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PYRROLOBENZODIAZEPINES

The present invention relates to pyrrolobenzodiazepines (PBDs), and in particular
pyrrolobenzodiazepine dimers bearing C2 aryl substitutions.

Background to the Invention

Some pyrrolobenzodiazepines (PBDs) have the ability to recognise and bond to
specific sequences of DNA,; the preferred sequence is PuGPu. The first PBD
antitumour antibiotic, anthramycin, was discovered in 1965 (Leimgruber, et al., J. Am.
Chem. Soc., 87, 5793-5795 (1965); Leimgruber, et al., J. Am. Chem. Soc., 87,
5791-5793 (1965)). Since then, a number of naturally occurring PBDs have been
reported, and over 10 synthetic routes have been developed to a variety of
analogues (Thurston, et al., Chem. Rev. 1994, 433-465 (1994)). Family members
include abbeymycin (Hochlowski, et al., J. Antibiotics, 40, 145-148 (1987)),
chicamycin (Konishi, et al., J. Antibiotics, 37, 200-206 (1984)), DC-81 (Japanese
Patent 58-180 487; Thurston, et al., Chem. Brit., 26, 767-772 (1990); Bose, et al.,
Tetrahedron, 48, 751-758 (1992)), mazethramycin (Kuminoto, et al., J. Antibiotics,
33, 665-667 (1980)), neothramycins A and B (Takeuchi, et al., J. Antibiotics, 29,
93-96 (1976)), porothramycin (Tsunakawa, et al., J. Antibiotics, 41, 1366-1373
(1988)), prothracarcin (Shimizu, et al, J. Antibiotics, 29, 2492-2503 (1982); Langley
and Thurston, J. Org. Chem., 52, 91-97 (1987)), sibanomicin (DC-102)(Hara, et al.,
J. Antibiotics, 41, 702-704 (1988); itoh, et al., J. Antibiotics, 41, 1281-1284 (1988)),
sibiromycin (Leber, et al., J. Am. Chem. Soc., 110, 2992-2993 (1988)) and
tomamycin (Arima, et al., J. Antibiotics, 25, 437-444 (1972)). PBDs are of the

general structure:

They differ in the number, type and position of substituents, in both their aromatic

A rings and pyrrolo C rings, and in the degree of saturation of the C ring. In the
B-ring there is either an imine (N=C), a carbinolamine(NH-CH(OH)), or a
carbinolamine methyl ether (NH-CH(OMe)) at the N10-C11 position which is the
electrophilic centre responsible for alkylating DNA. All of the known natural products
have an (S)-configuration at the chiral C11a position which provides them with a
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right-handed twist when viewed from the C ring towards the A ring. This gives them
the appropriate three-dimensional shape for isohelicity with the minor groove of
B-form DNA, leading to a snug fit at the binding site (Kohn, In Antibiotics /ll.
Springer-Verlag, New York, pp. 3-11 (1975); Hurley and Needham-VanDevanter,
Acc. Chem. Res., 19, 230-237 (1986)). Their ability to form an adduct in the minor
groove, enables them to interfere with DNA processing, hence their use as

antitumour agents.

The present inventors have previously disclosed, in WO 2004/043963, cytotoxic
compounds having an aryl group at the C2 position, for example:
MeO N\ H

MeO N =

The present inventors have also previously disclosed, in co-pending PCT application
PCT/GB2005/000768 (published as WO 2005/085251), dimeric PBD compounds
bearing C2 aryl substituents, such as:

MeO OMe

The present inventors encountered some issues with the solubility of compounds
such as ZC-207, which they resolved by the use of a different form of these
compounds. This form is disclosed in pending PCT application PCT/GB2006/001456
(published as WO 2006/111759). It discloses compounds with the formula I:

9 9
R R B som
X X H
1
R" R’ N R?
R° R® 0O

or solvate thereof, whe'rein:
R? is an optionally substituted Cs. aryl group;
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R® and R® are independently selected from H, R, OH, OR, SH, SR, NH, NHR, NRR’,
nitro, Mes;Sn and halo;

where R and R’ are independently selected from optionally substituted C1.1, alkyl,
Cs.20 heterocyclyl and Cs o aryl groups;

R’ is selected from H, R, OH, OR, SH, SR, NHz, NHR, NHRR’, nitro, Me3;Sn and
halo;

R" is a Cs.12 alkylene group, which chain may be interrupted by one or more
heteroatoms, é.g. O, S, NH, and/or aromatic rings, e.g. benzene or pyridine;

X is selected from O, S, or NH;

zis2or3; -

M is a monovalent pharmaceutically acceptable cation;

RZ, R® R”,R% X' and M’ are selected from the same groups as R?, R° R’, R®, X and
M respectively, or M and M’ may together represent a divalent pharmaceutically

acceptable cation.

