5 % of the peptide ester had split off methanol the loss in weight 
would have been only 0.6 % and any insoluble substance formed might easily have 
escaped notice. The corresponding decrease in methoxyl content, on the other hand, 
would be 5% of the total content (from 11.9% to 11.3%). 

Heating the methyl esters· of triglycine and tetraglycine. 

For a first orientation 0.5 g G 4me was heated in a thermostat at 
100° ± 1 ° C and samples were taken at fixed intervals. 

Before samples were drawn the reaction vessel was evacuated for some minutes 
in order to remove traces of methanol. and its contents were stirred. The methoxyl 
content was determined by the titration method of Viebock and Beecher 9 ). The 
apparatus used was made according to their design. After the weighed sample had 
been dissolved in hydroiodic acid in the reaction vessel, this solution was kept at 
room temperature for half an hour previous to refluxing 10 ). 

6 ) E. Pacsu. Nature 144, 551 (1939); E. Pacsu, J. Franklin Inst. 230, 132 (1940); 
E. Pacsu and E. J. Wilson, J. Org. Chem. 7, 117, 126 (1942). 

7 ) Th. Curtius and 0. Gumlich, Ber. 37, 1284 (1904). 
8 ) A. H. Cook and A. L. Levy, J. Chem. Soc. 1950, 646. 
9) F. Vicbock and C. Brecher, Ber. 63, 3207 ( 1930). 
10 ) This is recommended by Steyermark (Anal. Chem. 20, 368 (1948)). in order 

to prevent the alcohol. set free by saponification of the ester, from escaping by 
distilling over before being converted into CH,J. 
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For each determination a sample of 5 to 25 mg was used, according to the 
methoxyl content to be expected. 

The results are given in table I and figure 1. 

Table I. 

Methoxyl content in % of G,me at 100° C as a function of time. 

o I 70 
1

208 
1

100 I 700 I 
11.9 11.3 7.9 1.2 0.5 

Of a sample G:3me the methoxyl content decreased from 15.3 <jc to 
3.1 % during the first 40 hours at 100° C. Even these few 
determinations show the different course of the reactions when G:3me 
and G 4 me are heated. 

The experiment was repeated with a second preparation of G.1me 
( 1.8 g). The data obtained are plotted in fig. 1, together with those 
of Pacsu u) for G~ime. 

OCH3 rel.% 
~ 

10 0 
0 '!!>. ~ 

0 ~1.12 

' 
I I I I I 

IT G3me at 102°(according to Pacsu)_ 

'\ "'G4 me at 100° ( 1st. experiment) 
IIG4me attocf (2nd. II )<-----

\ 
5 

8 
i'(l 

W• \ 
\ \ 

"'\._. '\ 
""" -l... ·' ~ --0 ' 

0 100 200 300 400 500 hours 600 

Fig. I. Methoxyl content of G 3me and G1me as a function of time. 
The samples represented by the encircled points were used also for 

X-ray analysis (page 5). 

Although the curves for G~me are not quite reproducible, an 
induction period is observed with both preparations. G 3me however 
does not show such a period. 

As the nature of the crystalline state of G 4me might be responsible 
for the induction period, traces of moisture or methanol and the results 
of mechanical damaging of the lattice might have some influence. Of 
a fresh preparation of G 4me one part was treated in the usual way, 
the other part being rubbed to a fine powder under the exclusion of 
humid air and heated at 100° C in vacuo over P 20 5• 

3 



For heating under normal conditions 4 g ester was placed in a vessel with glass 
joint and stop-cock. 

For heating in vacuo special ampules were used (fig. 2). In each ampule 50 mg 
ester was introduced via a funnel reaching down to the indentations. After the 

ester was powdered a small vessel containing P2Q 5 was 
introduced. The ampule was then narrowed just below the 
joint (at the arrows). All the ampules were simultaneously 
evacuated ( J()--4 mm) via a tube having the corresponding 
number of male joints, after which the ampules were sealed. 
After three days at room temperature the above-mentioned 
reaction vessel and the ampules were placed in a thermostat 
(temperature variation < 0.1 ° C) in such a way that the 
drying agent was just kept outside. 

4 

e: --- u --- ~ 

15 

----~·----

Fig. 2. 

OCH3 rel.% 
100 

The powdered crystals show a somewhat 
shorter induction period than the non-powdered 
material (fig. 3). This is possibly due to the 
crystal lattice being damaged by rubbing. 

In contrast to the previous experiments (fig. I). the 
material in the larger reaction vessel was not stirred before 
samples were taken, in order to avoid any mechanical 
damage to the crystals. The spreading in the points of 
curve I, fig. 3, may be due to this omission. 

The ester samples in the ampules were powdered 
separately. Although this was performed in like manner as 
far as possible, some variation in the treatment was 
unavoidable, so that there was some difference in the 
damaging of the .::rystals and, as a consequence. <?Xtra 
spreading. 

0 -- ~ 
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Fig. 3. The methoxyl content of G4me at 100° as a function of time. 
The samples represented by the encircled points were used also for 

chromatographic analysis (page 12). 



Heating the methyl esters of alanyl-diglycine and alanyl-triglycine. 
The different behaviour of tri- and tetrapeptide esters is not 

confined to peptides consisting entirely of glycyl-rests. When AG3me 
is heated at 100° C an induction period of several months is observed 
(fig. 4). 

OCH3 rel.% 
100 ,,.~ 

50 

a 
0 

~ 

\ 

-
"' 
"!'>.. 

Fig. 4. 

.g__ -i..... -[\ II 
i\ 

\ 
""" I -'--

100 200 

\ 
1 

\ 

I AG2me at 80° (time in hours) 

'II AG3me at 100° (time in days ) 

"' fi...., ""' 
300 

-- - -

4.00 hours 500 
days 

Methoxyl content of AG.,me (accordir.g to Pacsu) 
and AG3me as a fun~tion of time. 

As appears from Pacsu's work Ii), AG2me (m.p. 86-88° C) reacts 
immediately when heated at 80° C. 

Thus AG
2
me and AG;1me show the same peculiar difference in the 

rate of their reaction. 
The product obtained from AG3me had browned considerably 

during the long heating period. It has not yet been examined, as partial 
cracking has undoubtedly occurred, complicating the analysis. 

The products obtained by heating tetraglycine methyl ester at 
100° c. 

In striking contrast to G 3me, G 4me does not noticeably change in 
outward appearance during 700 hours' heating at 100° C. After the 
treatment as before, the material consists of glistening crystals. X-ray 
diagrams, however, show the internal structure to change radically 
during the heating period (fig. 5). Powder diagrams were made from 
samples of G

4
me taken during the experiment to which curve II of 

fig. 1 relates (encircled po in ts). ,They show that the crystal lattice of 
G

4
me is changed, passing through a more or less amorphous state. 
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a 

b 

c 

d 

Fig. 5 *). X-ray diagrams (CuK'-) showing structural changes of tctr:iglycine 
methyl ester caused by heating at 100° C for: 

al 0 hours, 
b) 233 
c) 329 
d) 425 

In contrast to the product of G 3me, the greater part of the final 
product of G 4me appeared to be soluble in water. 

Cold water was poured over 1.70 g product obtained by heating G4 me at 100° C 
for 600 hours, dissolving most of it. The remaining fraction was filtered off, washed 
with water, alcohol and ether and dried in vacuo over P 20 5, yielding 0.165 g 
material (fraction A). 

The filtrate and washings were combined and concentrated to dryness in vacuo. 
The residue was dissolved in as small an amount of hot water as possible. By 
addition of absolute alcohol an amorphous white precipitate was separated. After 
drying in vacuo over P 20 3 , 1.45 g was obtained (fraction B). 

*) Thanks are due to Mr. P. B. Braun for making these diagrams. 
In the original diagram c a line near the center, scarcely visible here, could be 

distinctly observed. 
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By evaporating the mother liquor 0.08 g of a hygroscopic syrup-like substaece 
was obtained (fraction C). 

Thus the heating product was separated into 3 fractions: 

10 % water-insoluble fraction A 

85 o/r alcohol-insoluble 

5 % alcohol-soluble 

B 

c. 
Fraction B, being the largest, is first to be discussed. 

Fraction B. 

The elementary composition was approximately that of the original 
G 4 me plus a mole of water. 

c H N M.W. 
Cale. for C9H 1p,N 1 • Hp: 38.8 % 6.5 % 20.1 % 6.5 % 278 
found: 38.5 % 6.3 % 20.l % 7.1 % 230, 235 

However, this fraction differed in structure from G;me, having no 
methoxyl groups and a lower NH 2 content ( 1.22 % instead of 5.4 % ) . 

The molecular weight was determined in water by the cryoscopic method. 
The amino-nitrogen content was determined in the presence of mercuric 

chloride11 ). Before carrying out this and other analyses further to be reported, 
"fraction B"' was dried in vacuo over P20 5 at 100° C. 

The disappearance of the ester ( methoxyl) groups being accompa
nied by a lower number of primary amino groups (without a 
noticeable change in elementary composition) suggested the possibility 
of methyl-group migration according to: 

.... -COOCH,i + H 2N- .... ......:;. .... -COOH + CH3HN- .... 

as -NHCH3 groups do not contribute to the Van Slyke value. 
This supposition was justified: "Fraction B" appeared to consist 

of a mixture of the peptides: 

CH3NH-CH2-CO-{NH-CH2-CO) 2-NH-CH2-COOH (meG4 ) 

( CH3 ) 2N-CH2-CO-{NH--CH2-CO) 2-NH-CH2-COOH {me2G 4 ) 

and H 2N-CH2-CO-(NH-CH2-C0) 2-NH-CH2-COOH (G4 ). 

as was proved in the following manner. 
"Fraction B" has several properties in com~on with other peptides. 

