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USE OF ANILINE IN THE RADIOSTABILIZATION OF OXIME LIGATION
REACTIONS
FIELD OF THE INVENTION

The present invention relates to a method of both radiostabilizing and catalyzing an

oxime ligation reaction using aniline.

BACKGROUND OF THE INVENTION

The use of aniline in oxime ligations or imine formation has been shown to be
effective in increasing the overall reaction rate and to allow such reactions to occur at less
acidic pH values (A. Dirksen, et al., “Nucleophilic Catalysis of Oxime Ligation Angew.
Chem. Int. Ed. 2006, 45, 7581-7584 A.Dirksen, T.Hackeng and P.Dawson). However, such
reactions have been limited to non-radiolabeled compounds.

As described in more detail below, it has now been surprisingly found that aniline can
be used to radiostabilize the oxime ligation or imine formation reaction of radiolabeled
reactants with the unexpected results of both improved reaction kinetics and significant

radiostabilization.

SUMMARY OF THE INVENTION

The invention provides a radiostabilizing method comprising the step of reacting a
radiolabeled aldehyde (I) with an aminooxy (II) in the presence of aniline (III) to form
radiolabeled imine-oxy (IV), each as described herein:

Scheme A

Radiolabeled : Aniline (Ill) | Radiolabeled
Aldehyde (1) | * LAminooxy (Il oH ™ | Imine-oxy (IV)

The invention also provides a radiostabilizing method comprising the step of reacting
an aldehyde (V) with a radiolabeled aminooxy (VI) in the presence of aniline (III) to form
radiolabeled imine-oxy (VII), each as described herein:

Scheme B

Aniline (1) Radi
+ | Radiolabeled - adiolabeled
Aldehyde (V) Aminooxy (V1) pH Imine-oxy (VII)
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5 The invention further provides a radiostabilizing method comprising the step of
reacting a radiolabeled aldehyde (VIII) with an aminooxy (IX) in the presence of aniline (III)

to form radiolabeled imine-oxy (X), each as described herein:

Scheme C
0 - H
aniline (l11)
)I\ + R2—O—NH, — —™ RZ—O_N:<
R1* H pH : R1*
(Vi) (1X) (X)
10 The invention further provides a radiostabilizing method comprising the step of

reacting an aldehyde (XI) with a radiolabeled aminooxy (XII) in the presence of aniline (III)

to form radiolabeled imine-oxy (XIII), each as described herein:

Scheme D
Q aniline (1lf) H
L+ R,*—O—NH, ———> Rz*—O—N=<
R1 H pH R1
15 (XI) ' (X11) (X

The use of aniline in a radiostabilizing method of the invention provides two distinct
advantages: (i) enhanced reaction kinetics and, surprisingly, (ii) significant radiostabilization.
Hence aniline as used in a radiostabilizing method of the invention exhibits unexpected dual
functionality as both a catalyst and a radiostabilizer. The increase in radiostabilization allows

20  for an increase in yield of the resulting radiolabeled imine-oxy especially at high

radioactivity.

DETAILED DESCRIPTION OF THE INVENTION
Radiolabeled Aldehyde
25 The radiolabeled aldehyde (I) for use in a radiostabilizing method of the present

invention can be any aldehyde labeled with at least one radioisotope, as described herein,
capable of reacting with an aminooxy as described herein. In one embodiment of the

invention, the radiolabeled aldehyde is a compound of formula (VIII):

@)

BN

R, H
(VI
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wherein:

R,* can be any radiolabeled organic or biological moiety. According to the invention,
a radiolabeled organic or biological moiety is an organic or biological moiety containing at
least one radioisotope/radionuclide, each as described herein.

The radiolabel of R;* can be any radioisotope. or radionuclide known in the art
including but not limited to those imaging moieties described in US2008/0279771, which is
incorporated in its entirety by reference. Preferably the radioisotope or radionuclide is a
radioisotope/radionuclide suitable for imaging (e.g., PET, SPECT). In one embodiment, the
radionuclide is a radioisotope suitable for PET imaging. Even more preferably, the
radionuclide is “C, '3N, '50, t"z;Ga, 62Cu, ISF, 76Br, ! 241, or 125I; even more preferably, the
radionuclide is '®F. In one embodiment, the radionuclide is a radioisotope suitable for
SPECT imaging. Even more preferably, the radionuclide is Pmre, "'n, 'Ga, 2'T1, 21, or
133X e; even more preferably, the radionuclide is #m1e or 2.