Pyrrolobenzodiazepines having an imine bond are known to convert to the
di-carbinolamine form in water, and isolated pyrrolobenzodiazepines often exist as a
mixture of the imine, mono-carbinolamine and di-carbinolamine forms. Furthermore,
if the compound is isolated as a solid with a mixture of these three forms, the balance
between them may change over time. Although this does not pose a problem for
administration of the compound, it can provide difficulties in accurately assessing the
amount of active substance in a given amount of powder. Compounds of the type
disclosed in WO 2006/111759, at least to some extent, overcome this difficulty whilst
remaining active, and are thus suited to formulation as pharmaceuticals.

Dimeric pyrrolobenzodiazepines offer advantages over monomeric
pyrrolobenzodiazepines in that they possess the ability to cross-link DNA in the minor

groove, which can lead to an increase in cytotoxicity.

A particularly advantageous compound in this class is disclosed in WO 2006/111759
as ZC-423, and shown below.

MeO OMe

PCT/GB2009/001819
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This compound is synthesised in WO 2006/111759 as Example 1.

However, the present inventors have found difficulties with this synthesis. In
WO 2006/111759 the synthesis comprised a very large number of steps, which
decreased the potential yield as well as adding to the experimental difficulty of

synthesising the product.

There is a need therefore for an improved method of preparing ZC-423 that has

fewer steps and provides an increased yield of the final product.

Summary of the Invention

in a general aspect, the present invention provides novel intermediates for use in the
preparation of ZC-423 and precursors thereof. The present invention also provides
methods for the preparation of ZC-423 and the precursors thereof.

NaSO, H H ,SO;Na
N o_~_"° N H
OMe  MeO N __
(0] 0]

ZC-423
OMe

MeO
In a first aspect of the present invention there is provided a method of preparing
Z2C-423, the method comprising the step of treating compound (14) with a biphasic .
solvent mixture comprising sodium bisulphite, wherein the biphasic solvent mixture
comprises an aqueous solution of the bisulphite salt and an organic solvent that is
immiscible with the aqueous solution, and compound (14) is treated with the

bisulphite salt for 12 hours or more

As an alternative aspect of the present invention, there is provided a method of
preparing ZC-423 comprising the step of treating compound (14) with a solvent
mixture comprising sodium bisulphite salt. The solvent mixture comprises an
aqueous solution of the bisulphite salt and an organic solvent that is miscible with the
aqueous solution. The organic solvent may be a protic solvent, and is preferably an

alkyl alcohol, such as isopropylalcohol (IPA).

PCT/GB2009/001819
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MeO OMe

In a second aspect of the invention there is provided a method of preparing
compound (14), the method comprising the step of reacting compound (13).

5 Preferably compound (13) is reacted with a reducing agent.

e

MeO OMe

In a third aspect of the present invention there is provided a method of preparing
compound (13), the method comprising the step of reacting compound (12) with
10  methoxyphenylboronic acid. Preferably the reaction is performed in the presence of

a palladium complex and a base.

SEM
}\l 0
o] 0
\/\/ \%\
OMe MeO N
Z>oTe
12 o)

In a fourth aspect of the invention there is provided a method of preparing compound
15  (12), the method comprising the step of reacting compound (11). Preferably
compound (11) is reacted with triflic anhydride in the presence of 2,6-lutidine.
' ISEM

SEM
N 0 }\l °
(0
\/\/ H
OMe MeO N o
0 1 0

in a fifth aspect of the present invention there is provided a method of preparing

20 compound (11), the method comprising the step of oxidising compound (10).
Preferably compound (10) is oxidised with TEMPO.
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SEM

OH

In a sixth aspect of the present invention there is provided a method of preparing
compound (10), the method comprising the step of removing the hydroxy-protecting
5 groups of compound (9). Preferably compound (9) is deprotected with TBAF.