It is soluble in water, formic acid and acetic acid, slightly soluble in 
hot propionic acid, practically insoluble in methanol, ethanol, chloro
form and ethyl acetate. 

Similar to simple peptides "fraction B" showed three inflection 
points when potentiometrically titrated with HCl and NaOH: at 
pH 2.5 (HCl salt), pH 6.0 (isoelectric point) and pH 10.1 (Na salt). 

11) Appendix I. 
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From the data obtained an equivalent weight of 263 could be derived 
(calc. for G 4me M.W. = 260). 

With respect to dilute methanolic HCI. too, "fraction B" behaved 
as a peptide and yielded an (impure) ester hydrochloride. 

Some "fraction B" ( 1.0 g) was suspended in 15 ml dry methanol. Under gentle 
rotation 0.53 ml 10.3 n methanolic HCl was added. All solid material dissolved. 
After the mixture had been kept at room temperature overnight dry ether was 
slowly added, causing separation of an oiL Several attempts to crystallise the 
product failed. The methanol-ether mixture was decanted from the oil, which was 
dried in vacuo over P20 5, yielding a hygroscopic sticky glass. 

Cale. for C10H 180 5N 4 • HCI: Cl 11.4 %; found 12.2 %. 
Cale. OCH3 10.0 %; 10.9 %. 

The nature of the components was definitively established by the 
application of chromatography on filter paper 12). Of each two 
chromatograms one was treated with a ninhydrin solution ('0.3 % in 
ether), the other with a solution of tropeolin 00 and air laden with 
H Cl vapour 1s). 

,The ninhydrin~treated chromatograms of "fraction B" showed two 
spots. One of these corresponded both in RF value *) and colour 
development (first yellow, then grey~red) to G 4 , the other showed the 
same RF value and colour as synthetic meG4• 

The tropeolin~treated chromatograms showed three components, 
two corresponding to the spots already shown by ninhydrin and a 
third, due to me2G 4• 

In the same way pairs of chromatograms were made from the 
hydrolysate of "fraction B", showing perfect agreement with those 
from synthetic mixtures of glycine, sarcosine and dimethyl glycine. 
For definite confirmation of its identity sarcosine has been isolated 
from the heating product in a pure form (see page 11 ) . 

On account of the following reasoning "fraction B" has been tested for me2G4, 

by means of the tropeolin-HCl reagent. The presence in "fraction B" of molecules 
with no CH3 group (G4 ) in addition to G4 molecules with one CH3 group (meG,1) 

leads to the conclusion that also higher methylated 0 4 must be present if all initial 
OCH3 groups are to be accounted for. This must be me2G4, since ninhydrin-treated 
chromatograms do not show a third spot {as present in tropeolin-treated chromato
grams), me2G4 being a compound which cannot react with ninhydrin owing to 
complete methylation of the ,amino group. 

The essential RF values are shown in table IL Those of the peptides 
especially depend somewhat upon concentration. The values given 
refer to the concentrations mentioned in the experimental part. 

12 ) R. Consden, A. H. Gordon and A. J. P. Martin, Biochem. J. 38, 224 (1944). 
13 ) L.A. /E. Sluyterman and H. J. Veenendaal, Rec. trav. chim. 68, 717 {1949). 
*) RF value is the ratio of the distances travelled by the amino acid and the 

liquid front from the starting point of the former. 
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Tab 1 e II. 

RF values of some amino acids and peptides in Whatman paper no. 1. 

Solvent I butanol I butanol- I 77% I s-collidine 
I 

phenol 
I 

o-kresol acetic acid I alcohol 

;arcosine i 0.08 0.28 0.57 0.26 0.85 0.49 
)imethylglycine I - - 0.68 - - 0.90 I 

fetraglycine I - 0.01 0.25 0.25 0.62 0.07 
)arcosyltnglycine I - 0.06 0.39 0.30 0.87 0.35 ' I 

)imethyltetraglycine I - -- 0.49 - - 0.63 
i 

Thus "fraction B" has been proved to contain at least G4, meG4 

and me2G4• The NH2 content of "fraction B" ( 1.22 % ) may be due 
to GJ alone or to both G4 and one or several of the peptides: 

glycyl-sarcosyl-diglycine, 
diglycyl-sarcosyl-glycine and 
trig lycy 1-sarcosine. 

These peptides are isomers of meG4 and therefore cannot be 
expected to have RF values very much different from those of meG4 H). 
Thus chromatography on paper can give no adequate proof of the 
absence of these compounds. 
' Therefore G 4 has been separated by chromatography on starch 15). 

The NH2 content of the remaining part of "fraction B" appeared to 
be practically zero. This proves that apart from G4 "fraction B" 
contains no other peptides having a terminal glycyl-rest. 

An amount of 50 mg "fraction B", dried in vacuo over P 20 5 at 100° C for 
two hours, was subjected to chromatography in a column of 60 g starch, water
akohol 2 : 1 ( v/v) serving as eluting agent 15). All fractions preceding the G4 band 
were combined and titrated potentiometrically in dilute alcohol with 0.1 n NaOH 
in order to determine the total number of end groups (-NH2, -NHCH3 and 
-N(CH3 ) 2 groups). After the titration the NaOH added was neutralised by HCI 
and the alcohol evaporated. The volume was brought up to 3 ml. This solution was 
used for volumetric NH2 determinations. The ratio of the NH2 groups and the total 
number of end groups found by titration was 0.022. A second experiment gave 
0.020. Control experiments on synthetic mixtures of me2G4, meG4 and G4 yielded the 
same ratio. 

In order to be certain that no sarcosine peptides were present in the combined 
fractions of G4 these were hydrolysed and tested for sarcosine by paper chromato
graphy. No sarcosine was found. 

Thus, within experimental error, it was established that "fraction B" 
consisted of G4 , meG4 and me2G4• The quantitative composition was 

14) According to Consden c.s. (Biochem. J. 41, 590 (1947)) the RF values of 

glycyl-alanine and alanyl-glycine for instance are 0.64 and 0.68 in phenol, 0.32 and 
0.32 in s-collidine and 0.20 and 0.21 in m-kresol. 

15) Appendix II. 
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0.55 
0.93 
0.09 
0.59 
0.83 



approximately calculated from the NH2 content (due to G 4 only) and 
from the total content of NH2 plus NHCH3 groups (found by 
potentiometric formol-titration to be 3.45 ± 0.07 m.equ/g). From 
these data the composition of "fraction B" was found to be about: 

meG1 66.5 mol. % ± 2 % 
me2G4 11 % ± 2 % 

G4 22.5 % ± 0.5 %. 
The composition of "fraction B" being known, the recoveries from 

the above-mentioned chromatographic separation were calculated 
(table III) . 

Tab I e III. 

Recoveries from the partial separation of the components of "fraction B". 

Amount 

I 

Components I Calculated Found I Recovery ,.fraction B" I 
I I I 

' 
i 

96.50/o I 53.8 mg G1 11.5 mg 11.1 mg I 

meG4 + me2G4 42.1 mg 40.4 mg I 96 % 
II 51.3 mg G4 11.0 mg 11.3 mg 

I 
103 % 

meG4 + me2G.1 40.3 mg 38.8 mg 
i 

96.5% 

Likewise the elementary composition of "fraction B" in the undried 
state may now be calculated, on the basis of a water content of 7.1 % 
found by direct analysis. 

Amino nitrogrn of 
c H N H20 hydrolysate 

calc. 38.3% 6.45 20.l ·16.35 O/o 
found 38.5% 6.3 20.1 7.1 °lo 16.0 % 

Fraction c. 
This fraction was shown by paper chromatography (with o- and 

m-kresol) to consist mainly of me2G 4• Only traces of meG.i were 
observed. 

Fraction A. 
As mentioned above, on heating G4me at 100° C 10 % material 

insoluble in water is formed. It has the same properties as polyglycine 
ester (amorphous. swelling slightly in water, insoluble in the usual 
organic solvents, soluble in concentrated LiBr solution) and may have 
been formed by polycondensation ( OCH3 content 0.75 % ) . 

Polycondensation is attended by a loss of methanol: 169 .1 mg 
G 4me was heated at 100° C for 600 hours, yielding 167.4 mg product. 
The calculated loss in weight for 10 % polymer was 2.1 mg, while the 
actual loss was found to be 1. 7 mg, thus approximately corresponding 
to the amount of polymer formed. Although most of the OCH~ groups 
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therefore seemed to be lost as methanol, the polymer nevertheless had 
methyl groups, sarcosine being present in the hydrolysate as shown 
by paper chromatograms. By matching the spots obtained with those 
of synthetic mixtures of glycine and sarcosine 16 ) the amount of 
sarcosine was estimated to be about 10 %. 

From the composition of the three fractions it can be calculated that 
after 600 hours at 100° C the following conversions have taken place: 

about 19 mo!. 0/ 0 G,me converted into G 4 (Fraction B) 

(Fraction B) 56 
14 

II 

.. me2G 4 (Fractions B + C) 

,, insoluble polymer (Fraction A). 