In one embodiment of the invention, R1* is a radiolabeled organic moiety selected
from alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, heteroaryl, and cycloalkyl. In
another embodiment, R1* is a radiolabeled organic moiety selected from C;-Cypalkyl, C;-
Cyp alkenyl, C,-Cy alkynyl, Cs-Cyp aryl, C3-Cyg cycloalkyl, Cs-Cyg heterocyclyl, Cs-Cao
heteroaryl, or C3-Cy cycloalkyl group.

In one embodiment of the invention, R1* is a radiolabeled biological moiety selected
from amino acids, peptides, and vectors. ‘

Examples of suitable radiolabeled aldehyde include, but are not limited to:

i

18

[18F]-parabenzaldehyde; and those described in US20100068139A1 and US2004/080492A1,
each of which is incorporated herein by reference. In one embodiment of the invention, the
radiolabeled aldehyde is [18F]-parabenzaldehyde.

A radiolabeled aldehyde, as described herein, can be prepared by methods known in

the literature and art.

Aminooxy
The aminooxy (II) for use in a radiostabilizing method of the present invention can by

any compound containing an amino-oxy moiety (i.e., -O-NH;) capable of reacting with a
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5 radiolabeled aldehyde as described herein. In one embodiment of the invention, the aminoxy
(II) is a compound of formula (IX):
R2-O-NH, (IX)
wherein R2 can be any organic or biological moiety. In one embodiment of the invention, R2
is an organic moiety selected from alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl,

10  heteroaryl, and cycloalkyl. In another embodiment, R2 is an organic moiety selected from
C,-Cyoalkyl, C2-Czoalkeny13 C,-Caalkynyl, Cs-Cyparyl, C3-Cyocycloalkyl, Cs-Cop heterocyclyl,
C5-Cy heteroaryl, or C3-Cpocycloalkyl group.

In one embodiment of the invention, R2 is a biological moiety selected from amino
acids, peptides, and vectors.

15 Examples of suitable aminooxy compounds include, but are not limited to:

S
OJ §—————S§
o] H H H O H H .
HN\_)LN’\‘N\ﬂNf\WNﬂN«L‘NJN N~~~ 0~ g~Ny~ g~ NH,
H H o o o (¢}

NH,
0 0

(0]
O\)Lﬁ/\/o\/\o/\/o\/\of\/o\/\NJl\/OANH
H

(Fluciclatide peptide precursor)

20 and cMET:

meﬁhéauﬁwgﬂ E%ﬁaﬁ%w%w%m%
| o) P RTATETN
) ° )

An aminoxy, as described herein, can be prepared by methods known in the literature

and art.

25
Aniline
Aniline (IIT) for use in a radiostabilizing method of the present invention can be any

aniline known in the art (e.g., Adam R. Blanden, et al., Bioconjugate Chem., 2011, 22 (10),
pp 1954-1961; Mikkel B. Thygesen, et al., J. Org. Chem., 2010, 75 (5), pp 1752-1755)

30 including commercially available aniline of the following formula:
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NH,

or a salt therebf (e.g., bromide, chloride, iodide, HBr, HCI, HI, trifluoroacetic acid (TFA)) or
a derivative thereof (e.g., 4-methoxyaniline, 4-nitroaniline, 2,6-dimethylaniline, deuterated
aniline derivatives (i.e., aniline compound in which at least one hydrogen has been replaced
with a deuterium), polymer-bound aniline (see e.g. Sigma-Aldrich product number 564761)).
An aniline derivative is any aniline based compound that can be used to achieve a
radiostabilizing method of the invention. In one embodiment of the invention, aniline (III)
for use in a radiostabilizing method of the present invention can also be a mixture of anilines
as described herein (e.g. a mixture bf aniline and aniline hydrochloride).

In one embodiment of the invention, aniline (III) used in the reaction of the invention

is in its commercially available HCI salt form:
NH,

HCI

In one embodiment of the invention, aniline (III) can be used alone or in combination
with commercially available para-amino benzoic acid (pABA).

In one embodiment of the invention, aniline (III) can be used alone or in combination
with other radiostabilizers known in the art.‘ Examples of a suitable radiostabilizer requiring
neutral or basic pH conditions include, but are not limited to: p-aminobenzoic acid, gentisic
acid (2,5-dihydroxybenzoic acid), tocopherol, hydroquinone, di-t-butylphenol, and di-t-
butylatedhydroxytoluene). Radiostabilizers that do not require a deprotonation can also be
used.- Examples of known radical traps include, but are not limited to, galvinoxyl (2,6-Di-
tert-butyl-a-(3,5-di-tert-butyl-4-oxo-2,5-cyclohexadien-1-ylidene)-p-tolyloxy, free radical;
commercially available form Sigma-Aldrich), TEMPO (2,2,6,6-Tetramethyl Piperidine-1-
oxide), DPPH (diphenylpicrylhydrazyl), 1,2-diphenylethylene, Beta-carotene, and DMPO
(5,5-dimethyl-1-pyrroline- 1-oxide).

pH
A radiostabilizing method of the present invention can be performed at about pH 1.0-

7.0. In one embodiment of the invention, the pH range is about 2.0-5.0. In one embodiment
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of the invention, the pH range is about 2.8-4.2. In one embodiment of the invention, the pH

range is about 2.8-3.5.