SEM
\ (0]
(o] (o]
\/\/ H
OMe MeO N
8 OTBS

In a seventh aspect of the present invention there is provided a method of preparing
compound (9), the method comprising the step of protecting the amide nitrogen
10 atoms of compound (8) with SEM. Preferably compound (8) is treated with SEM-CI

in the presence of base. The base may be n-Buli.
h 19
0
OMe MeO N
oTBS
0O o]
8

In an eighth aspect of the present invention there is provided a method of preparing

15  compound (8), the method comprising the step of protecting the hydroxy groups of
compound (7) with TBS.

In a ninth aspect of the present invention there is provided a method of preparing

20 compound (7), the method comprising the step of cyclising compound (6).
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pisseperety

In a tenth aspect of the present invention there is provided a method of preparing
compound (6), the method comprising the step of coupling compound (5) with
methyl-4-hydroxypyrrolidine-2-carboxylate.

OZNI:[O\/\/O:Q:NOZ
HO.C OMe MeO CO,H

In another aspect of the invention there is provided a method of preparing ZC-423
comprising one or more of the methods of the first to tenth aspects of the invention.

The invention also provides the compound of formula (13).

The invention also provides the use of one or more of compounds (6), (7), (8), (9),
(10), (11), (12) and (13) as intermediates for the preparation of compound (14) or
ZC-423.

Description of the Figures

Figure 1 is the LCMS of ZC-423 (SG-2285) as prepared on a gram scale by one of
the methods described herein. The major peak (R; = 13.82 min) corresponds to the
S, S-form of ZC-423 as produced in the bisulphite salt addition reaction using a
solvent mixture comprising an aqueous solution of the bisulphite salt and an organic
solvent that is miscible with the aqueous solution. The minor peak (R; = 14.38 min)
corresponds to the S,R-form of ZC-423.

Figure 2 is the LCMS of ZC-423 (SG-2285) as prepared on a gram scale by another
of the methods described herein. The minor peak (R; = 13.82 min) corresponds to
the S,S-form of ZC-423, and the major peak (R; = 14.38 min) corresponds to the S,R-
form of ZC-423, as produced in the bisulphite salt addition reaction using a biphasic
mixture comprising an aqueous solution of the bisulphite salt and an organic solvent

that is immiscible with the aqueous solution."

PCT/GB2009/001819
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Detailed Description of the Invention

The present invention provides improved methods for the synthesis of ZC-423. The
invention also provides novel intermediates for use in such methods. These methods
allow ZC-423 to be prepared in higher yield and in less time compared to the
methods that have been previously described for the preparation of this compound.

ZC-423

In one aspect of the present invention there is provided a method of preparing
ZC-423, the method comprising the step of treating compound (14) with a solvent
mixture comprising sodium bisulphite salt. The solvent mixture may comprise an
aqueous solution of the bisulphite salt and an organic solvent that is miscible with the
aqueous solution. The organic solvent may be a protic solvent. Preferably the protic
solvent is an alkyl alcohol. The solvent is preferably propyl alcohol, most preferably
isopropylalcohol (IPA). Compound (14) may be suspended in the solvent mixture.

Methanol may be used as the organic solvent although this is less preferred owing to

toxicity issues.

The product of the reaction, ZC-423, may be dissolved in the solvent mixture. The
starting material (compound (14)) typically remains as a solid suspended in the

solvent mixture and may be collected by filtration during the reaction work up. Any
unreacted starting material (14) that is isolated may be treated with a bisulphite salt

for a second time to increase the yield of final product.

The bisulphite addition reaction may also be performed using a biphasic mixture
comprising an organic solvent and an aqueous solution comprising the bisulphite
salt. The organic solvent is immiscible with the aqueous solution. The organic
solvent may be a solvent that dissolves compound (14). The organic solvent may be
DCM. This reaction was previously reported in WO 2006/111759. '

The yield for the bisulphite addition reaction is increased substantially when
compound (14) is treated with a solvent mixture comprising a bisulphite salt, wherein
the solvent mixture comprises an aqueous solution of the bisulphite salt and an
organic solvent that is miscible with the aqueous solution. The yield for the improved
reaction is 82% compared to the yield of 55% reported in WO 2006/111759.

