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[57] ABSTRACT

A process for manufacture of insulin, analogs and deriv-
atives thereof by treating an insulin compound wherein
the A- and B-chains are linked by a bis-methionyl-car-
bonyl-bridge, with cyano bromide.

4 Claims, No Drawings
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PROCESS FOR THE MANUFACTURE OF
INSULIN, ANALOGS AND DERIVATIVES
THEREOF

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

The present invention relates to a process for the
manufacture of insulin, analogs and derivatives thereof.

The process of the invention comprises treating, in an
acid medium, a compound of the general formula I

(D

insulin B-chain

in which Y stands for hydrogen or an acyl group, and R
stands for the radicals

CO—Met~—
/
ar (CH3y),

Met—

/
0=C

Met— CO—Met=—
in which Met stands for the methionine radical, and n
stands for an integer of 1 to 4, and one CHj; group may
also be substituted by oxygen, with cyano bromide.
According to Bioche. Biophys. Res. Commun, 55
(1973), page 60, insulin may be prepared from its chains
by linking the a-amino group of the A-chain and the
€-amino group of the B-chain to each other by means of
an a,a’-diamino-dicarboxylic acid, closing the disulfide
bridge of the insulin corresponding to its formula by
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dehydrogenation, and finally splitting off the a,a'- 43

ditamino-dicarboxylic acid by Edman degradation.

According to said known process, the two chains of
insulin could be combined for the first time with a high
vield. The Edman degradation was also successful al-
though a certain loss in yield could not be avoided.

According to the process of this invention, the two
chains of insulin can now be combined with the same
high yield. The yield obtained upon splitting off the
bridging reagent is, however, higher. Moreover, this
splitting-off reaction can be performed in a single opera-
tion. Whereas the Edman degradation requires two
steps, 1.., the reaction of amino groups with phenyliso-
thiocyanate and the splitting-off of the thiocarbamoyl
compound, for example in trifluoroacetic acid, the split-
ting with cyano bromide proceeds without isolation of
intermediate products. Furthermore, it leads to fewer
byproducts than the Edman degradation, thus stimplify-
ing the purification of the reaction products.

Whilst in the Edman degradation the first amino acid
of the B-chain, for example phenyl-alanine, is split off at
the same time, unless the a-amino group is provided
with a protective group, the a-amino group of the B-
chain remains unaffected by the cyano bromide splitting
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reaction, though it may be advantageous for a smooth
reaction course to protect this a-amino group as well.

The reaction mechanism for the manufacture of the
compounds of formula I by successive linking of the
bifunctional bridge member R to the A- and B-chains of
insulin, respectively, has already been disclosed in the
above-cited literature as well as in German Offen-
legungsschrift No. 2,252,157,

For preparing the compounds of formula I, an insulin
A-chain, the SH groups of which are blocked by one of
the known S-protective groups, for example trityl,
diphenyl-methyl, S-alkyl having 1 to 4 carbon atoms,
picolyl, acetamido-methyl or sulfonate groups, is re-
acted with an excess reagent of the general formula II

OV (1)

R.--"'
AN
oV
in which R is defined as above, and OV stands for the
radical of an activated ester of the methionine compo-
nent, for example of N-hydroxy-succinimide ester, ni-
trophenyl ester, trichlorophenyl ester, pentachlorophe-
nyl ester, pentafluorophenyl ester or 1-hydroxy-benze-
triazole ester.
The resulting compounds correspond to the general
formula II1

oV (1)

SX

5X

imnsulin A-chain

SX

SX

in which X stands for an S- protective group.

As solvents suitable for this reaction, dimethylsulfox-
ide (DMSO) or a dialkyl carboxylic acid amide, espe-
cially dimethylformamide (DMF) or phosphoric acid
tris-dimethyl amide, are preferably used. The reaction is
carried out at room temperature, but a slightly elevated
temperature may also be employed.

In a corresponding manner, the compound of the
general formula 111 is reacted with an insulin B-chain at
a pH-value of about 8 to 11, or with the addition of a
tertiary organic base, such as N-ethyl-morpholine in
DMSO or DMF, and this reaction yields a compound
of the general formula IV

(1V)

in which R and Y are defined as above. As the N-pro-
tective group (Y), for example tert.-butyloxycarbonyl
(Boc)-, phthaloyl-or trifluoroacetyl groups are men-
tioned.
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If Y stands for an N-protective group, the above
reaction sequence may also be reversed, i.e., linkage
with the B-chain is the first to be performed, followed
by the linkage with the A-chain.