Radiolabeled Imine-oxy (IV)

Radiolabeled imine-oxy (IV) of a radiostabilizing method of the present invention is
the oxime ligation reaction product of radiolabeled aldehyde (I) and aminooxy (II) in the
presence of apiline (IIT) and pH, each as described herein.

In one embodiment of the invention, the radiolabeled imine-oxy is a compound of

formula (X):

H
Re—0-N=(  (X)
R,"

wherein R2 and R * are each as described herein.

 Aldehyde

The aldehyde (V) for use in a radiostabilizing method of the present invention can be
any aldehyde known in the art capable of reacting with radiolabeled aminooxy, as described

herein. In one embodiment of the invention, the aldehyde is a compound of formula (XI):
O

L

R1 H

wherein R1 can be any organic or biological moiety.

In one embodiment of the invention, R1 is an organic moiety selected from alkyl,
alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, heteroaryl, and cycloalkyl. In another
embodiment, R1 is an organic moiety selected from C;-Cyg alkyl, C,-Cyp alkenyl, C2-Cyo
alkynyl, Cs-Cyp aryl, C3-Cy cycloalkyl, Cs-Cyo heterocyclyl, Cs-Coyp heteroaryl, or C3-Cyo
cycloalkyl group.

In one embodiment of the invention, R1 is a biological moiety selected from amino
acids, peptides, and vectors.

Examples of suitable aldehydes include, but are not limited to, benzaldehyde:

0
|
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An aldehyde, as described herein, is commercially available or can be prepared by

methods known in the literature and art.

Radiolabeled Aminooxy

The radiolabeled aminooxy (VI) for use in a radiostabilizing method of the present
invention can by any aminoxy compound as described herein that contains at least one
radioisotope as described herein. In one embodiment of the invention, the radiolabeled
aminoxy (VI) is a compound of formula (XII): ,

R,-O-NH, (XII)
wherein Ry* can be any radiolabeled organic or biological moiety where a radiolabeled
organic or biological moiety is an organic or biological moiety containing at least one
radioisotope/radionuclide, each as described herein.

The radiolabel of R,* can be any radioisotope or radionuclide known in the art
including but not limited to those imaging moieties described in US2008/0279771, which is
incorporated in its entirety by reference. Preferably the radioisotope or radionuclide is a
radioisotope/radionuclide suitable for imaging (e.g., PET, SPECT). In one embodiment, the
radionuclide is a radioisotope suitable for PET imaging. Even more preferably, the
radionuclide is !'C, BN, 5o, 68Ga, 62Cu, 18g 76Br, 1241 or '*°I; even more preferably, the
radionuclide is *F. In one embodiment, the radionuclide is a radioisotope suitable for
SPECT imaging. Even more preferably, the radionuclide is 99"”Tc, lIlIn, 67Ga, 201Tl, '231, or
133Xe; even more preferably, the radionuclide is #mTe or 2L
A radiolabeled aminooxy, as described herein, can be prepared by methods known in

the literature and art.

Radiolabeled Imine-oxy (VII)

Radiolabeled imine-oxy (VII) of a radiostabilizing method of the present invention is
the oxime ligation reaction product of aldehyde (V) and radiolabeled aminooxy (VI) in the
presence of aniline (III) and pH, each as described herein.

In one embodiment of the invention, the radiolabeled imine-oxy is a compound of

formula (XIII):

wherein R1 and R,* are each as described herein.
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In one embodiment, a radiostabilizing method of the present invention is automated
by means of an automated radiosynthesis apparatus. There are several commercially-
available examples of such apparatus, including TRACERIab™ and FASTlab™ (both
commercially available from GE Healthcare a division of General Electric Company ). Such
apparatus commonly comprises a “cassette”, often disposable, in which the radiochemistry is
performed, which is fitted to the apparatus in order to perform a radiosynthesis. The cassette
normally includes fluid pathways, a reaction vessel, and ports for receiving reagent vials as
well as any solid-phase extraction cartridges used in post-radiosynthetic clean up steps.
Accordingly, the present invention provides a cassette for an automated radiostabilizing

method of the present invention.
Examples
Example 1. Fluciclatide Radiostabilized Conjugation Reaction

