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A series of solid-phase syntheses of the protected precursor /7 of DDAVP was carried out. Experi-
mental conditions were developed under which practically pure I can reproducibly be obtained
in yields better than 60%. The protected precursors of DDAVP obtained by liquid- and solid-phase
synthesis and DDAVP samples obtained from these precursors were undistinguishable by con-
ventional analytical or pharmacological assays.

During the past ten years we have employed the method of solid-phase synthesis® ™2

of peptides in many isolated cases. The results of our experiments, judged by the
yield and purity of the products obtained, and thus also the efficiency of the synthetic
procedure, widely varied. This is not a drawback in isolated cases, at least not an es-
sential one. If, however, our aim is to provide a routine base for solid-phase syn-
thesis — and this is the case of syntheses of a numerous of vasopressin and oxytocin
analogs — we are faced with the problem of optimalization of the procedure.

A great number of various solid-phase syntheses of oxytocin, vasopressin, and their
analogs have been reported. Since the early applications of Merrifield’s method*~°
in this field the reaction cycle has undergone numerous important changes and
methodical alterations decreasing the time of operation, increasing the purity of reac-
tion products, and improving the analytical purity of the process. It has been stated
in the early days® that the preparation of oxytocin by solid-phase synthesis is much
faster than by liquid-phase synthesis. During the past few years considerable atten-
tion has been focused on the optimalization of the yields of the process'®~!. The
synthesis of oxytocin on the benzylhydrylamine and the Merrifield resins was recently
examined from this aspect'?. The majority of syntheses of oxytocin and vasopressin
peptides are effected at present by a “mixed-type synthesis”, i.e. the condensation
is carried out by the carbodiimide method (with the addition of N-hydroxybenzotria-

M Part CLI in the series Amino Acids and Peptides; Part CL: This Journal 44, 275 (1979).
‘The symbols and abbreviations common in the chemistry of amino acids and peptides are used
in this paper. Unless stated otherwise the amino acids are of L-configuration.
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zole if necessary“), asparagine and glutamine are incorporated via activated esters
(mostly p-nitrophenyl esters, the reaction being catalyzed by hydroxybenzotria-
zole®''5). Syntheses of the “single type” have been described in the oxytocin se-
ries'®~1°. The vasopressins, including DDAVP, have so far been prepared by the
“mixed-type procedure”. The “single-type” synthesis of arginine-vasopressin on the
benzylhydrylamine resin was described not long ago?!?.

This study was intended to follow the possibly simplest synthetic scheme (“single-
-type” synthesis) which would be reliable and would give good yields. The classical
Merrifield resin was used as a carrier. The synthetized peptide was split off the resin
by ammonolysis®2°. This approach permits the purity of the peptide to be checked or,
if necessary, the protected peptide to be purified or further modified. We carried
out several experiments designed to examine the relation between several basic indices
(coupling period, repeating of coupling step, concentration, deblocking time) and
the yield and purity of the reaction product. We used the usual combination of protect-
ing groups (Boc — mobile; Tos — stable; Bzl — thiol groups; we did not protect
the hydroxyl group of tyrosine). The condensation was effected by dicyclohexyl-
carbodiimide, the removal of the Boc residue by trifluoroacetic acid. The purity
of the protected peptide was checked by the determination of melting point, optical
activity, amino acid composition, and by thin-layer chromatography. To save the
relatively expensive D-arginine, the initial experiments were carried out with L-argi-
nine.

It has been shown®~7'2! that oxytocin and vasopressin prepared by liquid- and
solid-phase synthesis have the same chemical, pharmacological, and biological pro-
perties. However, even to date we meet with an opposite opinion according to which

the peptides prepared by solid-phase synthesis are inferior and unsuitable for phar= -

macological and particularly clinical studies. The question of equivalence of peptides
prepared by liquid- and solid-phase synthesis was of essential importance for our
future work. Therefore, simultaneously with studies on the methodical angle of the
problem, we also coropared the products prepared by liquid- and solid-phase
synthesis. For this reason we chose DDAVP for our experiments whose properties
are well known and can be analyzed by reliable and dependable tests.

