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Filed 12 Dec. 1974 (31) Convention Application No. 17550/73
(19) (32) Filed 14 Dec; 1973 in (33) Switzerland (CH) (44) Complete
Specification published 26 Oct. 1977 (51) INT CL2  C07C 103/52 (52) Index
at acceptance B3H  A3 (54) PROCESS FOR THE PURIFICATION OF PEPTIDES OF THE
CALCITONIN TYPE/ (71)   We,  CIBA-GEIGY AG, a body corporate organised
according to the laws of Sw    d,    BaleSwitzernddo hereby declare the
invention, for which we pray that a patent may be granted to us, and the
method by which it is to be performed, to be particularly described in and
by the following statement: - 5           In the synthetic  manufacture of
long-chain peptides from peptide fragments,       5 there are generally
formed, to a laser or greater degree, considerable amounts of by- products
whih are difficult to separate. Thus, in the amino acid chain certain amino
acid radicals can be present in the form of diastereomers; for example, in
the case of the synthesis of human calcitonin, described by Sieber et al
[Helv. Chim. Acta 53, 10     2135-2150 (1970)], the amino acid radicals
Leu[err], Leu[err], Thr[err], Phe[err] and His[err].       10 Furthermore,
there can occur in the case of sulphur-containing peptides an alkyladon or
an [err] acyl migration, as likewise described in the stated publication.
In order to remove such by-products, there are carried out, at the stage of
larger protected fragments and/or at the stage of the protected total
peptide and/or in the final 15     product itself, costly purification
operations, such as counter-current distribution,  15 electrophoresis or
chromatography. These operations render the manufacture of such long-chain
peptides on a commercial scale more difficult, for large quantities of
adsorbents and/or solvents are required, and these are difficult and costly
to recover. The terms   "peptides of the calcitonin type" or "calcitonin
peptides" as used in 20     this specification and in the claims means
polypeptides with 32 amino acids as present  20 in human calcitonin or in
derivatives  therof wherein the asparagine and/or glutamine residues are
replaced by the aspartic add and glutamic acid residues res- pecively, or
in hybrids of human calcitonin in which at least one and at: most 16 of the
amino-acids in the positions 2, 8, 10, 11, 12, 13, 14, 16, 18, 21, 23, 24,
25, 25     26, 27, 29, 30 and 31 are replaced by the aminoacids present in
the corresponding  25 positions of porcine thyrocalcitonin, or in which at
least one of the amino acids in positions  11,  12, 16, 17, 19, 20, 22 and
24 are replaced by the amino acids .as present  in the corresponding
positions of salmon cacitonin, and in which hybrids the  amino acid in
position 8, methionine, can be replaced by an a-lower alkyl- 30
a-aminoacetic acid, i.e. one wherein lower alyl has 2-4 carbon atoms, or
human             30 calcitonin-salmon calcitronin hybrids in which one or
more of the amino acids in positions 8, 12 16, 19, 22, 24, 26 and 27 of
human calcitonin are substituted by the amino acids as present in the
corresponding positions of salmon ealcitonin, the amino acid in position 8
being optionally also, beyond methionine or valine, another 35     a-lower
alkyl-a-aminoacetic acid than valine, and in which at least in one of the
35 positions 26 and 27 there is one of the amino acids as present in salmon
calcitonin, and desamino[err] derivatives and N[err]-acyl derivatives of
all thes compounds There has now been found a very simple purification
process for peptides of the calcitonin type    an isoelectric point lying
between the pH values of 5 and 40      0 (i.e. pI=5-10). The process of the
invention is characterised in that the calcitonin  40 peptide is
precipitated as the inner sak (free peptide) from an aqueous solution of a
salt with acids or bases by adjustment of the pH to the isoelectric range.
The expres- Sion isoelectric-"range" is used since, in the case of the
present compounds, the isoelectric point is not sharply defined but extends
over a fairly wide pH range, cp. 45     Kortum, Lehrbuch der Electrochemie,
Verlag Chemie, Weinheim, 1966, p. 336.      45 By isoelectric range is
understood the pH range of pI[err]approx. 1 pH unit. Surprisingly, the
peptide obtained by this mode of precipitation has a high degree of puriy,
since the above-mentioned by-products are not coprecipitated or, in the  



2                                                      1,490,079
2 case of the O-acyl derivatives, are converted back into the N-acyl
derivatives. The degree of purity of the products exceeds that of teh
peptides purified twice by counter-current distribution, namely at the
stage of the protected intermediates and in the final product (cp. e.g.,
Helv. Acta 53, 2135  (1970)). Calcitonin peptides of 5        high purity
are obtained  also  in    the   case   where   the   protected
intermediate (protected dotriacontapeptideamide) has been purified not by
counter-current distribution, but only by dissolving and reprecipitation.