4-[18F]fluorobenzaldehyde was reacted with aminoxy, AH111695 (fluciclatide peptide

precursor):

S
OJ ofHO HOjJHO LH H
”N‘-.)LN’\er)“g’\wN\)“N NN N0 0o Nymo Ny
3 o

H O 3 \=(l)'l o o} [0} (¢}
Z % HO @
NH
O)\ (o] 0
O\)L]N{,\/O\/\ONO\/\O/\/OV\NJK/O'NI-Q
H

(AH111695 or fluciclatide peptide precursor)
in the presence of aniline at various pH ranges to give fluciclatide. The radiochemical results

of the reaction is illustrated in Figure 1.

Figure 1 below illustrates the results for the production of crude fluciclatide on FASTIab.
The diamonds are for the non-radiostabilised conjugation reaction (i.e., without aniline or
pABA) and clearly show the linear link between the amount of starting activity and the non
corrected yield. The triangles show the results for the production of crude Fluciclatide on
FASTlab under radiostabilized conjugation reaction conditions (i.e., addition of pABA at pH
6.1 to the conjugation reaction added around 50% to the non corrected yield and the presence
of air helped further stabilise the conjugation. Lowering of pH by around one pH unit added
a further 5% to the yield and the addition of further aniline improved the RCP by a similar

amount.
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Figure 1 clearly shows the radiostabilisation effect of aniline on the conjugation reaction
between fluciclatide peptide precursor and [iSF]ﬂuorobenzaidehyde. The rhombus-shaped
(non-radiostabilized) points show the clear correlation between the non corrected yield% of
the reaction in the absence of any radiostabiliser. However, the triangular points

(radiostabilized) clearly show the dramatic impact of »using a radiostabiliser.

Figure 1: Radiostabilisation of Fluciclatide conjugation reaction

The presence of 10 mg aniline hydrochloride at pH 5.0 or a mixture of 10 mg aniline and
aniline hydrochloride at the same pH sees a dramatic improvement in the non corrected
yield%. However, the presence of the radiostabiliser para amino benzoic acid, does not
preclude this as being in part responsible for the radiostabilisation of the conjugation reaction.
However, removing p-amino benzoic acid altogether in the presence or absence of air results
in a dramatic shift in the non corrected yield%, establishing that results are from the presence

of aniline itself rather than any impact from the presence of pABA.

Aniline, pH 2.9,

_ Aniline, pH 2.9, air, no pABA
no air, no pABA B

50 . e pABA, 10 mg/ml aniline,

. \‘/ : /10 mg aniline HCI, air pH 5.0
2 40 - : pABA, 10 mg aniline HCIl pH 5.0
% 35 ' ‘/ -
.:‘ %0 | : ./ « Aniline catalysed
2 . - : process
O 25
e 2 = No aniline or
9 N pABA present
c 15 -—
2 10

5

0 T T T T

0 50 100 150 200 250
Starting activity/ GBq

Comparative Example 1. Fluciclatide Non-radiostabilized Conjugation Reaction

The graph below shows the strong correlation between the yield and the RCP% for the non

radiostabilised reaction between the fluciclatide peptide precursor and
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5  [18F]fluorobenzaldehyde. The regressional analysis of the dataset has forced the line through
the point of origin. Clearly the yield is directly correlated with the RCP% of fluciclatide, with

no other significant factor being required to explain the variation observed.

48

43

2 : .
R? = 0.9901 =<
38 —
33 »
28 : . —
.23 1+
/
18
13 T T T T T T
30 40 50 60 70 80 90 100

RCP%

Non corrected yield%

10

Example 2.
5 mg of fluciclatide peptide precursor is added to 1.7 ml of aniline hydrochloride in
water (10 mg/ml) and 1.15 ml of ethanol is added containing the [18F]fluorobenzaldehyde.

15  The reaction is allowed to progress for 5 minutes at 60°C.

10
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What is claimed is:

1. A radiostabilizing method comprising the step of reacting a radiolabeled aldehyde (I)

with an aminooxy (II) in the presence of aniline (III) to form imine-oxy (IV):

Radiolabeled : Aniline (I11) Radiolabeled
+ [ Aminooxy (Il > .
Aldehyde (1) ooxy (11 oH Imine-oxy (IV)
2. The radiostabilizing method of Claim 1, wherein said radiolabeled aldehyde (I) is a

compound of formula (VIII):

O

PN

1

(VIII)

wherein R;* is a radiolabeled organic or biological moiety.