After the protective groups, if any, have been split off 5

and, if necessary, the product has been purified by
chromotography, the reaction product is dissolved in an
8M aqueous urea solution or water ata pH of 5to 9. If
X stands, for example, for —SO3H, a 50- to 100-fold
excess of thioglycol or 1 to 5 times the calculated
amount of a trialkyl phosphine, for example tributyl
phosphine, is added under a nitrogen atmosphere at
0°-60° C.; when the reduction is complete, the mixture
is precipitated with acetone containing about 1°-10%
acetic acid, the precipitate is centrifuged and washed
several times with acetone containing about 1-10%
acetic acid. Then, it is dissolved in the smallest possible
amount of aqueous ammonia and diluted with 0.05
(NHHCQO3, adjusted to pH 10-10.6, to reach a peptide
concentration of from 0.01 to 1 mg/ml. The solution s
then stirred overnight at 0°-20° C. in a slow air current.
It is also possible to work at a lower pH-value, for
example of 8-10, but then longer reaction times of up to
about 150 hours are required. The methionine sulfur is
generally not oxidized under these reactions conditions,
but if necessary a scarcely volatile thio ether, for exam-
ple methyl-phenyl sulfide or even methionine, i1s added.
The pH-value is then adjusted to 4-5.5 with 1IN acetic
acid, and the resulting compound of formula 1 is lyophi-
lized or evaporated to dryness in vacuo.

For purification purposes, the product 1s chromato-
graphed in I to 2N acetic acid using Sephadex G 50 ®)
or G 75 ®) in a column having a length of 1 to 2 m. The
“insulin peak” (up to about 70%) is processed in the
following manner, the product that has been combined
in the wrong way (up to about 30%) beinb recycled to
a recombination upon reduction.

The elimination of radical R from the compounds of
formula I according to the invention i1s carned out by
splitting it off by means of cyano bromide in an acid
medium.

The compound of formula I 1s dissolved at a pH of
from about O to 3 in an aqueous Inorganic Or organic
acid, for example hydrochloric acid, sulfuric acid or
phosphoric acid, furthermore formic acid, acetic acid,
chloroacetic acid, trifluoroacetic acid, or even a sul-
fonic acid, for example benzene-or toluene-sulfonic
acid, may be used. To increase the solubility of the
compound of formula I, the organic acid may be used in
a high concentration, for example from 40 to 90%, or
water-miscible, organic solvents that are sufficiently
stable toward acids, for example aliphatic alcohols hav-
ing 1 to 4 carbon atoms, carboxylic acid amides, such as,
for example N-methyl-pyrrolidine, dimethylformamide,
dimethylsulfoxide or dioxan, are added to the solution.
Then an excess amount of cyano bromide is added, the
excess advantageously being from about 30 to 200 mole-
cules of cyano bromide per methionine radical. The
reaction is carried out at a temperature of 0°-35° C. and
takes about 2 to 50 hours, depending on the tempera-
ture.

The reaction product is worked up, for example by
distilling off the solvent in vacuo, or when a high-boil-
ing solvent has been used, the water is distilled off first
in vacuo and then the reaction product is precipitated
with ether or ethyl acetate. The residue or precipitate 1s
dissolved in a small amount of dilute acetic acid, and the
solution is chromatographed on Sephadex G 50 ® or G
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75 ®. Elution was performed with dilute acetic acid,
the insulin-containing fractions are combined, and the
pH is adjusted to 5.2, whereupon the insulin that has
first precipitated in an amorphous form crystallizes
within several hours.

The vyield is about 40%, calculated on the insulin A-
and B-chains used.

The crystallized insulin obtained according to the
invention has a biological activity of 24 1L.U./mg as
evaluated by measuring the reduction of the blood
sugar level on rabbits. The amino acid analysis corre-
sponds to the calculated values.

In addition to insulin itself, the process of the inven-
tion also provides analogs and derivatives of insulin.
Insulin analogs are understiood to be compounds in
which one or more amino acids are exchanged for
other, preferably simpler, amino acids, moreover insu-
lins having a modified, preferably shortened, chain
length.

As already known in the literature, the following
groups in the A-chain may be replaced: Gin!’> by Glu;
Serl2, Tyr!4, Asn!® and Asn?! by Ala; Val!®by Leu or
another hydrophobic amino acid; Tyr!° by Phe.