The losses as a result of the purification opera- tions are less than
those in  the customary processes. The resulting product exhibits full
biological activity. 10              The method  was not to be anticipated,
for other long-chain peptides, such as      10 ACTH, insulin, glucagon,
cannot be purified in this manner. As mentioned above, the calcitonin
peptides having an isoelectric point in the range of pH  5 to 10, and which
can be purified according to the present invention, are primarily human
calcitonin (calcitonin M) and hybrids resulting from the substitution 15
of one or more amino acids of human calcitonin by other amino acids as
present           15 for instance in porcine calcitonin or salmon
calcitonin, and which show high calcium lowering  activity. Hybrids of this
type having amino acids of human calcitonin and of porcine calcitonin are
described e.g. in the UK patent specification 1,287,125: they derive from
human calcitonin by substituting at least one and at most 16 of 20
its amino acids in the positions 2, 8, 10, 11, 12, 13, 14, 16, 18, 21, 23,
24, 25, 26,         20 27, 29, 30 and 31 by the amino acids corresponding
to the same positions, of porcine calcitonin, the amino acid in position 8
optionally being also, apart from methionine (as present in human
calcitonin) or valine (as present in porcine calcitonin), an
a-lower-alkyl-a-aminoacetic acid, especially one wherein lower alkyl has
2-4 25     carbon atoms, particularly norvaline, leucine, isoleucine,
norleucine or a-aminobutyric     25 acid. In UK patent specification
1,333,723 there are described hybrids in which the amino acids sequence of
human calcitonin is modified by mono- or polysub- stitution in any of the
positions 11, 12, 16, 17, 19, 20, 22 abd 24 by aminoacids as present in the
corresponding positions in salmon calcitonin, while in the 8-position 30
there may be methionine or one of the above said a-lower
alkyl-a-aminoacetic acids,    30 including valine and the others mentioned
above. In UK patent specification 1,459,303 further hybrids stemming from
human calcitonin and salmon calcitionin are described in which exchange
amino acids of salmon calcitonin are optionally pre- sent in positions 8,
11, 12, 16, 19, 22 and 24, the 8 position being also optionally 35
substituted by the said a-lower-alkyl-a-aminoacetic acids, such as
norvaline, leucine,       35 isoleucine or a-aminobutyric acid, and in
which at least in one of the positions 26 and 27 there is one of the amino
acids as present in salmon calcitonin, viz asparagine in 26 position
instead of alanine, and /or threonine in 27 position instead of isoleucine.
40          The expression "lower" used in relation to an alkyl group
signifies that the    40 group has up to 4 carbon atoms. Percentages
referred to in this specification are percentages by weight. Derivatives of
human calcitonin or of its modified form with the aspartic and glutamic
acid aminoacids, as well as of the hybrids named above, are their 45
desamino-derivatives and especially also the N[err]-acyl-derivatives
thereof. In the latter    45 the radicals of carboxylic acids are such of
aliphatic, aromatic, araliphatic, heterocyclic and heterocyclyl-aliphatic
carboxylic acids, especially of lower monobasic or dibasic alkanoic or
alkenoic acids, particularly lower alkanoic acids having 1-4 carbon atom,
such as formic acid, acetic acid, propionic acid and butyric acids, and
also acrylic 50     acid and succinic acid, of alicyclic carboxylic acids
such as cycloalkylcarboxylic    50 acids, such as unsubstituted and
substituted benzoic acid or phthalic acid, of un- substituted and
aryl-substituted aryl-lower-alkyl- or alkenylcarboxylic acids such as
phenylacetic acid, of unsubstituted or substituted monobasic or dibasic
5-membered to 6-membered heterocyclic acids with nitrogen, sulphur and /or
oxygen as hetero atoms, 55     such as pyridinecarboxylic acids and
thiophenecarboxylic acids, or of heterocyclyl- lower alkanoic acids, such
as pyridylacetic acid, imidazolylacetic acid, wherein the substituents of
the rings are, for example, halogen atoms, nitro groups, lower alkyl 



groups or lower alkoxy groups or lower carbalkoxy groups. Further acyl
radicals to be mentioned are, in particular, acyl radicals of amino acids,
especially of a-amino 60     acids, such as glycyl; L-leucyl,
L-pyroglutamyl, also acyl radicals which re derived    60 from carbonic
acid or thiocarbonic acid or their esters or amides,for example,lower
alkoxycarbonyl groups, such as ethoxycarbonyl and tert.-butoxycarbonyl,
also un- substituted benzyloxycarbonyl and benzyloxycarbonyl substituted as
indicated above, carbamoyl and thiocarbamoyl as well as N-substituted
carbamoyl and thiocarbamoyl, 65       for example, N-lower alkylcarbamoyl,
N-phenylcarbamoyl and N-phenyl-thiocarbamoyl.       65    3
1,490,079                                       3 The human calcitonin  has
an isoelectric   range of 7-8. The shift of the iso- electric range on
replacement of certain amino acids by others can be experi- mentally
determined, for example, electrophoretically, or it can be calculated. The
isoelectric point of peptides can be calculated, for example, according to
J. Greenstein 5       and M . Winitz "Chemistry of the Amino Acids", Vol 1,
Ed. John Wiley &: Sons,          5 Inc, 'New York, London, 1961, p. 482 and
following. Suitable salts of peptides, which can be used as starting
material in the new process, are all salts that are soluble in water or,
optionally, in a solution of water and an organic peptide solvent, for
example, lower alkanols, especially methanol, ethanol, 10    isopropanol,
tert.-butanol or dimethylformamide or dimethylacetamide. Such salts
10 are, e.g.,' salts of mineral acids, particularly hydrohalic acids, or of
organic acids, especially acetic acid  and halogenated acetic acids such as
trifluoroacetic acid or dichloroacetic acid, also sulphonic acids such as.