The data, however, are somewhat uncertain because small losses 
have undoubtedly occurred during the fractionation, which were 
apparently counterbalanced by the fractions retaining some water 
(fraction B for instance 7.1 %; see pages 7 and 10). For that 
reason the final heating product of another sample G4 me was analysed 
without preceding fractionation. 

Analysis of the unfractionated heating product. 

Some of a product obtained by heating G 4me for 600 hours at 
100° C (OCH3 content 0.35 %. containing 10 % insoluble material) 
was hydrolysed and the amino acid content determined, using 
chromatography on starch 15). 

In 30 ml 6 n HCl 303.2 mg product was dissolved. After refluxing for 24 hours 
the major volume of the acid was evaporated on a water bath and the last 
portion in a desiccator over KOH. The hydrolysate was dissolved in water
alcohol 2 : I and brought up to a volume of 10 ml. This solution was found to 
be 0.45 n HCI. Three ml were placed in a column of 90 g starch and eluted 

, with 0.67 n HCl-alcohol 2: J 15). 
The sarcosine was isolated from the effluent after having been titrated. The 

sodium hydroxide added during the titrations was neutralised with HCl and the 
solution concentrated to dryness. The residue was taken up in a few ml water
akohol 2 : 1, placed in a column of 90 g starch and eluted by the same solvent 
mixture. The sarcosine thus separated from the major part of NaCl was twice 
crystallised from dry alcohol. Melting point 210° C. Mixed melting point 209.5° C. 

An attempt was also made to isolate a small amount of dimethylglycine. By 
sublimation ( 120° C, 18 mm) a few crystals were separated from NaCl. Their 
melting point was 4° C to 10° C too low, probably due in part to hygros
copicity. For further confirmation of its identity some more paper chromatograms 
of this compound were developed, using butanol and benzyl alcohol. The RF 
values were those previously found for dimethylglycine 13 ). 

16 ) A. Polson, V. M. Mosley and R. W. G. Wyckoff, Science 105, 603 (1947). 
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Table IV gives the results of a two-fold determination. 

Table IV. 

Amino-acid content in mg per 100 mg heating product and mo! % 
of the original ester. 

1 

I I 
I II 

Glycine g1.5 mg= 314.1 mo!% 91.8 mg= 315 5 mo!% 
Sarcosine 22.3 mg = 64.5 mo!% 22.4 mg = 64.8 mo!% 
Oimethylglycine 4.7 mg = 11.8 mo! % "!.6 mg= 11.5 mo!O/o 

390.4 mo!% 
I 391.8 mo!O/o 

Thus the total recovery was 

It is now possible to account 

!2!% = 98 %. 
4 

for all initial methoxyl groups: 
unchanged (final OCH3 content) 
escaped as methanol (page 10) 
bound to sarcosine 
bound to dimethylglycine 

3 % 
8 % 

65 % 
23.5% 

99.5% ± 2% 

Thus the methoxyl groups of G4me did not noticeably partake in, 
other reactions but those of methyl-group migration and poly
condensation. 

An intermediate product. 
In order to have some knowledge of the intermediate stages of th~ 

reaction-three samples ofG4me, heated at 100° C for various periods 
(encircled points fig. 3), were subjected to chromatography on paper. 
All three samples appeared to contain about 5 % sarcosyl-triglycine 
methyl ester (meG4me). 

Apparently the formation of meG4 , as found in the final heating 
product of G4me, partially occurs via meG4me. Fraction A, being a 
polymer containing sarcosyl-rests, may have been formed by co
condensation of meG4me with G 4me. 

No attempt was made to find the ester of me2G 4 because the 
amounts to be expected were not sufficient to be easily detected. 

Conclusion. 
The migration of methyl groups described in this paper shows some 

resemblance to the betaine rearrangement 17). The initial compound 

17 ) R. Willstatter, Ber. 35, 584 ( 1902) ;R. Willstatter and W. Kahn, Ber. 37, 
401 (1904). 
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of the latter reaction however ( dimethylg lycine methyl ester) is in the 
fluid state. 
' The occurrence of methyl migration in G4me will be discussed in a 

subsequent chapter. 
It is not surprising that Fischer 5) did not notice any change when 

heating G4me. Even after 600 hours at 100° C theoutwardappearance 
of the material is unchanged. The decrease in weight is but slight and 
by far the major part of the product is soluble in water. These slight 
changes begin to manifest themselves only after an initiation period 
of about 200 hours. Thus Fischer's statement that "no visible change" 
was observed is not conflicting with the above mentioned results. 

Experimental. 

Chromatography on filter paper. 

The method of capillary ascent by Williams and Kirby 18), using paper cylinders, 
was applied. 

Some "fraction B" (50 mg) was dissolved in 0.5 ml 0.4 n HCI. A solution 
of 60 mg meG4, 20 mg G4 and 10 mg me2G 4 in 1 ml 0.4 n HCI was used for 
reference. Also drops (0.5 ril) of three solutions, each lacking one of these com
ponents in turn, were applied. 

The hydrolysate of 100 mg "fraction B"' was dissolved in 0.5 ml water. The 
solution of the "knowns" consisted of 150 mg glycine, 40 mg sarcosine and 7 mg 
dimethylglycine in 1 ml water, acidified with an amount of HCI equivalent to 
the amino acids. After drops of these solutions were brought on the paper, the 
cylinders were kept in ammonia or trimethylamine vapour during some minut,,s 
in order to neutralise the HCI. 

Well-defined spots of me2G and me2G4 could be obtained only by bringing 
the drops 10 cm above the lower edge of the paper cylinder, thus slowing down the 
advance of the liquid front during the separation. 

For the detection of the ester of meG4, from the first sample (OCH3 = 7.6 %) 
2.8 mg was dissolved in 0.05 ml 0.15 n HCI. For each chromatogram 2.5 t..tl 
solution was used. In order to confine this volume to as small an area on the 
paper strip (Whatman no 54) as possible, it was applied in 5 drops of 0.5 rt! 
desiccating after each application. 

For comparison 0.5 µI drops of solutions, containing various amounts of 
sarcosyl-triglycine methyl ester hydrochloride and tetraglycine methyl ester hy
drochloride per ml, were placed on the same strip. 16) 

The upper layer of butanol-acetic acid-water 45: 5 :.50 (v/v/v) and the lower 
layer of benzyl alcohol-acetic acid-water 45: 5: 50 (v/v/v) were used for develop'
ment of the chromatograms (displacement of the liquid front 30 cm). For 
locating the spots the strips were treated with a 0.3 % ninhydrin solution in ether, 
containing one drop of pyridine per ml and heated at 80-100° C. 

The best separation was obtained by the benzyl alcohol mixture (RF value of 
meG4me 0.15). 

In the same manner the other samples were analysed. 

18 ) R. J. Williams and H. Kirby, Science 107, 481 (1948). 
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Preparations. 

2,5-Diketopiperazine. From glycine in hot ethylene glycol 19 ). 

Chloroacetyl-glycyl-glycine. From diketopiperazine and chloroacetyl-chloride. The 
method of Fischer 5) was slightly modified. Diketopiperazine (5 g) was dissolved in 
50 ml n NaOH. After 15 min at room temperature it was cooled in ice and 5 g 
Ca(OH) 2 was added. While shaking or stirring violently 4.1 ml chloroacetyl-chloride 
was poured into the mixture in small portions. When the smell of acid chloride had 
vanished the mixture was acidified with 11 mr 5 n HCI. After two hours in the 
icebox the product had partly separated. Yield 3.8 g dried material, m.p. 169-
172 ° C (corr.). A second crop was obtained by reducing the volume of the 
reaction mixture to 35 ml, giving 3.2 g, m.p. 166-170° C. Total yield 76 %. 

After recrystallisation m.p. 175-176° C (corr.). A second recrystallisation did 
not raise the melting point. 

Diglycyl-glycine. From recrystallised chloroacetyl-glycyl-glycine and ammonia 4
). 

Chloroacetyl-diglycyl-glycine. From diglycyl-glycine and chloroacetyl-chloride 4
). 

Triglycyl-glycine. From the preceding product and ammonia 4). 

Alanyl-diglycyl-glycine. From diglycyl-glycine and bromopropionyl-chloride 
following Fischer's procedure 20 ), using Ca(OH) 2 instead of NaOH. 

Sarcosyl-diglycyl-glycine. 

Chloroacetyl-diglycyl-glycine (3.0 g) was dissolved in 19 ml 28 % methylamine 
solution of 0° C. After standing 3 days at room temperature the reaction mixture 
was concentrated to dryness in vacuo and the residue taken up in 5 ml warm 
water. Hot absolute alcohol ( 15 ml) was added. After a few hours the precipitate 
was filtered off and dried over P20 0• Yield 2.0 g (68 %) halogen-free product. 
Crystallisation from water and alcohol (yield 1.7 g) gave m.p. = 207° C (corr.) 
(decomp.). Before analysis it was dried in vacuo over P20 5 at 100° C. 

Mo!. weight calc. 260; found 259 (by potentiometric titration in dilute alcohol). 
N calc. 21.6 %: found 21.6 % (by acid hydrolysis and potentiometric formol

titration). 

N-dimethylglycyl-diglycyl-glycine. 