In the B-chain, Phel, Val?, Asn?, Gint, His’, Ser?,
His!0, Thr?’ and Pro?® may be replaced by simpler
amino acids, preferably by alanine. The amino acids 1 to
4 and 30 may also be eliminated. Cys4’ and Cys?’ may
even be replaced by Ala.

Insulin derivatives are understood to be compounds
which carry substituted functional groups, for example
the a-amino group of the B-chain may be substituted by
an acyl group as disclosed in German Offenlegungss-
chrift No. 2,042,299. The same applies to the above-
defined insulin analogs.

Since the substitution of the a-amino group of the
insulin B-chain by any group represented by Y 15 not
critical for the biological activity, Y may stand not only
for one of the N-protective groups usual in the peptide
chemistry but also for any physiologically acceptable
acyl group which, however, has to be limited 1n its size.
For example, for aliphatic alkanoyl or alkyloxycarbonyl
groups, this limit is about 6 carbon atoms, for a cycloal-
kanoyl group or the radical of an aromatic or heterocy-
clic carboxylic acid it s about 10 carbon atoms. Y may
also stand for an aminoacyl group of naturally occuring
a-amino groups or the D-enantiomers and w-amino-car-
boxvlic acids thereof having up to 6 carbon atoms, as
well as of N-alkanoyl or N-alkyloxycarbonyl com-
pounds having up to about 4 carbon atoms, a cycloal-
kanoyl group or a radical or an aromatic or heterocyclic
carboxylic acid having up to about 7 carbon atoms.

Only such substituents are appropriate which do not
decrease the biological activity of the insulins or de-
crease it to only a minor extent. Biological activity not
only includes a lowering of the blood sugar level but
also, for example the ability of these compounds to
serve as haptens for antibodies if present.

The insulin or the analogs and derivatives thereof
obtained according to the process of the invention are
used in the same manner and dosage as that of the mate-
rial recovered from the pancreas for the treatmet of
diabetes mellitus 1n human beings, or they are generally
used, as insulin s, to lower the biood sugar level, for
example in order to produce shock.

The insulin A- and B-chain are prepared according to
one of the numerous methods described in the art. To
demonstrate the process of the invention, it 1s stmpler to
start from natural chains which can be easily obtained
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from insulin by sulfitolysis. The insulin chains prepared
by synthesis behave like the natural material. This ap-
plies also to modified chains, provided these chains still
possess the decisive structural characteristics for the
biolgoical activity of the insulin prepared therefrom.

The reagents of formula II are obtained, for example
by reacting methionine alkyl esters, preferably methyl
ester, with a derivative of carbonic acid or activated
dicarboxylic acids, saponifying the alkyl ester and con-
verting it into an activated ester. The following reaction
schemes illustrate

/Met**ﬂC'Hg (a.)
2H—Met—0OCH; + COCly=——30=C —

OH- ~
N

Met~—~OCH3;

Met—(ONSu
4

N\
Met—0ONSu

Met-—-OH
O= / +2HONSu 9 O=0C
Met—0OH

CH;—CO (b.)

AN
, Qé
CH»—CO

H—Met—QCH; +

CHy=—CO—Met—0OCH3 + H—Met—OCH;

| +DCCl ":"

CH,>—C0O.CH;

CH;—CO—Met—0OCH; OH -

]
CH;—CO—Met—OCH;

CHy—CO—Met—0OH

|
CHy—CO—Met—0OH *+2DCC]

CHy;— CO—Met=—0ONSu

EXAMPLE |

Preparation of bridge reagents
a. Succinic acid bis-L-methionine methyl ester

4.0 grams of L-methionine methyl ester hydrochlo-
ride were dissolved in 60 ml of dimethyl formamide
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while adding 2.8 ml of triethylamine. After addition of 45

2.0 g of succinic acid anhydride, the mixture was stirred
for 2 hours, another 4.0 g of L-methionine methy! ester
hydrochloride and 2.8 ml of triethylamine were added
and, after 30 minutes, combined with 2.7 g of 1-hydrox-
ybenzotnazle and 4.4 g of dicyclohexyl carbodiimide.
The mixture was stirred for 4 hours, concentrated in
vacuo to a small volume, and the residue was dissolved
in ethyl acetate. After the solution had been washed
with agueous KHSO4, NaHCO37 and water, it was dried
over Na80y4, and the ethyl acetate was distilled off in
vacuo. The residue was dissolved in toluene, filtered
and combined with petroleum ether until the mixture
began to become turbid. Upon standing overnight (at
—20° C.), 4.8 g of an amorphous material precipitated.
b. Succinic acid bis-L-methienine