lower-alkanoic sulphonic acids, for example, methanesulphonic acid,
or.benzenesulphonic or toluenesulphonic acids. The 15      peptide can also
be employed as salt with bases, for example, with ammonia or with    15
primary, secondary  tertiary or quaternary amines, e.g., corresponding
amines contain- ing as organic radicals one. or more lower alkyl,
cycloalkyl (having preferably 5-rin atoms) or aralkyl radicals,
particularly phenyl-lower-alkyl radicals, e.g., triethyl- amine,
cyclohexylamine, dicyclohexylamine, benzylamine or trimethylbenzylammonium
20      hydroxide, also with guanidine substituted by the organic radicals
mentioned, e.g.,    20 tetramethylguanidine. The peptide  is above all used
in the form of the salt which is obtained in a particular synthesis, for
example, in the form of the hydrochloride, the hydrobromide, the
hydrofluoride, the trifluoroacetate or the acetate. If desired, the salts,
in the form of which the peptide is obtained, can be converted into the 25
acetic acid salt before the purification operation, for example, by means
of ion      25 exchangers. The salt is dissolved in water or: in an aqueous
solution of an organic peptide solvent. The pH is measured and, depending
on whether there is present a salt with an acid or with a 'base, base or
acid especially an inorganic acid or inorganic base 30     is carefully
added until the isoelectric range is attained. As bases there are used,
30 for example, ammonia, aqueous  alkali, especially sodium hydroxide'
solution or potassium hydroxide solution, alkali carbonates or alkali
hydrogen carbonates, e.g., sodium carbonate or sodium bicarbonate, organic
bases such as the abovementioned amines,. or preferably basic ion
exchangers. Suitable ion exchangers are weakly basic 35      ones, those of
medium basicity, and strongly  basic ones. Such ion exchangers can     35
be obtained by polymerisation of suitable parent substances or  by
introduction of basic groups into polymers. It is advantageous to use
products obtainable com- mercially, for example, products based on
cellulose, such as DEAE Cellulose or DEAE Sephadex (Registered Trade Mark).
Particularly suitable ion exchangers are 40     those based on polystyrene,
which are marketed by various firms under different trade  40 names, e.g.,
the weakly basic Merck(Registered Trade Mark) ion exchanger No. II, or the
strongly basic Mer ion exchanger No. III, or the various commercial forms
of the basic Dowex (Registered Trade Mark). ion exchangers. or of the basic
Amberlites (Registered  Trade Mark).' If the isoelectric range is to be
attained by 45     acids, then there are used, for  example, mineral acids,
erably hydrohalic acids, 45 especially hydrochloric  acid, or organic.
acids, eg. acetic acid or citric acid, or acid ion exchangers corresponding
to the above-mentioned basic ion exchanges, e.g., those based on
polystyrene, such as "Amberlite." IR-120 or "Dowex" 50. 



When the isoelectric range is attained, there slowly commences the
precipita- 50     tion of the peptide. The precipitation process is allowed
to proceed for several hours,  50 e.g., for two hours, until it is
completed. During this period of time, the pH value increases by about one
unit. Thus, for example, the pH of calcitonin. M-acetate is approx. 4. On
addition of weakly basic ion exchanger, it rises slowly to 6.0 to 6.2: the
precipitation commences at this point In the course of a further 2 hours,
55     the pH increases to about 7.5, and then remains constant.
55 After the complete precipitation of the peptide, it is separated, for
example, by filtration with suction or by centrifuging, and subsequently
thoroughly washed with water. Since the precipitated  peptide is very
difficultly soluble in water, there occur in the process practically no
losses..If precipitation has been effected 60     by addition of ion
exchangers, then the free peptide has to be separated from         60 the
ion exchanger. This can be performed, for example, by a process in which
the peptide is converted by means of an acid into a desired water-soluble
salt, e.g., into the acetate or hydrochloride, and the solution is
separated from the ion exchanger, eg., by normal filtration or by
filtration with suction, and then lyophilised. If the 65     procedure has
not entailed the use of an ion exchanger, then, if desired, the pre-    65
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4 cipitated product can be converted into the required salt form by
-dissolving in acid and lyophilising. Acids suitable for the formation of
therapeutically usable salts are, for example, morganic acids, such as
hydrohalic acids, for example, hydloric acid or hydro- 5     bromic acid,
perchloric acid, nitric acid or thiocyanic acid, sulphuric or phosphoric
5 acid; or organic acids, such as formic acid, acetic. acid, propionic
acid, glycolic acid, lactic acid, pyruvic acid, oxalic acid, nalonic acid,
succinic acid, maleic.acid, fumaric acid,  malic acid, tartaric acid,citric
acid, ascorbic. acid, hydroxymaldc acid, dih - maleic acid, benzoic acid,
phenylacetic acid, 4-aminobenzoic acid, 4-hydroxybenzoic 10     acid,
anthranilic acid, cinnamic acid, mandelic acid, salicylic acid,
4-aminosilicylic acid,   10 2-phenoyoic acid, 2-acetoxybenzoic acid,
methanesulphonic acid, ethanesulphonic -acid, hydroxyethanesulphonic acid,
benzenesulphonic acid, p-tohienesulphonic acid, naphthalenesulphonic acid
or sulphanilic acid. The calcitonin peptides obtained by the process of the
invention can be used in 15     the form of pharmaceutical preparations.