The quality of the products prepared under different conditions, as judged by the
melting point, was essentially the same, naturally with the exception of the product
prepared in the first experiment where the unreacted amino groups were not blocked
after the first condensation. (The key experiments are listed in Table I. Each value
is a mean of two experiments.) In all cases we were able to obtain by one single
crystallization from aqueous acetic acid a product of practical purity, comparable
with the purity of products obtained by liquid-phase synthesis and used for the pre-
paration of DDAVP. The optical activity of once crystallized samples was by about
2° lower than the activity of comparable products prepared by liquid-phase synthesis.
After additional crystallization from the same solvent system their optical activity

Collection Czechoslov. Chem. Commun. [Vol. 44] [1979)



Synthesis of [1-B-Mercaptopropionic Acid, 8-p-arginine]vasopressin 1175

increased to a value corresponding to that of a pure product prepared by liquid-phase
synthesis. The yields varied widely according to the reaction conditions. From this
viewpoint repeated condensation was more favorable than single-run condensation
or repeated single-run condensation carried out for a prolonged reaction period.
Repeated short-time deblocking in 30% solution of trifluoroacetic acid in dichloro-
methane was superior than long-time deblocking in 80% solution. Very satisfactory
yields were obtained with a combination of repeated, short-time deblocking in 30%
trifluoroacetic acid, even when a 1-5-fold excess of Boc-amino acids was used. The
increase of the concentration of the reaction components resulted in a small yet
marked increase of the yield. If the reaction cycle is viewed from the point of time
consumption, simplicity, and yields, then the most convenient one appears the
procedare employed in experiments 5 and 7: either simple, relatively long coupling
(4 h) combined with repeated deblocking in 30% trifluoroacetic acid (exp. 5) or
repeated, short-time coupling with a 1-5-fold excess of Boc-amino acids, carried
out in a more concentrated solution and with repeated deblocking in 309 trifluoro-
acetic acid. Other possibilities of optimalization of the process are obvious.

The liquid-phase synthesis of II is intended as a fragment condensation and de-
signed so that D-Arg is involved in the possibly smallest number of reaction steps?2.
The yields of II prepared by routine syntheses are 20 —35% (calculated in terms of Gly

TasLE 1
Solid-phase Synthesis of DDAVP

Condensation Deblocking
. Yield Yield
E; - Boc- . . s .
:]z:rtl am(;so time, min concentration of ume, min - crude o'g' cryst. 0.(1:).
acid CF;COOH/CH,Cl, — % %
equiv., 1 2 1% .2
14 3 120 — 80 60 — 616 65—180 24 196—198
2b 3 120 120 80 60 — 40 175—185 23 195—197
3 3 120 120 80 60 - 72'5 183—195 50 197—199
4 3 240 — 80 60 — 505 184—191 35 195—198
5 3 240 — 30 5 15 885 187—194 63 195—198
6 1-5 20 30 30 5 15 796 180—189 45 195—198
7¢ 1-5 20 30 30 5 15 825 185—194 54 195—198

9 No blocking after condensation of Boc-Arg(Tos); b the condensation of Boc-Gln and Boc-Tyr
only was repeated. Deblocking repeated only with Boc-Gln; € reaction mixture whose concentra-
tion was 5 times higher.
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or D-Arg, respectively; the number of reaction steps involving D-Arg is 4 and the
average yields are 67-5—77-5%). The solid-phase process represents stepwise synthesis
from the carboxyl terminus. The best yield obtained in this study is 63% (calcu]ated
in terms of the first amino acid attached to the resin; 8 condensation steps, the aver-
age yield of individual step 94-5%). The yield of the solid-phase process is 1-8—3-15
times higher than the yield of the liquid-phase synthesis. The disadvantage of the
solid-phase synthesis which requires an approximately three-fold excess of the Boc-
amino acids is thus practically eliminated (we disregard the possibility of regenera-
tion of Boc-amino acids). The mass balance of the synthesis of 1I in solid and liquid
phase is therefore practically the same. The solid-phase version of the synthesis
of I is considerably more simple from the point of operation and substantially shorter.
From the point of effectiveness of synthetic work solid-phase synthesis is less laborious
and less time-consuming.

