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The size of peptides which can be synthesized by the Merrifield
solid phase method (1) is limited by incomplete coupling reactions (2).
According to Merrifield the coupling reactions with all BOC-amino
acids go so nearly to completion, that it is unneccessary to introduce
a blocking step for free amino groups (3). For a number of peptide
sequences (e, g, Bradykinin (3) oxytocin (4,5, 6,7), deaminooxytocin (8),
s,s’ -dibenzyl—serin4-oxytocin (9) and antamanid (10,11) ) it was found
that the yield in every coupling reaction was very close to 100 %. In -
vestigations from our laboratory (2) show, however, that due to in -
complete coupling reactions failure sequences can be detected by sui-
table experimenis,

During the last year, methods for the quantitative determination
of the yield in the coupling reaction have been proposed (12,13, 14). Tri-
and tetrapeptides were synthesized, and free amino groups determined
during or after the coupling reaction. All three laboratories found that
peptide bonds involving amino acids with bulky side chains are not formed
as readily as others,

In order to investigate the influence of chain length and steric
hindrance on the yield of the coupling reaction, we have synthesized
the dodecapeptide (Leu—Ala)G. The method of Dorman (14) was selected
for the determination of amino groups. The methods proposed by

Weygand and Obermeier (12) and Esko et al, (13) are too time -
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consuming for routine analysis. Steric hindrance involved in the
use of voluminous reagents in these two methods, may in addition
lead to erroneous results.

For the synthesis of the dodecapeptide, the following solid
support was used: Polystyrol copolymerized with 2 % divynylbenzene
(200-400 mesh) was chloromethylated as described by Stewart and
Young (15) with the exception that n-hexane was used as solvent.

3.4 millimoles of chloride were found per g of chloromethylated

resin, In the esterification step, 1 g (5.25 mM) of BOC-alanine,

0.7 ml (5 mM) of triethylamine and 1. 5 g of chloromethylated resin
(5.1 mM chloride) were stirred in 50 ml of ethanol for 24 hours at

78° C. Deprotection was carried out with 1N HC1 in acetic acid.
Neutralization occurred with 10 % of triethylamine in N, N’ -dimethyl-
formamide. For the coupling, 10 millimoles of BOC-alanine or
BOC-leucine were used, with a reaction time of usually two hours.
Acetylation was carried out with a mixture of one part acetic acid
anhydride in two parts of 10 % triethylamine in N, N-dimethylformamide;
reaction time 20 min. Determination of free amino groups was carried
out after each coupling reaction, acetylation reaction and deprotection
reaction. Chloride was determined potentiometrically.

The results of the chloride titration are given in the tahle. The
first coupling step proceeds with a yield of 99,5 %, and with a yield
of 100 % when the coupling is repeated with fresh BOC-amino acid
plus dicyclohexylecarbodiimide. The next five coupling steps also
give almost quantitative yields after repetition of the coupling reaction,
In later coupling steps the following becomes obvious: a} The yield
in peptide bond synthesis decreases steadily with increasing chain
length. This is more pronounced for leucine as carboxyl component
than for alanine which is explained by the greater steric hindrance
in the case of leucine. b) Carrying out of the coupling reaction for a
third time does not increase the yield. One has to assume that the
unreactive amino groups are somehow buried. <) Acetylation of these
unreactive amino groups is of value only when amino groups of alanine
have to be blocked. If alanine does not react with the free amino groups
of leucine, as is the case in the tenth coupling step, acetic acid anhydride

does not react either. Again steric hindrance must be the explanation.
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The dodecapeptide was formed with a yield of about 40 %. The product
obtained after treatment of the peptide resin with hydrogen bromide in
trifluoroacetic acid was subjected to partial hydrolysis and the failure
sequences Leu-Leu and Ala-Ala determined (2). About 4 % Leu-Leu
and no Ala-Ala were found. If the coupling reaction proceeds with a
low yield, repetition of the reaction as well as subsequent acetylation
are only of limited value, Since the acetylation reaction may in addition
give rise to side reactions, acetylation can not be recommended for the
effective blocking of amino groups. Results similar to those described
were obtained when the dodecapeptide was synthesized on a resin with
a capacity of about 0,7 millimole chloride per g of resin (16). Our
investigations show, that it cannot be taken for granted that 'for any

desired sequence all reactions can be brought to 100 % completion (15)".

1) R.B. Merrifield, J. Am. Chem. Soc., ﬁé, 2149 (1963)

2) E. Bayer, W. Bruning, H. Eckstein, H. Hagenmaier, K. Hagele
and W. A, Ko6nig, J. Am. Chem. Soc., in print

3) R.B. Merrifield, Biochemistry 3, 1385 (1964)
4) E. Bayer and H. Hagenmaier, Tetrahedron Letters, 1968, 2037
5) M. Manning, J. Am. Chem. Soc., 90, 1348 (1968)

6) H.C. Beyermann, C.A. M. Boers-Boonekamp and H. Maasen van
den Brink-Zimmermanova, Rec. Trav, Chim., 87, 257 (1968)

7) D.A.J. Ives, Canadian J, Chem., 46, 2318 (1968)

8) H. Takashima, V. du Vigneaud and R. B, Merrifield,
J. Am. Chem. Soc., 90, 1323 (1968)

9) E. Bayer, W. Koénig, H. Hagenmaier, H. Pauschmann and
W. Sautter, Z. Analyt. -Chem., 234, 670 (1968)

H. Hagenmaler, Habilitationsschrift, Universitit Tiibingen 1969

)

11) Th. Wieland and Chr. Birr, Ann., 727, 130 (1969)
) F. Weygand and R. Obermeier, Z. Naturforschung 236, 1390 (1968)
)

K. Esko, S. Karlsson and J. Porath, Acta Chem. Scand., 22, 3342
(1968) -

14) I..C. Dorman, Tetrahedron Letters, 1969, 2319

15) J. M. Stewart and J.D. Young, W.H. Freeman Co.San Francisco 1369

16) II. Bayer, H. Hagenmaier, G. Jung, W. Parr, H. Ickstein, P.
Hunziker and B. Sievers, Proc. Xth Europ. Peptide Svmp.,
Padua 1969, in print

No.4