These contain the peptides in admixture with  15 a pharmaceutical, organic
or inorganic carrier substance that is suitable, for example, for the
intravenous, intscular subcutaneous or. intranasal administration. Suitable
substances are those that do not react with the polypeptides, such as,
gelatine, agar- agar, tragacanth, cellulose, for example, "Avicel"
(Registered Trade Mark) (micro- 20     crystalline celllose) and cellulose
derivatives, such as carboxymethylcellulose, cellulose       20 ethers such
as methylcellulose or ethylcellulose; polyalkylene glycols, such as
propylene glycols, water, monohydric or polyhydric alcohols such as
ethanol, isopropanol, glycerol- and hexitol, vegetable oils and other fatty
-acid esters such as groundnut oil, cotton- seed oil, almond oil, olive
oil, casor oil, ethyl oleate, isopropyl myristate,isopropyl 25
palmitate, "Cetiol V" (oleic acid esters f liquid fatty alcohols),
"Miglyol" (Registered  25 Trade Mark) or "Labrafac' (triglyceride mixture
of fatty acids having 8-12 carbon atoms), "Labrafil M 2735" or "Labrafac WL
1219" (mixtures of glycerol and polyoxy- ethylene fatty acid esters),
"Arce" (Registed Trade Mark) (sorbitane fatty acid esters), "Tween"
(Registered Trade Mark) (polyoxyethylene sorbitane .monooleate), 30
silicone oils such asdimethylsicone oil, or other known medicinal
excipients.  The        30 pharmaceutical preparations can be, for example,
in the form of a lyophilisate,  or they can be in liquid form  as
solutions, suspensions, emulsions or sprays; see, for example, the German
Offenlegungsschrift No. 2,212,315. They are optionally sterilisd and/or
contain auxiliaries, such as preservatives, stabilisers, wetting agents or
emulsi- 35     fiers. They may also contain other therapeutically valuable
substances.                 35 The invention is described in the following
examples. The temperature values are given in degrees .Centigrade.   - The
following systems are used in- thethin-layer. chrograpical procedure:
System 43C: tertamyl alcohol/isopropanol/water (51:21:28);  - 



40          System 45: sec. butanol/3% aqueous ammonia(70:30);
40 System 52 n-butanol/glacial acetic acid/water (75:7.5:21); System 52A:
n-butanol/glacial a     acid (67:10: 23); System 70: ethyl
acetate/pyridinewater (40:20: 40), upper phase; System 79:
n-butanol/pyridine/water (34:33:33); System 96:  sec.-butanol/glacial
acetic acid/water (67: 10: 23);                45 System 100: ethyl
acetate/pyridine/glacial acetic acid/water (62:21:6:11); System 101A:
n-butanol/pyridine/glacial acetic acid/water (42:24:4:30); System 102A: .
ethyl acetate/methyl ethyl ketone/formic acid/water (50: 30:10: 10); 50
System 107: ethyl acetate/pyridine/water (49:24:27);
50 System 114: sec. butanol/methyl ethyl ketone/25 % aqueous NH/water
.(37:37:13:13); System 121: isopropanol/25% aqueous NH[err]/water (70:10:
20); 55          System 121A: isopropanol/25% aqueous NH[err]/water
(85:5:10); 55
55 DS: On silica gel ready-pr   plates SL 254 of Antec, Birsfelden. DC.: On
ready-prepared.cellulose plates of Merck, Darmstadt DA: On Alox plates (45
g of  [err] of Camag' Muttenz,+3.5 g of gypsum, thickness 0.3 mm). 60
The following abbreviations are used in the Examples:
60 Boc   tert.-butoxycarbonyl, Z   carbobenzoxy,    5
1,490,079                                     5. OtBu  tert.-butyl ester,
ONp  p-nitrophenyl ester, OMe  methyl ester, OSu   hydroxysuccinimide
ester, 5                                tBu tert.-butyl ethr,
.5 DMF dimethylformamide. Example 1 Pure calcitonin M-acetate 10       salt
of calcitonin M (Belgian Patent Specifica-  10 tion 737,890) is dissolved
in 5 ml of water. The pH value of the solution is 2.5. There is added with
stirring in the course of 15 minutes, in several portions, a total amount
of 0.6 ml of. Merck ion exchanger No. II, weakly basic, free base form; and
the pH value increases to 6.2. St   is continued for 30 minutes at room
temperature, in the 15    .course of which the pH value rises to 7.5 and a
flaky precipitation occurs. After 3  15 hours' stirring, the precipitate
and ion exchanger are filtered off under suction and subsequently washed
with water. The washing water contains 12 mg of by-products of calcitonin
AL. The precipitated calcitonin M  is separated from  the ion exchanger by
the 20      material being washed four times with 4 ml of 90% acetic acid
each time, and being  20 filterd each tme uder suction. The combined acetic
acid extracts are lyophilised to obtained 36 mg of calcitonin M in the form
of acetic acid salt. The product gives the water content according to Karl
Fischer:             8.1%;. 25              acetic acid content
(gas-chromatographically):       1.1%;                25 peptide content:
89.0%; fluorine  content (microanalytical): 0.02%; amino acid analysis
(6-N. HCI, 24h, 1100) all amino acids in the correct molar ratio, except
Ser, Thr, Cys, which: are partially decomposed during hydro- 30
lysis);                                                           -
30 UV spectrum (in 10%  acetic acid): [err]=275 mm, =1540. Example 2 Pure