However, the inventors have been able to improve on the yield recorded in

PCT/GB2009/001819
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WO 2006/111759 for the biphasic mixture. A longer reaction time is found to
increase the yield. The preferred reaction times are discussed below. Also a careful
work-up procedure including a rapid freezing step of the aqueous solvent phase

provides an increased yield of 62% for this method.

In both the biphasic and miscible solvent systems, the ZC-423 product is obtained as
a mixture of the S, S-diastereomer and S,R-diastereomer forms. The Sand R
notation refers to the stereochemistry at the C-11 centre of each benzodiazepine
ring. The inventors have ascertained that no significant amount of R, R-diastereomer

is produced in the addition reaction.

Unless otherwise explicitly stated, the use of the term “S, R-diastereomer” refers to
ZC-423 as drawn herein where the C-11 centre of the left-hand benzodiazepine ring
has an S-configuration and the C-11 centre of the right-hand benzodiazepine ring
has an R-configuration, and where the C-11 centre of the left-hand benzodiazepine
ring has an R-configuration and the C-11 centre of the right—hand benzodiazepine
ring has an S-configuration. Due to the symmetrical nature of ZC-423, the S,R-

diastereomer and R, S-diastereomer are the same.

The right-hand benzodiazepine ring within ZC-423 is shown below for reference
where the C-11 centre is in the S-configuration.

|  SO,Na

1" H

N~

The predominance of the S, S-diastereomer or the S,R-diastereomer in the ZC-423
product is determined by the choice of solvent in the bisulphite addition reaction.

The inventors Have established that the S,S-diastereomer is favoured where the
bisulphite addition is performed in a solvent mixture comprising an aqueous solution
of the bisulphite salt and an organic solvent that is miscible with the aqueous

solution.

Where IPA is used as the organic solvent, the amount of the S,S-diastereomer in the
product is found to be above 96%, with less than 4% of the S,R-diastereomer.
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The inventors have established that the S,R-diastereomer is favoured where the
bisulphite addition is performed in a biphasic mixture comprising an aqueous solution
of the bisulphite salt and an organic solvent that is immiscible with the aqueous

solution.

Where DCM is used as an organic solvent, the amount of S,R-diastereomer in the
product is found to be around 90%, with around 10% of the S,S-diastereomer. Such
a high proportion of the S,R-diastereomer is only possible where the preferred
reaction conditions as described herein are used. In particular, a reaction time of 12
hours or more, more preferably 24 hours or more may be required. Furthermore, the
aqueous solution comprising the reaction product may require freezing immediately
upon completion of the addition reaction.

Without wishing to be bound by theory, the inventors believe that the biphasic
reaction conditions favour a thermodynamic product (the S,R-diastereomer), whilst
the addition reaction conditions that utilise an organic solvent that is miscible with the
aqueous solution favour a kinetic product (the S,S-diastereomer).

The inventors have found that the bisulphite addition described previously in

WO 2006/111759, which uses a DCM-based biphasic reaction mixture, results in a
ZC-423 product having around 66% of the S,R-diastereomer and around 33% of the
S,S-diastereomer. The inventors have established that the amount of
S,R-diastereomer in the ZC-423 product may be increased by increasing the
bisulphite addition reaction time. This is believed to favour the thermodynamic

product.

In one embodiment, the method comprises the step of separating the
S, S-diastereomer from the S,R-diastereomer. This method may involve liquid

chromatography.

The present invention also provides compound ZC-423 comprising predominantly the
S,S-diastereomer or the S,R-diastereomer.

In one embodiment compound ZC-423 comprises 70% or more, 80% or more or
90%, or more of the S,S-diastereomer.
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In another embodiment compound ZC-423 comprises 70% or more, 80% or more, or

90% or more of the S,R-diastereomer.

The reaction of compound (14) with a bisulphite salt in a biphasic solvent system is
described in WO 2006/111759. The stereochemistry at the C-11 centres is not given.
'Repeating the reaction as described therein, the inventors have subsequently
established that the reaction product comprises 66% of the S,R-diastereomer and
around 33% of the S,S-diastereomer.