3.5 grams of bis-methyl] ester as obtained sub (a) were
dissolved in 80 ml of a 1:1-mixture of dioxan and water.
The solution was saponified at pH 11.5-12 with 8.9 ml
of 2N NaOH; when the reaction was complete, the
same amount of 2N HCIl was added, and the mixture
was dried in vacuo. The residue was taken up in isopro-
panol, NaCl was separated by filtration, and after iso-

propanol had been distilled off, the product was recrys-
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tallized twice from ethyl acetate. Yield: 2.8 g, m.p.
125°-135° C.

To characterize the acid, the dicyclohexyl amine salt
was prepared and recrystallized from a 1:1 mixture of
acetonitrile and isopropanol. Melting point: 184°-185°
C. The elemental analysis corresponds to the calculated
values. |
c. Succinic acid bis-L-methionine N-hydroxy-succini-
mide ester

In the usual way, the corresponding bis-N-hydroxy-
succinimide ester was prepared from 4.0 g of the acid
obtained according to (b), 2.4 g of N-hydroxy-succini-
mide and 4.2 g of DCCI in dioxan. The dicyclohexyl
urea which had precipitated was separated by filtration,
and the solvent was distilled off in vacuo. The deacti-
vated ester was of resinous nature and could be used
without further purification.

d. Glutaric acid bis-L.-methionine N-hydroxy-succini-
mide ester |

This compound was prepared in 2 manner analogous
to (a)-(c). In this case, t00, the activated ester was of
resinous nature and was used without further purifica-
tion. The melting point of the acid was 66°-70° C., that
of the dicyclohexyl amine salt ranged from 187° to 189°
C. The elemental analysis corresponds to the calculated
values.

EXAMPLE 2
Bovine insuline

a. Bovine insulin A-chain tetrasulfonate

This compound was prepared from bovine insulin in
known manner, for example according to 7. Natur-
forsch. 18b (1963), page 978.

b. N8l trifluoroacetyl-B-chain disulfonate {(bovine)

This compound was also prepared in the usual way
by sulfitolysis of N&l-trifluoroacetyl insulin (bevine).
The latter starting product was obtained as follows:

N a4l N € B29 hjs-Boc-insulin prepared according to
Hoppe Seyler’s Z. Physiol. Chem. 352 (1971), page
1487, was dissolved in dimethyiformamide, and the
solution was reacted with about 5 equivalents of trifluo-
roacetic acid methyl ester, thus yielding N @ 41, e N529.
bis-Boc-N @ Bl.trifluoroacetyl insulin (bovine). After
the Boc-groups had been split off by a 45-minute treat-
ment with trifluoroacetic acid, the product was purified
by partition chromatography using Sephadex LH-20 ®)
in a system of n-butanol/glacial acetic acid/-
water(2:1:10).

c. Bovine insulin

The pH-vaue of a solution of 2.82 g of the A-chain
tetrasulfonate prepared sub (a) in 200 ml of dimethy!l
sulfoxide was adjusted to about 9 by adding 1.11 ml of
N-ethyl-morpholine, and the mixture was stirred with
1.8 g of the N-hydroxy-succinimide ester prepared ac-
cording to Example | (c). After 20 hours, the product
was precipitated with a 10:1 mixture of ether and meth-
anol. The precipitate was then dissolved in 200 ml of
dimethylsulfoxide 3.45 g of the N&l-trifluoroacetyl B-
chain disulfonate prepared sub (b) and 1.1 ml of N-
ethyl-morpholine were added, and the mixture was
stirred for 6 to 24 hours at room temperature. The prod-
uct was then precipitated with a 10:]1 mixture of ether
and methanol. Yield: 5.3 g.

Upon chromatography in a column using Sephadex
G 50 ®) (column size: 4 m in length and 4 cm in diame-
ter) tn 0.05SM (NH4)YHCOj; buffer solution of pH 8.5 to 9
and lyophilization, the product was dissolved in 0.25 |
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of water at pH 8.6. 50 ml of thioglycol were added, the

mixture was stored for 6 hours under a nitrogen atmo-
sphere, then precipitated with 10 to 20 times its amount
of acetone containing about 1-10% acetic acid, centrni-
fuged and washed with acetone containing about
1-109% acetic acid until free of thiolgycol. The product
was then dissolved in a small amount of 1IN NH3, di-
luted to 25 1, the pH-value was adjusted to 9, and the
solution was stirred for about 100 hours in the presence
of 1 g of methylphenyl sulfide in a slight air stream at
room temperature.