calcitonin M-trihydrochloride 1. Calcitonin M-trifluoroacetate  (crude). 35
58.0g of Boc-Cys -Gly -Asn - Leu - Ser(tBu) - Thr(tBu)-(Cys - Met - Leu -
35 



Gly - Thr(tBu)-Tyr(tBu) - Thr(tBu) -  Gln- Asp(OtBu) - Phe - Asn - Lys(Boc)
- phe - His- Thr(tBu) - Phe - Pro - Gln - Thr(tBu) - Ala - Ile -Gly-
Val-Gly- Ala - Pro - NH[err] (14.3 mMol) is dissolved under nitrogen in 700
ml of trifluoroacetic cid (85%). This solution is allowed to stand for 2
hours at 30[err]. It is subsequendy 40     stirred into 6 litres ,of
peroxide-free ether, with good ice-cooling. The precipitate is  40 filtered
off, washed with ether and dried in high vacuum. There is obtained crude
trifluoroacetate of calcitonin M as a coloue powder. 2. Calcitonin M-inner
salt 43.5  of crude trifluoroacetate of calcitonin M obtained under 1. is
dissolved in 45      1 litre:of 1% acetic acid, 'filtered through a G-4
glass suction filter, and precipitated  45 with ammonia as follows: The
solution is stirred under nitrogen at room tem- perature, with the pH value
being continuously measured with a glass electrode. There s slowly added
dropwise approx. 1N anunonia solution so that after 1.25 hours a pH value
of 5 is attained. Within about one further hour, the pH'value is raised to
6 by 50     the uniform addition of a further amount of -the approx. 1N
ammonia solution,     50 whereupon the inner salt of calcitonin M commences
to precipitate out as an insoluble powder. The slow addition of ammonia
solution is continued until, in the course of approx. one further hour, the
pH value has reached 7.6. Stirring is subsequently main- tained for 3 hours
with scarcely no further change in the pH value occurring. The 55     whole
is then filtered, washed with diluted ammonia of pH 7.6 and dried in high
.55 vacuum. The yield is 18.9 g of a'water-insoluble powder. The
gas-chromatographical determination of acetic acid in a sample thus
obtained gives a.value of 0.3 per cent by weight of acetic acid
(corresponding to approx. 0.17 mo1%).    6
1,490,079                                     6 3. Calcitonin
M-trihydrochloride 27.3 g, 8.0 mMol) of calcitonin M-inner salis suspended
in 700 ml of t-butanoL There are added 250 ml of water and 360 ml of O.1N
hydrochloric acid (36 mMol); Stirring is carried out for several  inu,  d
the cloudy solution is subsequently 5      filtered through a G-4 glass
suction filter. The filtration residue is dissolved in a further  5 250 ml
of water, and is filtered to the first  filtrate. This is frozen and
lyophilised. After equilibration with the humidity in the atmosphere-there
is obtained 27.0 g of calcitonin M-trihydrochloride. The product yields the
following analycal data: thin-layer chromatogram on cellulose (Merck): 10
Rf=0.61 in the system lOlA  10 0.52 in the system  45 0.51 in the system
114 on aluminium oxide with 8%  gypsum          0.72 in the system 79. In
thin-layer. electrophoresis there appears a spot having a migration
distance 15      of 4.8 cmin the direction of the cathode, on cellulose
plates (Merck) and at pH 1.9;  15 9 V/cm and 3.5 hours running time. acetic
acid content (gas-chromnatographically):      <0.05% water content
according to Karl-Fischer:                8.5% chlorine content:
2.80%  cal. on 20
anhydrous tri-             20 hydrochloride: 3.02%). UV (in 10% acetic
acid): [err]= 275 nm, [err]=1440 The starting material used in the
Examples. 3, 4 and 5 can be produced as des- 25     cribed in the German
Offenlegungsschrift No. 2,413,1O6 (corresponding to the       25 Belgian
Patent Specification No. 812,881). Example 3 Pure [err]-calcitonin
M-trihydrochloride 1. [err]-calcitonin M-trifluoroacetate (crude). 30
S.8 g (1.41 mMol) of Boc - Cys - Gly - Asn - Leu - Ser(tBu) - Thr(tBu)-Cys-
30 Met - Leu - Gly - Thr(tBu) - Tyr(tBu),- Thr(tBu) - Gln - Asp(OtBu) - Phe
- Asn - Lys(Boc) - Phe  His - Thr(tBu)-Phe -Pro-Gln-Thr(tBu)-Asn -
Thr(tBu)- Gly - Val - Gly - Ala - [err] is dissolved under nitrogen in 70
ml of 85% 



trifluoroacetic acid at 0, and the solution is then stirred  for two hours
at 29-31. 35      The solution is poured into 600 ml of ice-cooled and
peroxide-free ether with vigorous   35 stirring; the formed filtrate is
filtered off and dried in high vacuum. 2. Asn[err]-Thr[err]-calcitonin M
inner salt The dried  precipitate obtained under 1. is dissolved in 130 ml
of water, filtered through a G4 glass frit,  and precipitated with diluted
ammonia as follows: the 40     solution is stirred under nitrogen at room
temperature, with   approx.1N ammonia  40 solution being slowly added
dropwise. The pH vilue' is continuouslym red with a glass electrode. The
dropwise addition is regulated in such a mannner that the pH assumes a
value of 5 within about 1.5 hours. In the course of a further hour, a pH
value of 6 is obtained by the continued addition of  ammonia. During this
period of 45     time,  the inner salt commences to pipitate. The dropwise
addition of diluted    45 ammonia solution is so maintained that witin a
further one hour a pH value of 7.6 is attained. Stirrig is continued.