R H

3. The radiostabilizing method of Claim 2, wherein said radiolabeled organic moiety is

alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, heteroaryl, or cycloalkyl.

4. The radiostabilizing method of Claim 2, wherein said radiolabeled biological moiety

is an amino acid, peptide, or vector.

5. The radiostabilizing method of any one of Claims 1-4, wherein the radiolabel of R;*

is a radioisotope suitable for PET or SPECT imaging.

6. The radiostabilizing method of Claim 1, wherein said radiolabeled aldehyde is
[18F]parabenzaldehyde.
7. The radiostabilizing method of any one of Claims 1-6, wherein said aminooxy (II) is a

compound of formula (IX):
R2-O-NH, (IX)

wherein R2 can be any organic or biological moiety.

11
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5 8 The radiostabilizing method of Claim 7, wherein said aminooxy (II) is

8

O*/ o ¥ H O H ©

HN\-)L j\rN\_)\ N\_)sN’\r N\/Of\,o\/\O\,NrO»\n,NHZ
2 ) -

H O < (0] O O
\:O b
HO

ZV"

HN
(6]
O\)LN/\,O\/\O/\,O\/\O/\, \/\NJk/o NH,
H
or
10
N&N o % EO
o)-NLorNﬁ-NJ:;-N\;'-N‘Oﬁ\}NLr %ﬁwimﬁw ﬁN ,B-N ﬂNf—NﬁN‘\-Nﬁ-N‘\.—Nﬁ-N‘\—NﬁN
\ / / DI 3\,
S N
S S
S
9. The radiostabilizing method of any one of Claims 1-8, wherein said radiolabeled
imine-oxy is a compound of formula (X):
H
R2—0O—N :< (X)
15 R,
10. A radiostabilizing method comprising the step of reacting a aldehyde (V) with a
radiolabeled aminooxy (VI) in the presence of aniline (II) to form imine-oxy (VII):
ndereaa ]+ [ Radiolabeled Aniine I __ | Radiolabeled
" ehyde (V) Aminooxy (V1) pH Imine-oxy (VII)
11. The radiostabilizing method of Claim 10, wherein said aldehyde is a compound of
formula (XI):
O
T e
R1 H

25  wherein R1 can be any organic or biological moiety.

12
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12. The radiostabilizing method of Claim 11, wherein said organic moiety is alkyl,

alkenyl, alkynyl, aryl, cycloalkyl, heterocyclyl, heteroaryl, or cycloalkyl.

13. The radiostabilizing method of Claim 11, wherein said biological moiety is an amino

acid, peptide, or vector.

14. The radiostabilizing method of any one of Claims 10, wherein said aldehyde is

benzaldehyde.

15. The radiostabilizing method of any one of Claims 10-14, wherein said radiolabeled
aminooxy is a compound of formula (XII):
R, -O-NH, (XII)

wherein R,* is a radiolabeled organic or biological moiety.

16. The radiostabilizing method of Claim 15, wherein the radiolabel of R,* is a

radioisotope suitable for PET or SPECT imaging.

17. The radiostabilizing method of any one of Claims 10-16, wherein said radiolabeled

imine-oxy is a compound of formula (XIII):

18. A radiostabilizing method comprising the step of reacting a radiolabeled aldehyde

(VIII) with an aminooxy (IX) in the presence of aniline (III) to form imine-oxy (X):

R,* H pH
(V1) (IX) (X)

O aniline (111) H
)J\ + R2—O—NH, ——— R2_O_N:<
R,

wherein:
R;* is organic or biological moiety labeled with at least one radioisotope or
radionuclide; and

R; is an organic or biological moiety.

13
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19. A radiostabilizing method comprising the step of reacting an aldehyde (XI) with a

radiolabeled aminooxy (XII) in the presence of aniline (III) to form imine-oxy (XIII):

- H
O aniline (1)~ _
o+ R—o-NH, ——— R7TON=
R1” "H pH R1
(X1) (XI1) (X11)
wherein:
R»* is an organic or biological moiety labeled with at least one radioisotope or
radionuclide; and

R; is an organic or biological moiety.

20). The radiostabilizing method of any one of Claims 1-19, wherein said aniline is of the

following formula:

NH

2

a salt or derivative thereof or a mixture thereof.

21. The radiostabilizing method of Claim 20, wherein said aniline is:
NH 5
HCI
22. The radiostabilizing method of Claim 20, wherein said aniline is used in combination

with para-amino benzoic acid.

23. The radiostabilizing method of Claim 20, wherein said aniline is used in combination

with a radiostabilizer.
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