WO 2006/111759 also describes the synthesis of an analogue of ZC-423, compound
47, having a five-carbon linker between the pyrrolobenzodiazepine moieties. The
stereochemistry of the C-11 centres of the product is given as S,S. There is no
indication as to how this product stereochemistry was assigned, or the ratio of
products in the reaction mixture.

'"H NMR analysis of a separated ZC-423 product may be used to determine the
stereochemistry of each separated diastereomer. Liquid chromatography techniques
have been found to be suitable for use in the separation of S,S- and
S,R-diastereomers. The methods described herein allow the production of one
diastereomer in large excess over the other diastereomer. The products of these
methods may be analysed directly by NMR to determine the identity of the
predominant diastereomer. Previously, when the product mixture comprised
comparable amounts of each diastereomer, the NMR analysis of the mixed product

could not easily be used to identify the major product.

The present invention also provides a method of preparing a compound having 70%
or more, 80% or more or 90%, or more of the S,S- or the S,R-diastereomer.

A method of preparing a S,S-diastereomer may comprise the step of treating
compound (14) with a bisulphite salt in a solvent mixture comprising an agueous
solution of the bisulphite salt and an organic solvent that is miscible with the aqueous

solution, as described above.

Thus, another aspect of the present invention provides a method of preparing a S,R-
diastereomer may comprise the step of treating compound (14) with a bisulphite salt
for 12 hours or more, or, most preferably, 24 hours or more. A biphasic solvent

system as described herein may be used.
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A method of preparing a S,R-diastereomer may comprise the step of treating
compound (14) with a bisulphite salt for 4 hours or less, 2 hours or less, or, most
preferably 1 hour or less. A solvent system comprising a miscible organic solvent as
described herein may be used.

For both the biphasic solvent mixture-based addition reaction and the miscible
solvent mixture-based addition reaction, the ratio of S,S- to S,R-diastereomer in the
ZC-423 product is observed to alter during the reaction work-up. However, the ratio
of the diastereomer may be preserved, or the alteration minimised, if compound
ZC-423 is purified by the methods described herein. In particular, it has been found
that the alteration in the ratio of diastereomers may be limited or prevented by
freezing the product in a solvent immediately upon, or soon after, completion of the
addition reaction. The solvent is typically a solvent used in the addition reaction and
may be the actual solvent used in the addition reaction.

In the addition reaction using a miscible organic solvent, the reaction solvent mixture
may be frozen soon after the reaction is deemed complete e.g. by LCMS or TLC.
Alternatively, the reaction solvent mixture may be frozen soon after the mixture has
been filtered to remove insoluble impurities (such as unreacted starting material).

In the addition reaction using an immiscible organic solvent, a reaction solvent
containing ZC-423 may be frozen soon after the organic phase and the aqueous
phase of the biphasic solvent mixture are separated. ZC-423 is typically contained in
the aqueous phase, and it is this solvent that may be frozen soon after separation
from the organic phase or soon after any appropriate extraction and washing steps.

Thus the present invention provides a process of preparing ZC-423, the process
comprising the step of freezing a solvent comprising ZC-423 soon after the reaction
producing ZC-423 is deemed complete.

The term “soon after” may be interpreted as meaning 5 minutes or less, 15 minutes
or less, 30 minutes or less, or 60 minutes or less after the event described.

A solvent may be frozen by reducing the temperature of the solvent to 0°C or below,
-10°C or below, -70°C or below, -100°C or below, or -190°C or below. Suitable
cooling techniques using appropriate cooling baths are well known to the skilled
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chemist. It is preferred that the solvent is frozen by reducing the temperature of the
solvent to -190°C or below. This may be achieved using a liquid nitrogen bath.

The solvent is taken to a temperature that is suitable for freeze drying the material.

After filtration of the reaction mixture to remove unreacted starting material, where
necessary, or separation of the solvent phases, where necessary, a reaction solvent
is frozen, preferably using a liquid nitrogen bath, and freeze dried. The solvent is
preferably dried over a period of 1 to 5 days, preferably for a period of around 3 days.

It is preferred that the frozen solvent is initially kept at around -190°C or below until

the majority of the organic solvent, if present, is removed.