Stirring is continued for a further three hours; filtration is then per-
formed and the residue is well washed with water of pH 7.5 (adjusted  by
ammonia).  . The.residue is subsequently dried in high vacuum. 50
3. [err]-calcitonin M-trihydrochloride.                                  50
The water-insoluble inmer salt obtained under 2. is suspended in 80 ml of
water/ t-butanol. (: 1). An addition is made of. 39.0 ml of 0.1N
hydrochloric acid, the whole is strred for several minutes under
nitrgenand':filted.ashing is s quently repeatedly performed with a total
amount of 120 nl of water/t-butanol 55     (1:1), and lyophilisation is
effectd. There is obtained a colourless lyophilisate, which  55 is
equilibrated with the humidity in the atmosphere. Yield: 3.13 g. The
product  yields the following analytical values:    7
1,490,079                                         7 thin-layer chromatogram
on cellulose (Merck): Rf=0.41 in the system 114 036 in the system  45 0.55
in the system 1OIA 5          on aluminium oxide with 8% gypsum:
0.49 in the system  52.             5 The migration distance in thin-layer
electrophoresis on cellulose plates (Merck) at pH 1.9 (formic acid) acetic
acid buffer), 9 V/cm and 3, 5 hours running time, is 4.8 cm. Example 4 10
Pure Thr[err]-calcitonin M-acetate                             10 80 mg of
crude Thr[err]-calcitonin M, acetic acid salt, is dissolved in 5 ml of
water; there is then added portionwise, with stirring, a total amount of
1.2 ml of Merck ion exchanger No. II, weakly basic, free amine form, and
the pH value of the solution increaes from the original 4.6 to 6.1.'
Stirring is maintained for a further 2 hours at 15      room temperature,
in the course of which a flaky precipitate separates out and the pH   15 of
the solution attains a value of 7.1. Stirring is continued for 30 minutes
at this pH value: the precipitate and the ion exchanger are together
filtered off with suction and thereafter well washed with water. The
peptide is then separated from the ion exchanger by stirring of the
mixture, whilst still moist, with 15 ml of 90% acetic 20     acid with
heating at 60[err], and filtration under suction of the acetic acid
solution.  20 Lyophilisation the  eluate yields 74 mg of
Thr[err]-calcitonin M-acetate having a very high degree of purity. Rf value
with thin-layer chromatography on cellulose plates in the system 52=0.50,
Rf =0.49 on aluminium oxide plates in the system 101A=0.52. 25         In
thin-layer electrophoresis (pH=1.9; 280V, 2 hours), the product migrates
4.4  25 cm towards the cathode. Acetic acid content:  4.22%
(gas-chromatographically); water content: 7.78%  (Karl Fischer titration);
peptide content: 87.4%  (titrimetrically); UV-spectrum:. [err]=276 nm;
[err]=1560 (c=2 in 5% acetic acid, calculated on peptide content of 87.4%).