Chloroacetyl-triglycine (1.0 g) was dissolved in 12 ml 22 % dimethylamine 
solution at 0° C. After keeping the mixture at room temperature for 8 davs it was 
concentrated to dryness in vacuo. The syrup-like residue was rubbed with absolute 
alcohol, yielding a white precipitate. This was washed free of halogen with absolute 
alcohol. The product was dried in vacuo at 100° C, giving 0.42 g of a very 
hygroscopic compound with m.p. 166-167° C (corr.). Crystallisation from 90% 
alcohol did not raise the melting point appreciably. From the alcoholic washings 
0.35 g impure product (m.p. 150° C (corr.)) could be obtained by concentrating to 
a small volume and adding chloroform. Recrystallisation from 90 % alcohol gave 
0.23 g, m.p. 161-165° C (corr.). Total yield 63 %. 

Mo!. weight calc. 274; found 275 (titration in dilute alcohol). 
N calc. 20.4 %; found 20.4 % (hydrolysis and titration in 90 % alcohol). 

t9) C. Sannie, Bull. soc. chim. (5) 9, 487 ( 1942); H. F. Schott, J. B. Larkin, 
L. B. Rockland and M. S. Dunn, J. Org. Chem. 12, 490 ( 1947). 

20 ) E. Fischer, Ber. 41, 850 (1908); E. Abderhalden and A. Hirszowski, Ber. 41, 
2840 (1908). 
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In preparing the peptide methyl esters Fischer 2 ) 5 ) and Pacsu 6 ) applied concen
trated HCl solution in dry methanol. It was preferred, however, to use only a 
slight excess of HCl, resulting in a 0,1 n solution of free acid, thus avoiding 
appFeciable · methanolysis of the peptide bonds. 

When filter.ing off the peptide ester hydrochlorides humid air is preferentially to 
be excluded. 

Triglycyl-glycine methyl ester hydrochloride. 

Triglycyl-glycine (5.2 g) was suspended in 175 ml dry methanol. When 3.2 ml 
12.0 n methanolic HCI was added while gently shaking, the peptide dissolved. After 
the mixture was kept at room temperature overnight and 130 ml dry ether was 
added, 5A g (86 %) ester hydrochloride separated slowly; m.p. 189-191° C 
(corr.}. After one recrystallisation from dry methanol m.p. 193-194° C (corr.). 
A secom.i purification gave m. p. 196 ° C (corr.). A third recrystallisation did not 
raise the melting point. 

calculated 
found 

c 
36.4 
36.3 

H 
5.7 
5.5 

N 
18.9 
18.7 

Alanyl-digly&yl-glycine methyl ester hydrochloride. 

Cl 
12.0 
12.1 

OCH3 

10.5 
10.0 

From 6.55 g peptide, 100 ml methanol and 3.7 ml 9.5 n methanolic HC!. After 
one night 100 ml dry ether was added (just sufficient not to cause turbidity). The 
product was. more reluctant to separate than the preceding ester. To start the 
crystallisation it was necessary to keep the mixture at room temperature for some 
hours., scratching occasionally. Yield 6.9 g = 89 %. m.p. 177-180° C (corr.). After 
one recrystallisation m.p. 186-188° C. One more recrystallisation gave a m.p. 
188-189° C. 

OCH3 calc. 10.0 % found 10.3 % 
Cl calc. 11.4 o/o; found 11.1 %. 11.6 % 

Sarcosyl-diglycyl-glycine methyl ester hydrochloride. 

Some of the peptide ( 1.10 g), dried in vacuo at 100° C. was suspended in 22 ml 
dry methanol and 0.56 ml 11.6 n methanolic HCl was added. Rotation of the 
mixture caused the greater part of the peptide to dissolve. After standing at room 
temperature overnight, some undissolved material was removed by filtration. Ether 
was added to the filtrate until slight turbidity developed. This turbidity vanished 
upon addition of a few drops of methanol. The ester hydrochloride did not separate 
until the mixture had been kept at room temperature for several hours, scratching 
occasionally. The product was dried in vacuo. Yield 1.07 g (90 %) , m.p. 159° C 
(corr.). Recrystallisation from dry methanol did not raise the ll!elting point. 

calculated 
found 

c 
38.7 
38.8 

Triglycyl-glycine methyl ester. 

H 
6.1 
6.3 

N 
18.0 
18.0 

Cl 
11.43 
11.48 

OCH3 

10.0 
10.1 

From its hydrochloride and sodium or potassium methylate 5). In order to obtain 
a halogen-free product it was recrystallised from dry methanol (5.0 g in 310 ml 
dry methanol, yielding 3.8 g). OCH3 calc. 11.9; found 12.0 %. 

According to Fischer 5) tetraglycine methyl ester has no melting 
point, ·but decomposes from 200 to 240° C. This, however, appeared 
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not to be the decomposition range of the ester itself but of the product 
formed when the ester is gradually heated while determining the 
melting point. The real melting point can be found approximately by 
inserting capillaries containing ester in the melting-point apparatus at 
different temperatures. The lowest temperature at which melting of 
the sample could be observed was 205° C (corr.). When starting at 
lower temperatures no melting could be seen, but there was a gradual 
decomposition when raising the tempeFature. Thus the melting point 
of tetraglycine methyl ester is about 205° C. 

Alanyl-diglycyl-glycine methyl ester. 

Ester hydrochloride (2.50 g) was dissolved in 35 ml hot dry methanol and cooled 
quickly to 0° C in ice water. Methanol (25 ml) containing slightly less than the 
theoretical amount of sodium methylate was added. The free ester separated at 
once. After one night in the ice box the product was filtered off in dry air. Yield 
1.66 g ( 75 %) . It was recrystallised from 30 ml dry methanol, giving 1.4 g halogen
free product, m.p. 185° C (corr.). 

NH2 calc. 5.1 %; found 5.1 % 
OCH3 calc. 11.3 %; found 11.3 % 

By evaporating the mother liquor of the reaction mixture to dryness, extracting 
the residue with 3 ml hot dry methanol and cooling the extract in the ice box 
0.36 g ( 16 %) more ester was obtained. Total yield of raw product 91 %. 
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CHAPTER II. 

A FEW CASES OF PREVAILING POL YCONDENSATION. 
REMARKS CONCERNING THE REACTION MECHANISM. 

When tetraglycine methyl ester is heated at 185° C in the solid state 

or at 100° C dissolved in methanol, polymers containing small amounts of 

sarcosyl-units are formed. An induction period occurs only under the first 

mentioned conditions. Also polymers obtained by heating triglycine methyl 

ester at 100°-100° C partly consisted of sarcosyl-units. Some of fo~ 

phenomena described in this and the preceding chapter are believed to be 

due to rigidity of the crystal lattice. 

The reaction rate of the methyl esters of triglycine and tetra
glycine at elevated temperatures. 

Both triglycine methyl ester ( G 3me) and tetraglycine methyl ester 

( G 4me), when heated at 100° C in the solid state, show a decrease 

in methoxyl content 1 ). Only G4me, however, shows an induction 

period 2). These esters also differ considerably in their melting points, 

viz. 111 ° C and 205° C respectively 1). In order to find out whether 

there is any connection between these two differences, both esters 

were heated 20° C below their respective melting points. 

G4me was heated in thin-walled tubes of thermometer glass (Jena), outside 

diameter 7 mm, inside diameter 6 mm. These tubes, containing 20 mg ester each, 

were filled with nitrogen and brought all at once into a stirred bath of 185° C 
± 1° C. After 3, 5, 8, 12, 17 and 25 minutes tubes were taken oµt of the bath 

and cooled quickly by placing them first in boiling and then in cold water. The 

longer heated products were browned by partial cracking. 

Some G3me (0.8 g) was heated at 90° C. Before each sample was drawn the 
reaction vessel was evacuated for some minutes and its contents were stirred. 

1 ) Part I. 
2 ) Part I, fig. 1. 
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In figures I and 2 the course of the reactions is plotted. As the 

decrease in methoxyl content of G3me during the first hours cannot. 

be well presented in fig. I. these data have been plotted in fig. 2. 
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Fig. 1. Methoxyl content of Game and G 4me as a function of time. 

I. Game at 90° (time in hours) 
II. G 4me at 185° (time in minutes) 

An evident induction period is observed with G 4me at 185° C but 
not with G

3
me at 90° C. Neither do Pacsu's 3 ) data concerning the 

heating of G
3
me at 80° C and 102° C show an induction period. Thus 

the different behaviour of G
3
me and G 4me is maintained even under 

more comparable conditions. 
Contrary to the results obtained when heating in the solid state 

(at 100° C or 185° C). no induction period was observed when G4me 

was heated in methanolic solution at 100° C. This suggests that the 

induction period is due to the solid state. 

When a closed ampule containing 0.58 g G 4me and 25 ml dry methanol was 

placed in boiling water the ester dissolved, turbidity set in at once and precipi_tation 

began a few moments later. After 7 days at 100° C the precipitate was filtered 

off and washed with some portions of hot methanol. Yield 0.27 g. 

By evaporating the mother liquor in vacuo, 0.29 g impure G4me was recovered. 

3 ) E. Pacsu and E. J. Wilson, J. Org. Chem. 7, 117 (1942). 
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Fig. 2. Methoxyl content of G3me at 90° C as a function of time. 

Analysis of the heating products. 