Product IT obtained by solid-phase synthesis was converted into I by conventional
procedures?®. The product could not be distinguished by the conventional tests
used as purity checks of I (TLC, electrophoresis, amino acid analysis, determination
of nitrogen, optical activity and UV-spectrum, po]arography) from the product
which had been prepared from the protected peptide obtained by liquid-phase
synthesis. The composition of crude I was the same regardless of the procedure
of preparation of II. Hence, the by-products found in the crude product are formed
while the protecting groups are split off in liquid ammonia and during the subsequent
operations. They are not formed during the synthesis of I and they are not characte-
ristic of the procedure of preparation of I.

The biological activity of I prepared from II obtained by solid-phase synthesis
was examined in the usual manner®* with two samples from two independent runs.’
The antidiuretic effect was 83% and 106% of a standard sample in the first and second
case, respectively. Therefore I prepared from IT obtained by solid-phase synthesis
has full biological activity.

EXPERIMENTAL

The instruments and analytical procedures used in this study are the same as those described
elsewhere?>. The chromatographic purity of the protected peptides was carried out in the system
tert-butanol-n-butanol-acetic acid-water (2:2:1:1). The syntheses were performed in an in-
strument operated manually. Chloromethylated polystyrene cross-linked by 2% divinylbenzene
served as a carrier (Calbiochem, Los Angeles, U.S.A.; chlorine content 5-9%). The preparation
of the resin for the synthesis and its esterification were carried out in the usual manner. The
glycine content of the resin was 0-88 mmol/g. Dried and freshly redistilled solvents were used.
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Syntheses of B-Benzylthiopropionyl-tyrosyl-phenylalanyl-glutaminyl-asparaginyl-
-S-benzylcysleiny]-pro]y]-NG-tosy]—D-arginyl-g]ycine Amide (II)

The reactions were carried out with 1-0 g of esterified resin in a 45 ml reaction vessel. The volume
of the reaction mixture (in all steps) was c. 20 ml. The Boc-groups were removed by a solution
of trifluoroacetic acid in dichloromethane. When two-step deblocking was used the washing
of the resin between the steps was omitted. At the end of the deblocking the resin was washed
three times with dichloromethane, neutralized by triple washing with 109 solution of triethyl-
amine in dichloromethane, and finally washed 5 times with dichloromethane. The condensation
reactions were effected mostly in dichloromethane, the condensation of Boc-Asn and Boc-Tyr
in a mixture cf dichloromethane and dimethylformamide (1 : 1). When repeated condensation
was used the resin was washed with dimethylformamide (3 times) and dichloromethane (3 times)
between the two condensations. The initial concentrations of the solutions were chosen so that
the reaction mixture be 1 molar with respect to the Boc-amino acid. After the first condensation
the unreacted amino groups were blocked by a solution of acetic anhydride and triethylamine
in dichloromethane (2 ml of acetic anhydride, 0-7 mi of triethylamire, and 17 ml of dichloro-
methane) (except for the first experiment). The condensations were effected by dicyclohexyl-
carbodiimide. When the peptide chain was extended by Boc-Asn and other Boc-amino acids,
an equivalent quantity of hydroxybenzotriazole was added to the reaction mixture. When the
Boc-group was removed from tyrosine, anisol (2 ml) was added to the reaction mixture. At the
end of the synthesis the washed and dried resin was suspended in methanol (40 ml of methanol
per 1 g of resin) in a pressure vessel, the suspension was saturated with ammonia at 0°C, the
vessel was sealed off, and the mixture was stirred 24 h at room temperature. The resin was filtered
off and extracted with hot (100°C) dimethy!formamide (3 times with 20 ml). The pooled filtrates
were taken to dryness at reduced pressure, the dry residue was triturated with ether, filtered off,
dried, and weighed. It was subsequently recrystallized from aqueous acetic acid, filtered off,
washed on the filter with water, dried, and weighed.