Molar amino acid ratio after total hydrolysis (6-N. HCl, 30     24 hours,
110[err]) (ted values in brackets): Lys: 0.93 (1); His: 0.95 (1); NH[err]:
30 3.40 (4); Asp: 3.00 (3); Thr: 5.23 (6); Ser: 1.17 (1); Gln: 2.02 (2);
Pro: 2.06 (2);Gly: 3.87 (4); Ala: -2.03 (2); 1/2(Cys)[err]: 2.13 (2); Val:
1 (reference value); 



Met: 1.07(1); Leu: 1.82(2); Tyr: 0.99 (1; Phe: 3.06(3). Example 5 35
Cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-Thr-Leu-Thr-Gln-Asp-PheAsn-Lys-
35 Phe-His-Thr-Phe-Prow-Gln-Thr-Asn-Thr-Gly-Val-Gly-Ala-Pro-NH, Acetate
Leu[err]-Asn[err]-Thr[err]-caltonin M-acetate). 170 mg of
Boc-Cys-Gly-Asn-Leu - Ser(tBu) -Thr(tBu) -Cys - Met- Leu- Gly -Thr(tBu)-
Leu-Thr(tBu)-Gln- Asp(OtBu) - Phe-Asn -Lys(Boc) - 40      Phe- His
-Thr(tBu) - Phe-Pro - Gin - Thr(tBu) -Asn - Thr(tBu) - Gly - Val -
40 Gly - Ala - Pro-NH2  is dissolved in 5 ml of 90% trifluoroaceticacid,
and the solution is left to stand for 90' minutes at 250; the
peptide-trifluoroacetate is precipi- tated with peroxide-free ether,
filtered off with suction, rinsed with ether, dried, and dissolved in 1%
acetic acid. The solution is filtered through a column of Merck ion 45
cher (weakly  basic, acetate form) and. eluted with 1 %  acetic acid, and
the    45 eluate (116mg) is eluated. The resulting acetate is purified by
dissolving it in 5 ml of water (pH of the solution=4.2) and adding
portionwise, with stirring, a total amount of 2.8 ml of Merck ion exchanger
No. II (weakly basic, base form). In the course thereof, the pH of the
solution slowly rises, and when  it attains a value 50      of about 6.7
the free peptide commences to precipitate. Stirring is carried out for a
50 total of 2 hours, during which time a pH value of 7.1 is reached. The
precipitate and the ion exchanger are filtered off together with suction,
subsequently washed with water, and the peptide is then dissolved out of
the ion exchanger by stirring with 90% acetic acid heated to 60[err]C.
Filtration under suction is performed, the residue 55      is washed with
90% acetic acid and lyophilised. The yield is 98 mg of Leu[err]-Asn[err]-
55 Thr[err]-calcitonin M in the form of acetate of high purity. DC: Rf
(IOIA)=0.33; DA: Rf (52)=0.47. Example 6 60
Pure calcitonin M (acetate)                              60 110 mg of crude
calcitonin M-acetate is dissolved in 5 ml of water, and to    the solution
there is added portionwise in the course of 1 hour, with stirring,  1.0 ml
of Merck-ion exchanger No. III, strongly basic. During this time, the pH
value of the solution increases to 6.6, andthe precipitation of calcitonin
commences. After con- tinued stirring at room temperature, the pH value of
the mixture increases further 5      to 7.3 and remains constantthere.
5 The ion exchanger and the precipitated peptide are then together filtered
off with suction; the residue is subsequently washed with wa.ter, and the
peptide is dissolved Out of the ion exchanger by the addition o.' warm  90%
acetic acid. Filtration with suction is again performed, and the residue
-is then washed with 90% 10     acetic acid and lyophilised. There is thus
obtained calcitonin M-acetate of hIgh      10 purity; the analytical data
thereof correspond to those of the product oained in Example  1. WHAT WE
CLAIM  IS:- 1. Process for the purification of synthetically produced
peptides of the calcitonin 15      type as herinbefore defined  having   an
isolectric point which is between the pH     15 values. of 5 to 10, wherein
the calcitonin-peptide is precipitated as the inner salt(free peptide) from
an aqueous solution of a salt with acids or bases by adjustment of the pH
to the isoelectric range as hereinbefore defined,. 2. Process according to
claim 1, wherein the starting material used is a salt of 20      calcitonin
M,
20 3 . Process according to claim 1, wherein the starting material used is
a salt of a hybrid of calcitonin M in which one or more of the amino acids
have been replaced  by amino acids present in the corresponding positions
of porcine calcitonin as hereinbefore defined. 25          4. Process
according to claim I, wherein the starting material used is a salt of  25 a
hybrid of calcitonin  M  in which one or more of the amino acid have been
repaced by amino acids present in the corresponding positions of salmon
calcitonin  as hereinbefore defined. 



5. Process according to claim 1, wherein the star  material used is a salt
of a 30      desamino[err] derivative of any of the calcitonin peptides
mentioned in claims 2 to 4.    30 6. Process according to claim 1, wherein
the starting material used is a salt of an N[err]-acyl derivative of any of
the calcitonin peptides mentioned in claims 2 to 4.  . 7. Process according
to any one of claims 1-6, wherein the starting material used is the impure
peptide in the form of a salt with a hydrohalic acid. 35           8.
Process according to any one of Claims 1-6, wherein the starting material
35 used is the impure peptide in the form of a hydrochloride. 9. Process
according to any one of Claims 1-6, wherein the starting material used is
the impure peptide in the form of trifluoroacetate. 10. Process according
to one of Claims 1-6, wherein the starting material used 40      is the
impure peptide in the form of acetate.
40 11. Process according to one  of Claims 1-10, wherein the adustment of
the or an organic acid or an organic base.