It has been shown before 1) that on heating G 4me at 100° C the 
main part of the heating product consisted of water-soluble peptides, 
formed by migration of methyl groups. When heated at 185° C in the 
solid state or at 100° C dissolved in methanol, however, G 4m yields 
amorphous products which are insoluble (though slightly swelling) 
in water, but soluble in saturated LiBr solution, these products being 
similar to those obtained when G 3me is heated at 100° C in the solid 
state for 5 days or longer. According to Pacsu 3 ) the insoluble product 
from G 3me consists of polyglycine ester formed according to: 

n H
2
N-CH

2
-CO-NH-CH

2
-CO-NH-CH2-COOCH

3 

H
2
N-CH

2
-CO(NH-CH

2
-C0) 3n_

2
-

-NH-CH2-COOCH3 + (n-l)CHpH .. (1) 

A similar product was obtained from glycine methyl ester by 
Frankel and Katchalski 4 ) and from glycine N-carbonic anhydride by 
Leuchs and others 5). 

The supposed "polyglycine esters", however, both those from G3 me 
and G 4 me, appeared to contain sarcosyl-units. After having been 
washed out with water the polymers were hydrolysed. Chromatograms 
on filter paper (with o- and m-kresol) showed the hydrolysates to 
contain small amounts of sarcosine. 

The sarcosine in the "polyglycine ester" yielded from the methanolic 

4 ) M. Frankel and E. Katchalski, J. Am. Chem. Soc. 64, 2264 (1942). 
3 ) H. Leuchs, Ber. 39, 857 (1906);1'. Go and H. Tani, Bull. Chem. Soc. Japan 

14, 510 (1939). 
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G4me solution may be partly due to direct methylation by the solvent, 
according to: 

CHaOH + H-N < ~ CH3-N < + HP 

As this is improbable with the "polyglycine ester" formed by heating 
the solid Game and G4me, the sarcosyl-units found in these polymers 
may arise from migration of methyl groups. 

According to equation ( 1) polyglycine ester should contain an 
equal number of -OCHa and -NH2 end groups. As this equation 
apparently does not represent all reactions leading to a decrease in 
methoxyl content, the possibility of a smaller number of -OCH3 
than -NH2 groups may be expected. ,The end groups of some 
products of heating Game were determined by different methods. The 
results are given in table I. 

Table I. 

I Groups G3me after 5 G3me after 5 
Method 

I determined days at 100° C days 100°c+ 

I 
15 days 110°C 

' 
Formol titration -NH2 + -HN-CH3 1.15 m equ/g I LOS m oqu/g I 
Van Slyke method -NH2 (corr) 1.30 I 0.75 .. .. 
Zeise! method -OCH3 - .. 0.20 .. 
Titration using HCI -OCH3 (indirect) 0.85 .. 0.25 .. 

For each Van Slyke determination 100 mg polymer was dissolved in 3 ml 
concentrated LiBr solutions, 2 ml of which were brought into the reaction chamber. 
The determinations were performed in the presence of KJ and a correction of 6 % 
was applied 6). 

Similarly samples of about 100 mg polymer in concentrated LiBr solutions were 
used for the potentiometric titrations. The slightly basic polymer was titrated first 
with 0.1 n HCl and then, after addition of formol. with 0.1 n NaOH. Since only 
peptide esters react as a base (the .. amphion" structure of a peptide is removed by 
esterification of the carboxyl group) the titration with HCl gave the number of 
peptide chains having an ester group and thus indirectly the OCH3 content. 
Formol titration gave the total number of -NH2 groups plus contingent -NH-CH3 
groups. 

Duplicate determinations showed differences of 0.05-0.1 m equ/g. 

The number of OCHa groups is clearly smaller than that of NH2 
groups. The Van Slyke value of the longer heated product is some
what lower than the value given by formol titration. This suggests 
that some of the polymer chains have a terminal sarcosyl group. Most 
of the sarcosyl-units may be situated in other parts of the chains. 

6 ) Appendix I. 
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The inaccuracy of the determinations, however, prevents quantitative 
discussions. 

All data given above show OCH3 end-group determination to be 
the most unreliable method of establishing the molecular weight of 
these compounds. 

In contrast to these results Pacsu 3) found an excellent agreement 
between methoxyl and amino-nitrogen content of a polymer obtained 
by keeping G3me at 80° C for 4 months: 

OCH3 2.16 % ( = 0.70 m equ/g), NH2 0.96 % ( = 0.69 m equ/g). 
This, however, may have been accidental. On the one hand Pacsu 

did not dissolve the polymer sample in LiBr solution before the 
Van Slyke analysis, but made the reagent act upon a solid sample, 
a procedure which may yield low results. On the other hand high 
NH2 values are obtained for glycyl-peptides, especially when no KJ 
or HgC12 is used 6). If there had been a certain migration of methyl 
groups then still higher NH2 values should have been found. Th2se 
three influences may have counterbalanced each other. 

Conclusion. 
Both G 3me and G 4me react mainly by polycondensation when 

heated near their melting points, G4me having an induction period. 
When G4me is kept at 105° C below !,ts melting point (205° C) mainly 
methyl migration takes place 1). It might be considered whether this 
rearrangement would predominate also when G3me is kept far below 
its melting point ( 111 ° C). So far it has not been possible to answer 
this question: a sample of G 3me was left standing in a desiccator at 
room temperature, and after more than one year the methoxyl content 
had not noticeably decreased. 

Remarks concerning the reaction mechanism. 
A. Peptides in the solid state may be assumed to consist of 

amphions 7 ). The intermolecular rearrangement in G4me at 100° C 
in the solid state may thus be considered to be a transfer of the group 
-CH3, resulting in formation of ions: 

The reaction may be repeated by the same mechanism for formation 

7 ) E. J. Cohn and J. T. Edsall, ,,Proteins, amino acids and peptides as ions and 
dipolar ions", 1943. E. W. Hughes and W. J. Moore, J. Am. Chem. Soc. 71, 
2618 (1949). 
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of a molecule of me2G 4 when a proton of the sarcosyl~peptide has 
been taken over by another -NH2 group e.g. of a peptide ester: 

+ + 
.. -CH2--NH2 + CH3NH2 - CH2-· · -+ - CH2-NH3 + CH3-NH-CH2-· · 

followed by: 

B. The occurrence of an induction period regardless whether 
methyl migration or polycondensation predominates may be explained 
in the following way . .The activation energy E of a reaction in the 
crystalline state is thought to consist of two components: 

E 1 being the activation energy if the reaction were to take place in 
molten material, E 2 the extra energy imposed by the rigidity of the 
crystal lattice. E 2 will be high for undisturbed parts of the lattice and 
lower at lattice distortions. Thus at the beginning of the heating 
period reaction will be slow and occur preferentially at the surface 
of the crystals and near other already existing lattice disturbances. 
Wherever reaction has occurred (for instance a methyl group has 
migrated) a new disturbance is created or an existing disturbance· 
extended, thus enhancing further reaction nearby. Upon the reaction 
proceeding, the crystal structure is gradually weakened, resulting in 
a lower mean value for E 2 and allowing a higher reaction rate. Even 
then a certain preference for the reaction to occur near groups that 
have already reacted may be possible. 

Figure 3 gives a schematic representation of this hypothesis in the 
case of migration of methyl groups. Figure 2a represents the initial 
structure of the ester, "b" an intermediate state of low regularity, 
"c" the lattice of the final peptide mixture. This picture is qualitatively 
in accordance with the X ray diagrams and the presence of the ester 
of meG4 in the intermediate stages 1). 

A greater number of disturbances in the initial crystal lattice, 
yielding a greater number of possible starting points for reactions, 
may be expected to shorten the induction period. This is confirmed 
by the somewhat different behaviour of powdered and non~powdered 
crystals 1). 
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If G 4me is heated when dissolved in methanol there is no rigidity 
( E 2 = 0), hence no induction period. 

- peptide chain 
--< NH2 group 0 CH3 group 

-- COO group 

Fig. 3. Schematic two-dimensional representation of the structural changes 
of tetraglycine methyl ester caused by heating at 100° C . 

. C. It has been shown that polycondensation predominates when 
G 4me is heated at 185° C in the solid state or at 100° C if dissolved 
in methanol, whereas methyl migration predominates when G 4me is 
heated at 100° C in the solid state. 

It seems reasonable to suppose that polycondensation would pre~ 
dominate in the solid state also at 100° C if this were not prevented 
by rigidity of the crystal. The displacement of molecules from their 
equilibrium position necessary for the formation of a -CO-NH
bond under the expulsion of methanol will be considerably larger than 
that for the transfer of a methyl group: 
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Hence in the solid state the activation energy for the poly
condensation may be higher than that for methyl migration, causing 
the methyl migration to predominate at lower temperatures and the 
polycondensation at higher temperatures. 

If G 4me is dissolved in methanol there is no rigidity to hamper 
primarily the polycondensat!on. 

D. When G3me and G 4me are each heated at 20° C below their 
melting points an induction period appears with the latter ester only. 
though both react by polycondensation. It is not possible to give a 
reasonable explanation for this difference. 

The fact that G 4me contains an even number of amino-acid units 
and G3me an uneven number may be of decisive significance for the 
structure of the lattice of these compounds, leading to different 
behaviour. 

For a better understanding detailed X-ray analyses of G3 me and 
G4me are desirable. 

Preparations. 
Diglycyl-glycine methyl ester: hydrochloride. 