After the solution is frozen it is freeze dried. The frozen solution may be maintained
at the frozen temperature during drying, then allowed to warm (whilst still drying).
Preferably the frozen solution is maintained at around -190°C or below for at least 3

hours before being allowed to warm.
The freeze drying process yields ZC-423 substantially free of solvent.

The material that results from the freeze drying step (typically a foam) may be taken
up in an organic solvent, preferably ethyl acetate. The resulting suspension may
then be filtered, washed with further solvent, and dried to give the ZC-423 product in

substantially pure form.

Compound (14)
The present invention provides the use of the compound of formula (14) in the
preparation of ZC-423.

Compound (14) may be prepared from compound (13), including reacting compound

(13) with a reducing agent.

The reducing agent may be selected from LiBH, and NaBH,. Preferably the reducing
agent is LiBH,.

After treatment of compound (13) with a reducing agent, a SEM deprotecting reagent
may be added, where appropriate. The SEM deprotecting reagent is preferably an
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acid, and most preferably an organic acid. The inventors have found that formic acid
may be used to good effect, providing a yield of 58%. Citric acid provides even
greater yields (75%). The use of organic acids such as citric and formic acid is more

practicable on a large scale compared with silica.

In an alternative embodiment, silica gel may be used as the SEM deprotecting
reagent. Silica gel may be used to generate the product in greater yield (98%) in
comparison to the yields for the formic acid and citric acid mediated reactions.

The preparation of compound (14) from compound (13) may proceed via
intermediate (13b).

OMe

Intermediate (13b) is prepared by reduction of compound (14). It is preferred that
intermediate (13b) is not isolated, and is treated with a SEM deprotecting reagent
after the reduction step to yield compound (14). Preferably compound (13b) is used
within 24 hours of its preparation or isolation. Most preferably, intermediate (13b) is
used within 4 hours, within 2 hours or within 1 hour of its preparation or isolation.

LiBH, is a stronger reducing agent than NaBH, and therefore allows the reduction
reaction to proceed at a faster rate. As a consequence, the product 13b may be
isolated sooner before it is converted to imine which is highly susceptible to over

reduction.

Compound (13)
The present invention provides a compound of formula (13) for use in the preparation
of compounds (14) or ZC-423.

Compound (13) may be prepared by reacting compound (12) with
methoxyphenylboronic acid. Preferably the reaction is performed in the presence of

a palladium complex and a base.

The palladium complex may be tetrakis(triphenylphosphine)palladium, Pd[PPh;s.
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The base may be a metal carbonate. The metal carbonate may be an alkali metal
carbonate, preferably sodium carbonate.

The reaction is preferably performed under an oxygen-free atmosphere. The
exclusion of oxygen maximises the yield of product material. A nitrogen atmosphere

may be used.

The reaction may be performed at 30°C or less. On related substrates, higher
temperatures were found to induce base-mediated racemisation at the C11a position.
Such racemisation has been observed on related substrates (see Antonow et al
2007).

The base may be an organic base. In one embodiment the base may be TEA.
The reaction product may be purified to remove partially-reacted material.

The yield for the coupling reaction of compound (13) with methoxyphenylboronic acid
is the same (87%) as the corresponding reaction between methoxyphenylboronic
acid and the triflate compound that has been previously described in the art
(compound (20) shown below, as described in WO 2006/111759). The triflate
compound previously described utilises a Troc protecting group rather than the SEM
protecting group reported in the present synthesis. Furthermore, the triflate
compound previously described has a silyl ether group where compound (13)

contains a carbonyl functionality.

Troc Troc
TBSO, r!l ,1‘ OTBS
Hr, / O\/\/O H
N OMe MeO N
TfO = OTf
(o] (0]

20

The change in coupling partner architecture does not reduce the yield of the coupling

reaction.
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Compound (12)
The present invention provides the use of compounds of formula (12) in the
preparation of compounds (14) or ZC-423. Compound (12) also finds use in the

preparation of compound (13).

Compound (12) may be prepared from compound formula (11). Preferably
compound (11) is reacted with triflic anhydride in the presence of a base. The base
may be an organic base. In one embodiment the organic base is selected from
pyridine and 2,6-lutidine. Preferably the base is 2,6-lutidine.

The use of 2,6-lutidine gives superior yields in the triflation reaction compared to
pyridine. The use of 2,6-lutidine gives a typical yield of 59%. The use of pyridine in
the same reaction gives only a 39% yield of product.