' 12. Process according to one of claims 1-10, wherein the adjustment of
the pH 45      to the  isoelectric range is attained  by means of an
inorganic acid or inorganic base.  45 13. Process according to any one of
Claims 1-11, wherein the adjustment of the pH to the isoelectric range is
attained by means of aqueous ammonia. 14. Process according to any one of
Claims 1-10, wherein the adjustment of the pH to the isoelectric range is
attained by means of an ion exchanger. 50          15. Process according to
Claim  13, wherein the peptide is separated from the    50 ion exchanger by
conversion into a water-soluble salt. 16. Process for the purification of
calcitonins, as  claimed in claim 1, and as des- cribed in the Examples.
17. Calcitonins purified according to the process of the preceding Claims.
55            18. Pharmaceutical preparations containing a calcitonin as
claimed in Claim 16.               55 ABEL & IMRAY Chartered Patent Agents
Northumberland House 303/306 High Holborn London WC1V 7LH Printed for Her
Majesty's Stationery Office, by the Courier Press, Leamington Spa, 1977
Published by The Patent Oice,:25 Southampton Buildings, London, WC2A  1AY,
from    8                       1,490,079
8 the solution there is added portionwise in the course of 1 hour, with.
stirring, 1.0 ml of Merck-ion exchanger No. III, strongly basic. During
this time, the pH value of the solution increases to 6.6, and the
precipitation of calcitonin commences After con- tinued stirring at room
temperature, the pH value of the mixture increases further 5      to 7.3
and remains constant there.
5 The ion exchanger and the precipitated peptide are then together filtered
off with suction; the residue is subsequently washed with water, and the
peptide is dissolved  out of the ion exchanger by the addition of warm  90%
acetic acid. Filtration with suction Is again performed, and the residue is
then washed with 90% 10     acetic acid and lyophilised. There is thus
obtained calcitonin M-acetate of high   10 purity; the analydcal data
thereof correspond to those of the product obtained in Example 1. WHAT WE
CLAIM IS:- 1. Process for the purification of synthetically produced
peptides of the calcitonin 15     type as hereinbefore defined having an
isoelectric point which is between the pH   15 values of 5 to 1O, wherein
the calcitonin-peptide is precipitated as the inner salt (free peptide)
from an aqueous solution of a salt with acids or bases by adjustment of the
pH to the isoelectric range as hereinbefore defined. 2. Process according
to claim 1, wherein the starting material used is a salt of 20
calcitonin M.
20 3. Process according to claim 1, wherein the starting material used is a
salt of a hybrid of calcitonin M  in which one or more of the amino acids
have been replaced by amino acids present in the corresponding positions of
porcine calcitonin 



as hereinbefore defined. 25          4. Process according to claim 1,
wherein the starting material used Is a salt of  25 a hybrid of calcitonin
M in which one or more of the amino acids have been replaced by amino acids
present in the corresponding positions of salmon cacitonin as hereinbefore
defined. 5. Process according to claim 1, wherein the starting material
used is a salt of a 30      desamino[err] derivative of any of the
calcitonin peptides mentioned in claims 2 to 4.  30 6. Process according to
claim 1, wherein the starting material used is a salt of an N-acyl
derivative of any of the calcitonin peptides mentioned in claim  2 to 4. 7.
Process according to any one of claims 1-6, wherein the starting material
used is the impure peptide in the form of a salt with a hydrohalic acid. 35
8. Process according to any one of Claims 1-6, wherein the starting
material   35 used is the impure peptide in the form of a hydrochloride. 9.
Process according to any one of Claims 1-6, wherein the starting material
used is the impure peptide in the form of trifluoroacetate. 10. Process
according to one of Claims 1-6, wherein the starting material used 40
is the impure peptide in the form of acetate.
40 11. Process according to one of Claims 1-10, wherein the adjustment of
the pH to the isoelectric range is attained by means of an inorganic acid
or inorganic base, or an organic acid or an organic base. 12. Process
according to one of claims 1-10, wherein the adjustment of the pH 45
to the isoelectric range is attained by means of an inorganic acid or
inorganic base.  45 13. Process according to any one of Claims 1-11,
wherein the adjustment of the pH to the isoelectric range is attained by
means of aqueous ammonia. 14. Process according to any one of Claims  1-10,
wherein the adjustment of the pH to the isoelectric range is attained by
means of an ion exchanger. 50           15. Process according to Claim 13,
wherein the peptide is separated from the  50 ion exchanger by conversion
into a water-soluble salt. 16. Process for the purification of calcitonins,
as claimed in claim 1, and as des- cribed in the Examples. 17. Calcitonins
purified according to the process of the preceding Claims. 55           18.
Pharmaceutical preparations containing a calcitonin as claimed in Claim 16.
55 ABEL & IMRAY Chartered Patent Agents Northumberland House 303/306 High
Holborn London WC1V 7LH Printed for Her Majesty's Stationery Office, by the
Courier Press, Leamington Spa, 1977 Published bv The Patent Office, 25
Southampton Buildings, London, WC2A lAY, from which copies may be obtained.
SPECIFICATION No. 1,490,079 Page 1, line 1, (71), for CIGA-GEIGY read
CIBA-GEIGY THE PATENT OFFICE 25th May, 1981    