Powdered triglycine ( 10.0 g) was dried and suspended in 300 ml dry methanol. 
While shaking gently, 7.0 ml 11.8 n methanolic HCI was added. The peptide dis
solved and at once some crystals separated. These were dissolved by making the 
solution Juke warm. The solution was then kept at room temperature overnight. 
Part of the crystalline ester hydrochloride had already separated and was filtered 
off. After the addition of 150 ml dry ether a second crop was obtained. Yiel.d 
10.8 g ester hydrochloride, Mp 199° C (corr.} (sometimes recrystallisation was 
needed in order to reach this melting point). Addition of 200 ml more ether gave 
a third crop: 0.9 g. Mp 196° C (corr.}. Total yield 92 %. 

Cl calc. 14.8 %: found 14.8 o/o. 
OCH,1 calc. 12.9 %: found 12.8 %. 
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Diglycyl-glycine methyl ester. 

The preparation of the free ester from its hydrochloride and sodium methy
late :J) 8) did not proceed very smoothly. Satisfactory results were obtained in the 
following way. Powdered dry ester hydrochloride, 1.43 g. was suspended in 30 ml 
dry chloroform and 6.4 ml 1.9 n NH3 (twice the theoretical amount) of the same 
solvent. After shaking for one hour the precipitate, consisting of a mixture of 
NH4Cl and unchanged ester hydrochloride, was filtered off, while excluding humid 
air. Again it was powdered. suspended in 10 ml chloroform plus 2 ml NH,,-chloro
form and shaken. After an hour the solution was filtered. The two filtrates were 
combined and dry ether was added slowly. The free ester separated in fine needles. 
After standing for a few hours the crystals were filtered off in dry air. Yield 
6C-90 % halogen-free product. The properties of the substance were identical 
with those of Fischer's purest preparation B), 

OCH,. calc. 15.3 %; found 15.5 %. 

8 } E. Fischer, Ber. 39, 453 (1906). 



APPENDIX I. 

VOLUMETRIC AMINO-NITROGEN DETERMINATIONS IN 
GLYCINE AND GLYCYL-PEPTIDES. 

By addition of mercuric chloride to the reaction-mixture in the Van Slyke 

apparatus, practically the theoretical values for the amino;nitrogen content 
of glycine and peptides having a terminal glycyl-rest are obtained. If a 
considerable amount of lithium bromide is present at the same time, the 

effect of mercuric chloride is greatly lost. Using potassium iodide in that 
case the right value is found for glycine, but the values for diglycine and 

triglycine are 7 % and 5 % too high. 

Introduction. 

The nitrous-acid method of Van Slyke for determining amino

nitrogen content is based on the reaction of nitrous acid with primary 
amines: 

RNH2 + ONOH ~ROH + Hp + N2• 

Not all amino compounds, however, evolve the theoretical amount of 

N 2. One of those is glycine, yielding high values (I 03-117 % 1) 3) 4)). 
Peptides and proteins having a terminal glycyl-rest react similarly 1) 5). 

Some authors 6) 7) S) added potassium iodide, mercury or mercuric 

acetate to the reaction mixture and examined the effect on the apparent 

amino-nitrogen content of several compounds. A summary of the 
results on glycine and glycyl-glycine, gathered from their scattered 

data, is given in table I. 

1 ) D. D. Pan Slyke, J. Biol. Chem. 9, 185 (1911). 
2 ) D. D. van Slyke, J. Biol. Chem. 83, 425 (1929). 
3 ) P. A. Levene and .D. D. van Slyke, J. Biol. Cheni. 12, 285 ( 1912). 
4) C. L.A. Schmidt, J. Biol. Chem. 82, 587 (1929). 
5) F. Sanger, Biochem. J. 39, 507 ( 1945). 
6 ) A. B. Kendrick and M. E. Hanke, J. Biol. Chem. 117, 161 (1937). 
7) A. B. Kendrick and M. E. Hanke, J. Biol. Chem. 132, 739 (1940). 
8 ) M. S. Dunn and /. Porush, J. Biol. Chem. 127, 261 (~~39). 



Table I. 
Apparent amino-nitrogen values in percent of the theoretical values 

(literature data). 

Without 
addition 

With KJ 

I 
i 

I v. 

i 
i v. 

Glycine Diglycine 

106 01o7) 

100 Ofo7) 
·----------------------"-"--

With Hg M.V. 103 % 7)8) IM. 

With Hg and KJ I~: 
With Hg acetate I v. 100%7) 

V. =volumetric method. 
M. = manometric method. 

As can be seen from this table there is no complete agreement 
concerning the effect of KJ in the presence of mercury on the values 
found for glycine. No theoretical values for glycyl-glycine were ob
tained, but the effect of mercuric acetate on the reaction with glycyl
peptides was not examined. Therefore the effect of KJ and a mercuric 
salt on the results of the volumetric Van Slyke determination of 
glycine and some glycyl-peptides has been investigated. 

For some polypeptides a concentrated LiBr solution is the only 
suitable solvent. As it is desirable to analyse samples when dissolved, 
the effect of LiBr was also examined. 

E x p e r i m e n t a l c o n d i t i o n s. 

In the usual micro volumetric apparatus 9 ) 2 ml glacial acetic acid and 12 ml 
30 % sodium nitrite solution were used for each determination. Of this mixture 3 ml 
were present in the reaction chamber. Of the compounds to be analysed, samples 
sufficiently large to evolve about 1 ml nitrogen were used for each determination. 
The mixture was shaken at room temperature during 5 minutes. 

The quantity of KJ amounted to 0.5 g in 100 ml sodium nitrite solution 7). 
Of mercury only a few drops were used 7 ). 

The amount of mercuric salt needed was too large to be dissolved in 2 ml acetic 
acid. Therefore it was added to the solution to be analysed ( 40 mg HgC12 per ml). 

In order to investigate the effect of LiBr the samples were dissolved in saturated 
LiBr solution. Of this solution about 1 ml wa& used for each determination. 

9
) F. Pregl, "Die quantitatieve organische Mikro-analyse", 4th ed. 1935. 
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Results. 
When considering the results (table II) it must be borne in mind 

that in no case could a better reproducibility than about 1 % be ob
tained. The greater the deviation from the theoretical value, the 
greater is the spread in the results (up to ± 5 % ) . 

Summarizing the following conclusions may be drawn from table II. 

Tab 1 c II. 

Apparent amino-nitrogen values for glycine and glycyl-peptides 
in percent of the theoretical values. 

Glycine Oiglycine Triglycine Glycylalanine 

Without addition 1080/o 126 O/o 124 % 118% 
With KJ 102 % 112 O/O 108% 112% 
With mercury 102% 117 °10 
With HgCl2 100% 102 °lo 101 °io IOI 0,'o 
With KJ and 

HgCl2 101 O/o 102 o, 0 102% 1010/o 
Wah LiBr 102% 118 O/o 117 O:o 
With LiBr and KJ 102 °lo 1070/o I 05 "io 
With LiBr and 

HgCl2 1030/o 117 O,'o 114 °!o 
With LiBr. KJ 

and HgCl2 990/o 108 O/o 

No greater deviations than 0.5 o/0 from the theoretical amino-nitrogen content were 
found when these compounds were subjected to potentiometric formol titration. 

For glycine and glycyl-peptides dissolved in water HgCl9 may be 
applied. In LiBr solution addition of KJ gives satisfactory r~sults for 
glycine. For the glycyl-peptides investigated in LiBr solution a cor
rection of about 6 % appears to be necessary. This correction may 
reasonably be applied also to other glycyl-peptides, since the devi
ations from the theoretical value of these compounds may be generally 
ascribed to a partial splitting off of the terminal glycyl-group with· 
loss of co2 10 )' setting free a small amount of amino groups regard
less of the nature of the remaining part of the peptide chain. 

No explanation of these facts and those observed by 
others o) •) s) 10) 11) will be given, as the reaction of glycine with 
nitrous acid appears to be very complicated 12). 

10) M. Viscontini, Helv. Chim. Acta 29, 1491 (1946). 
11 ) P. Cristo!, Ch. Benezech and S. Lissitzky, Bull. soc. chim. France 1948, 526. 
12) A. T. Austin; J. Chem. Soc. 1950, 149. 
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Preparations. 
Glycyl-glycine was prepared from 2,5-diketopiperazine. The method of Demby 13 ) 

was slightly modified. 
Diketopiperazine 14 ) (5.0 g) was powdered and suspended in 50 ml water; 7.9 g 

Ba (OH) 2 8 aq. ( 15 % excess) was added. 
After three hours at room temperature, with occasional shaking. a clear solution 

was obtained. The Ba (OH) 2 was removed by introducing C02 and filtering off the 
precipitate. After the filtrate had been reduced to a small volume and alcohol added, 
4.5 g (78 %) crystalline glycyl-glyciae separated. 

Diglycyl-glycine was prepared in a manner described in a preceding chapter. 

Glycyl-alanine was prepared in the usual manner 15). 

13) K. G. Demby, Biochem. Z. 81, 166 (1917). 
14 ) H. F. Schott, J. B. Larkin, L. B. Rockland and M. S. Dunn, J. Org. Chem. 

12, 490 ( 1947). 
15) E. Fisher, Ber. 37, 2490 (1904); 40, 945 (1907). 
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APPENDIX II. 

PREPARATIVE CHROMATOGRAPHIC SEPARATION 
OF GLYCINE, SARCOSINE AND DIMETHYLGL YCINE 

USING STARCH. 