[1-B-Mercaptopropionic Acid, 8-p-arginine]vasopressin /

Product I was prepared from the protected peptide according 1023, In two independent experi-
ments 504 mg (227 mg) of the Ist lyophilisate and 202 mg (105 mg) of the 2nd lyophilisate were
obtained from 870 mg (420 mg) of the protected peptide. For C4qHgyN;40,,S, (1069-2)
calculated: 18-34% N; found: 14-90% N (15:45% N). The samples contained therefore 81%
(84%) of peptide, according to polarographic determination 75% (78%). [a]%)o —60-3° (—62-1°)
(c 0°5, IM-CH5COOH). Amino acid analysis: Tyr 0-98 (0-97), Phe 1-03 (1-03), Glu 0-97 (1-00),
Asp 0-98 (1-01), Pro 1-03 (1-05), Arg 1-00 (1-00), Gly 1-00 (0-95).

* " See Table I for complementary data.

REFERENCES

. Merrifield R. B.: J. Amer. Chem. Soc. 85, 2149 (1963).

. Merrifield R. B.: Biochemistry 3, 1385 (1964).

. Marshall G. R., Merrifield R. B.: Biochemistry 4, 2394 (1965).

. Takashima H., du Vigneaud V., Merrifield R. B.: J. Amer. Chem. Scc. 90, 1323 (1968).
. Manning M.: J. Amer. Chem. Soc. 90, 1348 (1968).

. Ives D. A. S.: Can. J. Chem. 46, 2318 (1968).

[ B RN

Collection Czechoslov. Chem. Commun. [Vol. 44} [1979)



11

78 Krchitdk, Zaoral

O 0 =

. Meienhofer J., Sano Y.: J, Amer. Chem. Soc. 90, 2996 (1968).
. Bayer E., Hagenmeier H.: Tetrahedron Lett. 1968, 2037. .
. Beyerman H. C., Boers-Boonekamp C. A. M., Maassen van den Brink-Zimmermanova H.:

Rec. Trav. Chim. Pays-Bas 87, 257 (1968).

. Upson D. A., Hruby V. J.: J. Org. Chem. 41, 1353 (1976).
. Yamamoto D. M., Upson D. A., Linn D. K., Hruby V. J.. J. Amer. Chem. Soc. 99, 1564

a777).

. Hruby V. J., Upson D. A., Agarwall N. S.: J. Org. Chem. 42, 3552 (1977).

. Live D. H., Agosta W. C., Cowburn D.: J. Org. Chem. 42, 3556 (1977).

. Konig W., Geiger R.: Chem. Ber. 103, 788 (1970).

. Shabbir Ahmed Khan, Sivanandaiah K. M.: Tetrahedron Lett. 1976, 199.

. Hruby V. J., Muscio F., Groginsky Ch. M., Gitu P. M., Saba D.: J. Med. Chem. 16, 624

(1973).

. Smith C. W., Ferger M. F.: J. Med. Chem. 19, 250 (1976).

. Stah] G. L., Walter R.:J. Med. Chem. 20, 492 (1977).

. Moore S., Felix A. M., Meienhofer J,, Smith C. W., Walter R.: J. Med. Chem. 20, 495 (1977).
. Bodanszky M., Sheehan J. T.: Chem. Ind. (London) 1964, 1423.

. Meienhofer J., Trzeciak A., Havran R. T., Walter R.: J. Amer. Chem. Soc. 92, 7199 (1970).
. Zaoral M., Kolc J., Sorm F.: This Journal 32, 1250 (1967).

. Zaoral M., Laine 1., Brtnik F.: This Journal 39, 2975 (1974).

. Vévra 1., Machov4 A., Krej¢i 1.: J. Pharmacol. Exp. Ther. 188, 241 (1974).

Translated by V. Kostka,

Collection Czechoslov. Chem. Commun. [Vol. 44] [1979]