Under these conditions, the trifluoroacetyl group was
split off at the same time. The pH was adjusted to 5.5
with acetic acid, and the solution was lyophilized.

The residue ws dissolved in 50 ml of 10% acetic or
formic acid and chromatographed through a column,
sized 4 X200 cm, using Sephadex G 50® or G 75 ®),
fine. Partition chromatography using Sephadex LH
20 ®) in a system of n-butanol/acetic acid/water (2:1:10)
also allowed good purification (column size: 4 X 100 to
4%x200 cm). The column had been calibrated with
cross-linked insulin. After a preliminary peak had
passed through, the main fraction was reduced accord-
ing to J. Amer. Chem. Soc. 93 (1971), page 3080, using
1,4-dithio-threitol in liquid NH; or tributyl-phosphine in
dilute aqueous NH3, at pH 8-10, and oxidized in water
at pH 9 in the manner described above.

To split off the cross-linking reagent, the product was
dissolved in 100 ml of 70% formic acid, 15 g of BrCN
were added and after 15 hours, the solution was concen-
trated to a small volume. The product was immediately
introduced into a column (100 x 4 cm), that was packed
with Sephadex G 50 (R), and eluted with 1% acetic acid.
The fractions containing insulin were combined, con-
centrated in vacuo to a volume of about 40 ml, the pH
thereof was adjusted to 5.2 by adding a small amount of
ZnCl, and the substance was allowed to stand for 1 day
at room temperature. The resulting crystals were sepa-
rated by centrifuging the material from non crystalliz-
ing material, and crystallization was repeated. Yield: 2.3
g (38%). The biological activity of the insulin was 24
[.U./mg.

We claim:

1. A method for making an insulin compound of the
formula

insulin B-chain

and biologically-active analogs thereof in which one or
more amino acids have been exchanged for other, pref-
erably simpler, amino acids or in which the chains are
modified, preferably shortened, and in which Y 1s hy-
drogen or acyl, which method comprises treating a
compound of the formula
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insulin B-chain

or an analog thereof as hereinbefore defined, wherein R

1S

Met—

/ /7
or (CH3),

CO~Met—

mel— CO~Met—

Met is methionine, n is an integer from 1 to 4, and one
—{CH3)— may be replaced by oxygen, with cyano
bromide in an acid medium.

2. An insulin compound of the formula

insulin B-chain

wherein Y is hydrogen or acyl, R 1s

Met— CO—Met—

/ /s

N

met= CO—Met—

Met is methionine, n is an integer from 1 to 4, and one
—(CH?2)— group may be replaced by oxygen, and bio-
logically-active analogs thereof tn which one or more
amino acids have been exchanged for other, preferably
simpler, amino acids or in which the chains are modi-
fied, preferably shortened.

3. A method for making an insulin compound of the

Jformula
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Y insulin B-chain

and biologically-active analogs thereof in which one or
more amino acids have been exchanged for other, prefera-
bly simpler, amino acids or in which the chains are modi-
fied preferably shortened, and in which Y is hydrogen or
acyl, which method comprises reacting an insulin A-chain
fragment, an insulin B-chain fragment, and a bridging

agent of the formula

Met—

AN

O=C

ar

/

Met—

CO~—=Meot—

/
(CH2)p

CO~— Met—

Met is methionine, n is an integer from 1 to 4, and one
~—(CHy)— may be replaced by oxygen, and OV is an
activated ester of methionine, to form a compound of the

formula
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oxidizing the —SX groups to form a compound of the

formula

and then treating said last-mentioned compound with
cyano bromide in an acid medium.

4. A method for making an insulin compound which
comprises reacting an A-chain fragment of insuiin, a B-
chain fragment of insulin, and an activated ester of a
bridging agent of the formula

CO—met

4
or (CH>)

met—

d
O=C

CO—met

met—

where met is methionine and n Is an integer from I to 4,
oxidizing the resulting compound to form disulfide cross-
links between the A-chain and B-chain, and then treating

the product with cyano bromide in an acid medium.
» 3 : > *
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