Glycine, methylglycine (sarcosine) and dimethylglycine can be quanti

tatively separated in starch columns using water-alcohol 2: 1 (v/v) as 

eluting agent. If amino acid hydrochlorides are to be separated, the eluting 

agent must be acidified with HCI. 

Likewise the partial separation of some peptides has been achieved by 

applying water-alcohol 2 : 1. 

Introduction. 
Synge was the first to use starch in chromatography and succeeded 

in separating some amino acids and peptides. His method has been 
highly developed by Moore and Stein 2-6). Mainly the procedure of 

the latter authors was used for the separation of glycine, sarcosine and 

dimethylglycine on a micropreparative scale. 

Apparatus and procedure: 

The chromatographic tube was of the Zechmeister-Cholnoky type 7) (fig. 1). 

The starch (from N.V. "Brocades, Stheernan en Pharmacia") was treated 8 ) as 

described by Synge 1). 

1 ) R.. L. M. Synge, Biochem. J. 38, 285 (1944). 
2 ) S. Moore and W. H. Stein, Ann. N.Y. Acad. Sci. 49, 265 (1948). 

Compare P. Edman, Acta Chem. Scand. 2, 592 (1948). 
3 ) W. H. Stein and S. Moore, J. Biol. Chem. 176, 337 (1948). 
4 ) S. Moore and W. H. Stein, J. Biol. Chem. 176, 367 (1948). 
5 ) S. Moore and W. H. Stein, J. Biol. Chem. 178, 53 (1949). 
6 ) W. H. Stein and S. Moore, J. Biol. Chem. 178, 79 (1949). 
7 ) L. Zechmeister and L. v. Cholnoky. .,Die chromatographische Adsorptions

methode". 
8 ) Washing by decantation six times with ten parts by weight of distilled water 

and air drying at room temperature. 
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The precautions necessary when using eluting agents partly miscible with water, 
taken by Moore and Stein 3 ), have been omitted. 

Fractions were collected in a simple fraction-collector which every 20 minutes 
brings an empty receiver under the column D). 

----~r 

\ 
--~ --

§ 
$ 

Fig. 1. The rim at the bottom of the shaft of the funnel is notched. 

For the development of the chromatogram a layer of a few cm eluting agent on 
the surface of the column was sufficient to cause 1.5 to 2 ml solvent to run through 
the column per 20 minutes. 

In order to obtain fractions of sufficiently equal volume it is desirable to keep the 
solvent at a constant level. This can be done by using a dropping funnel (fig. 1). 

The dimensions given are suitable for the use of water. For other solvents the 
opening at the bottom of the shaft is too large and has to be reduced by inserting 
a small stopper, with a lateral cut, in such a way as to make the cut join with the 
notch in the shaft. 

The upper part of the dropping funnel is filled with solvent, the bottom end of 
the shaft is then placed on the bottom of a small vessel and the cock opened, thus 
allowing the shaft to be filled; only a little of the solvent required to reach the level 

9 ) L.A. /E. Sluyterman and H.J. Veenendaal, Chem. Weekblad 45, 90 (1949). 
Cf. Z. anal. Chem. 130, 353 (1950). 

In the latter abstract there was a misunderstanding. In the circular rack there are 
receivers and no adsorbent columns to be contained; one column is mounted above 
the rack. 
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of the notch, runs out into the vessel. After the cock is closed the funnel can he 
brought into position (see fig. 1) without the liquid running out of the shaft. 

The presence of glycine and sarcosine in the fractions was determined by spot 
testing with ninhydrin on filter paper 1) 3). The spot tests for dimethylglycine were 
made with tropeolin 00 and HCl vapour 10 ). 

The chromatographic behaviour of an amino acid can be characterised by the 
so-called "specific retention volume" 11 ), the volume of eluting agent run throu\)h 
the whole length of the column from the beginning of the development till the 
moment that the maximum of the amino acid band appears out of foe column, 
divided by the amount of absorbent, thus: 

total volume run out - volume mobile phase of the column 
V ~--c 

gram absorbent 

The amount of mobile phase of the column was found from the difference in 
weight of the wet column and of the absorbent used for this column, saturated with 
solvent by keeping in solvent vapour. For a column of 90 g initially air-dry starch 
this amounted to about 45 ml. 

As the colorimetric method of l'vloore and Stein 4 ), using ninhydrin for determining 
the amino-acid content of each fraction, could not be applied to dimethylglycine, all 
fractions belonging to one band were combined, concentrated to dryness on a water
bath, dissolved in 85-90 % aqueous alcohol and titrated potentiometrically. 

Application to a known mixture of glycine, sarcosine and dimethyl
glycine. 

For several reasons it was desirable to analyse samples of about 
100 mg. When using the solvent mixtures most recommended by 
Moore and Stein 12 ), owing to insufficient solubility of the compounds 
the liquid volume would have to be too large to be easily handled. As 
no adequate separation could be obtained by using water 2 ), water
akohol 2 : 1 ( v /v) was applied. The recoverie3 in three experiments 
are given in table I. 

Table I. 
Recoveries in percent obtained by the separation of about 80 mg glycine, 

20 mg sarcosine and 4 mg dimethylglycine in a column of 60 g starch. 

I 
I 

II 
----~--------~-- ---~---~----

Glycine 
Sarcosine 
Dimethylglycine 

100% 
9:) °io 

(51 °/ol 

100% 
98 °!o 

10250/o 

Ill 

99 ° 0 
101 50/o 
98 % 

mean 

100% 
99s O/o 
100 °10 

0.85 
0.5 
0.35 

10 ) L.A. /E. Sluyterman and H.J. Veenendaal, Rec. trav. chim. 68, 717 (1949). 
11 ) A. Tiselius, Kolloid-Z. 105, 101 (1943). 

S. C!aesson, Ann. N.Y .. Acad. Sci. 49, 185 (1948). 
12 ) n Butanol, n butanol-benzyl alcohol I : 1. n propyl alcohol -0.5 n HCl 2 : 1, 

tert. butanol-sec butanol -0. 1 n HCl 2 : I : 1. 
13) Calculated per gram anhydrous starch. 
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In experiment I the recovery of dimethylglycine was very low, due 
to sublimation of this compound. Loss could be avoided by con
centrating the fractions containing dimethylglycine only partly on the 
water bath and removing the last portion of the solvent in vacuo over 
KOH in a desiccator. 

There was no advantage either in increasing the alcohol content of 
the eluting agent to 50 % or in using methanol instead of ethanol. 

The effect of hydrochloric acid on the separation. 

From the amino-acid hydrochlorides formed when a protein or pep
tide is hydrolysed by means of HCI. the greater part of the bound acid 
can be removed by repeatedly dissolving the hydrolysate in water and 
evaporating in vacuo . .This is a hazardous procedure when dimethyl
glycine is present, owing to sublimation of this substance. An attempt 
to separate amino-acid hydrochlorides with water-alcohol 2 : 1 failed. 

Good results were obtained by acidifying the eluting agent to the 
same normality of HCI as the amino-acid solution and using a column 
of 90 g starch. 

The column was prepared from a suspension of starch in 0.67 n HCl-a!cohol 
2 : 1 and washed with 400 to 500 ml of the same solvent. Glycine ( 402.9 mg), sar
cosine ( 87.3 mg) and dimethylglycine ( 16.3 mg), dried in vacuo over P20;, at 100° C 
(a part of the dimethylglycine was lost by sublimation during this treatment) were 
dissolved in 10 ml water-alcohol 2 : 1. Of this solution 2 ml were mixed with 1 ml 
2n HCl-alcohol 2 : 1 ( = the amount approximately equivalent to the amino acids), 
transferred to the column and eluated with 0.67 n HCl-alcohol 2 : l. 

One paper strip with drops of the fractions was kept in the vapour of 30 % tri
methylamine for some minutes in order to neutralize the HCl before applying nin
hydrin. A second strip was treJted with tropeolin 00 solution and kept in vacuo over 
dilute KOH for some hours. After the HCl had thus been removed by evaporation, 
the strip was treated in the usual way with air laden with HCl vapour 10 ). 

As the above mentioned amount of dimethylglycine was too small to be clearly 
shown in the effluent hy means of the spot test. the relative position of this amino 
acid with respect to the other two was established first by some experiments with 
larger amounts of dimethylglycine. 

Tab 1 e II. 

Recoveries in percent obtained by the separation of glycine, sarcosine and 
dimethylglycine with acidified eluting agent. 

I I I 
I II 

I 
III 

' 
mean 

I 
vml,!g 

' ---------

I 

I 

I 
Glycine 1020/o 100 O/o I 9950/0 1005 O/o 0.55 
Sarcosine 102% 10350/o: 1015% 102 °10 0.35 
Oimethylglycine 95 O/o I 960/o 10450/o 985 o,'o 

I 
0.25 

i 1 
I 

33 



Separation of tetraglycine from sarcosyl-triglycine and N-dime.
thylglycyl-triglycine . 

The solvent mixture water-alcohol 2 : I appeared to be suitable for 
this purpose too (table III). 

Tab 1 e III. 
Recoveries in percent obtained by the partial separation of 14 mg tetra
glycine, 30 mg sarcosyltriglycine and 8 mg dimethylglycyl-triglycine in a 

column of 60 g starch. 

I I I II I III I IV 
I 

mean 
I 

vml/g 
! I I I 
J 

I 
Tetraglycine I 995 O/o 1070/o 1000/o 965% JOI °Jo 0.85 
Sarcosyltriglycine + 
dimethyltetraglycinel 99% I 1020/o 995% 945% 99% 0.45 

I ! 

Although only about 50 mg mixture was applied for each separation, 
the bands were wider than those of the amino acids. ,This prevented 
the separation of the methylated peptides, but this, however, was no 
disadvantage for the purpose in view. 

The spreading in the recoveries was greater than with the amino 
acids. This may be partly due to smaller amounts of substance being 
used, leading to relatively less accurate titrations. 
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SAMENVATTING 

Door het onderzoek, beschreven in dit proef schrift. werd vastgesteld 
dat de methyl-esters van de tripeptiden diglycyl-glycine en alanyl
glycyl-glycine enerzijds en van de tetrapeptiden triglycyl-glycine en 
alanyl-diglycyl-glycine anderzijds op markant verschillende wijze 
reageren bij verhitting in de vaste toestand. Weliswaar daalde van 
alle peptide esters het methoxyl-gehalte; van de tetrapeptide esters 
echter in hoofdzaak na een inductieperiode. Deze periode duurde voor 
triglycyl-glycine methyl-ester bij 100° C ongeveer 200 uren, bij 185° C 
slechts 3 minuten; voor alanyl-diglycyl-glycine methyl-ester bij 100° C 
ettelijke maanden. 

W er den kristallen van trig lycyl-g lycine methyl-ester fijn gewreven 
alvorens op 100° C te warden verhit, clan was de inductieperiode 
iets korter clan die van niet gepoederd materiaal. In methanol opgelost 
vertoonde de ester bij deze temperatuur in het geheel geen inductie
periode. 

De verhittingsproducten van de methyl-esters van diglycyl-glycine 
en triglycyl-glycine werden onderzocht. Het product, ontstaan 
door de tetra peptide ester 600 uren op 100° C te houden, waarin 
vrijwel geen methoxylgroepen meer aanwezig waren, bestond 
voor 90 % uit in water oplosbaar, voor 10 % daarin onoplosbaar mate
riaal. Bewezen werd, dat de oplosbare fractie bestond uit een mengsel 
van de peptiden triglycyl-glycine, sarcosyl-diglycyl-glycine en N
dimethylglycyl-diglycyl-glycine, ontstaan doordat de methyl-groepen 
van de zuurstof der carboxyl-groepen waren verhuisd naar de stikstof 
der eindstandige amino-groepen. 

Aangetoond werd, dat in enige monsters, genomen gedurende de 
reactie, ongeveer 5 % sarcosyl-diglycyl-glycine methyl-ester als tussen
product aanwezig was. 

De bovengenoemde 10 % onoplosbare fractie en de producten 
verkregen door triglycyl-glycine methyl-ester te verhitten bij 185° C 
in de vaste toestand of bij 100° C opgelost in methanol. bes ton den 
uit in water onoplosbare stoffen. waarin na hydrolyse kleine hoeveel
heden sarcosine waren aan te tonen. Deze onoplosbare stoffen bleken 
van dezelfde aard te zijn als het product dat ontstaat onder afsplitsing 
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van methanol. wanneer diglycyl-glycine methyl-ester bij 100° C wordt 
verhit, waarvan vroeger werd aangenomen dat het bestond uit poly
glycine ester, maar dat eveneens sarcosyl-resten bleek te bevatten. 
Ook bij verhitten van diglycyl-glycine methyl-ester op 100° C treedt 
dus verhuizing van methyl-groepen op, zij het in mindere mate clan 
bij triglycyl-glycine methyl-ester het geval is. 

In de discussie werd er op gewezen, dat zowel het optreden van 
een inductieperiode, als het feit dat in triglycyl-glycine methyl-ester 
bij 100° C verhuizing van methyl-groepen overheerst boven poly
condensatie, op rekening gesteld zouden kunnen worden van de star
heid van het kristalrooster. 
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STELLING EN 
I 

De door Roller uitgevoerde berekening van het aandeel der meet
onnauwkeurigheid in de fout bij een potentiometrische titratie naar 
het inflectiepunt is onjuist. 

P. S. Rollet\ J. Am. Chem. Soc. 50, 1 ( 1928); 54, 
3486 ( 1932). 

II 

In de formule van Levasseur voor de bepaling van de zogenaamde 
.. pH pondere" moet de term achter het log-teken worden vermenig
vuldigd met K/K', waarin K de dissociatieconstante is van zuiver 
water, K' die van het water in het milieu waarin de pH wordt 
gemeten. 

A. Levasseur, Compt. rend. acad. sci. 228, 1648 ( 1949). 

III 

De verlaging der (spectroscopisch gemeten) pK-waarden van de 
phenolische hydroxyl-groepen in ovalbumine en p-lactoglobuline, die 
plaats vindt bij denaturatie, kan worden verklaard door daarbij 
optredende vergroting der afstanden tussen de carboxyl- en hydroxyl
groepen en tussen de hydroxyl-groepen onderling. 

J. L. Crammer en A. Neuberger, Biochem. J. 37, 302 
(1943). 
E. S. Bruigom, dissertatie Leiden 1950. 

IV 
Het feit, dat de ontwikkeling van C02 bij de proeven van Waley 

en Watson met sarcosine-N-carbonzuur anhydride in het begin niet 
als een reactie van de eerste orde verloopt, kan worden verklaard 
door aanvankelijke aanwezigheid van kleine hoeveelheden water. De 
door deze auteurs getrokken conclusies zijn derhalve voorbarig. 

S. G. Waley en J. Watson, Proc. Roy. Soc. A 199, 
499 (1949). 
J. H. Fessler en A. G. Ogston, Trans. Faraday Soc. 
47, 667 (1951). 



• 

v 
Aronoff heeft aangetoond, dat onder bepaalde omstandigheden 

lysine niet een maar meer vlekken vertoont op papierchromatogrammen. 
De door hem voorgestelde verklaring is onjuist. 

S. Aronoff, Science 110, 590 ( 1949). 

VI 

Er bestaat geen essentieel verschil tussen de zogenaamde partitie
chromatographie en de adsorptie-chromatographie. 

A. J.P. Martin, Ann. Rev. Biochem. 19, 518 (1950). 

VII 

De conclusie van Cherchez, dat de door alkalische verzeping van 
carboaethoxy-diglycylglycine-aethylester verkregen verbinding waar
schijnlijk geen product is van een omlegging als bij carboaethoxy
glycylglycine-aethylester werd geconstateerd, is niet gerechtvaardigd. 

M. V. Cherchez, Bull. soc. chim. France 49, 324 
(1931). 

VIII 

De resultaten van de proeven van Hodgson met diazosulfonaten 
kunnen worden verklaard door een geringe dissociatie in sulfiet- en 
diazonium-ion van de labiele vorm en !everen geen argument voor de 
structuur daarvan. 

H. H. Hodgson en E. Marsden, J. Chem. Soc. 1943, 
470. 

IX 

Het is onwaarschijnlijk, dat inwerking ,,zonder verhitting" van 
overmaat natriumnitriet en geconcentreerd zoutzuur op 1 mo!. mono
methylol-ureum zou leiden tot het ontstaan van slechts 1 mo!. stikstof. 

G. Walter, Trans. Faraday Soc. 32, 380 (1936). 

x 
De gevoeligheid van een massaspectrometer is op te voeren boven 

de door Forrester en Whalley aangegeven grenzen, door middel van 
een versterker met een versterkingsfactor die toeneemt met de 
frequentie. 

A. T. Forrester en W. B. Whalley, Rev. Sci. Instr. 
17, 549 (1946) . 



XI 

De verklaring van Konig van het gedrag van anorganische 
kristallen in een electronenmicroscoop is te verkiezen boven de ver
klaring van Watson en Preuss. 

H. Konig, Naturwiss. 35, 261 (1948). 
J. H. L. Watson en L. E. Preuss, J. appl. phys. 21, 
904 (1950). 

XII 

De door Duggan c.s. meegedeelde feiten omtrent de invloed van 
natriumdodecylsulfaat op de verandering van het absorptiespectrum 
van ovalbumine door bestraling met U.V. licht, kunnen worden toe
geschreven aan lichtverstrooiing. 

E. L. Duggan, A. C. Giese en J. M. Luck, Arch. 
Biochem. 28, 17 4 (1950). 
E. Treiber en E. Schauenstein, Naturwiss. 4 b, 256 
(1949). 

XIII 

Het gebrek aan overeenstemming tussen berekend en gemeten 
absorptiespectrum van insuline, dat Kaplan c.s. in tegenstelling tot 
andere auteurs heeft gevonden, is grotendeels te wijten aan een reken-
fout. · 

E. H. Kaplan, E. D. Campbell en A. C. McLar•en, 
Biochem. Biophys. Acta 4, 496 (1950). 
J. L. Crammer en A. Neuberger, Biochem. J. 37, 302 
(1943). 
E. S. Bruigom, dissertatie Leiden 1950. 

XIV 

Het is onjuist om het praeludium in c kl. t. uit de ,,Zwolf kleine 
Praludien oder Obungen fiir Anfanger" van J. S. Bach op het 
clavecimbel met het luitregister te spelen. 

Edition Peters, Kleine Preludien, Fughetten I no. 3. 
Wanda Landowska, H.M.V., DB 5008. 