In addition, the use of 2,6-lutidine significantly reduces the triflation reaction time.
The optimum yield in the pyridine reaction is obtained after 6 hours, whilst the

optimum yield in the 2,6-lutidine reaction is obtained after 1 hour.

The inventors have also established that further increases in yield may be obtained
when the reaction is performed at reduced temperatures. At 0°C, the yield in the
2 6-lutidine reaction is 59% whilst repeating the reaction at -45°C increases the yield

to greater than 70%.

The organic base is preferably added to a solution of compound (11) at 0°C or below,
or -45°C or below. The temperature of the solution should be maintained within 5°C

of the intended reaction temperature during the addition of the organic base.

Compound (11)
The present invention provides the use of compounds of formula (11) in the
preparation of compounds (14) or ZC-423. Compound (11) may also find use in the

preparation of compounds of formula (12) and (13).

Compound (11) may be prepared by oxidising compound (10)'. Preferably compound
(10) is oxidised with TEMPO.

The TEMPO-mediated oxidation reaction may be performed in the presence of
bleach. In one embodiment the bleach is TCCA.

PCT/GB2009/001819
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In an alternative embodiment the bleach is a hypochlorite salt, most preferably
sodium hypochlorite. When hypochlorite salt is added to the reaction mixture, the
temperature of the reaction mixture is held in the range 0 to 5°C.

Compound (10) may be oxidised under Swern-type oxidation conditions. Thus
compound (10) may be treated with a mixture of oxalyl chloride and DMSO. The
oxalyl chloride and DMSO may be combined prior to the addition of compound (10).
Subsequently a base may be added to the reaction mixture. The base may be an

organic base, and is most preferably TEA.

Compound (10)

The present invention provides the use of compounds of formuia (10) in the
preparation of compounds (14) or ZC-423. Compound (10) may also find use in the
preparation of compounds (11), (12) and (13).

Compound (10) may be prepared by removing the hydroxy-protecting group of
compound (9). Preferably compound (9) is deprotected with TBAF.

Compound (9)

The present invention provides the use of compounds of formula (9) in the
preparation of compounds (14) or ZC-423. Compound (9) may also find use in the
preparation of compounds (10), (11), (12) and (13).

Compound (9) may be prepared by protecting the amide nitrogen atoms of
compound (8) with SEM. Compound (8) may be treated with SEM-CI in the presence
of a base. The base may be n-BuLi. Compound (8) may be first treated with base.
SEM-CI may then be subsequently added. Alternatively, the base and SEM-CI may
be added to compound (8) at around the same time. The reaction may be performed

in an ether solvent, preferably THF.

Compound (8)

The present invention provides the use of compounds of formula (8) in the
preparation of compounds (14) or ZC-423. Compound (8) may also find use in the
preparation of compounds (9), (10), (11), (12) and (13).
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Compound (8) may be prepared from compound (7). The method of preparing
compound (8) comprises the step of protecting the hydroxy groups of compound (7)
with TBS. Preferably compound (7) is treated with TBS-Cl in the presence of base.

Preferably the base is an organic base. The base may be imidazole.

Compound (7)

The present invention provides the use of compounds of formula (7) in the
preparation of compounds (14) or ZC-423. Compound (7) may also find use in the
preparation of compounds (8), (9), (10), (11), (12) and (13).

Compound (7) may be prepared from compound (6). The method of preparing
compound (7) comprises the step of cyclising compound (6).

In a preferred embodiment of the invention, compound (6) may be treated with
hydrogen in the presence of a catalyst. The catalyst may be a Pd/C catalyst. The
reaction may be performed at greater than atmospheric pressure. Preferably the
reaction is performed at 50 psi (~ 345 kPa). A Parr hydrogenation apparatus may be
used.

Compound (6) may be first treated with hydrogen in the presence of the catalyst.
Subsequently, hydrazine may be added. In one embodiment, the reaction mixture is
purified to remove the catalyst before hydrazine is added to the reaction material.
Typically, the reaction mixture is filtered to remove solid catalyst. A double filtration
may be required to remove the majority of the catalyst material.

Hydrazine hydrate may be used in the reaction. The reaction may be performed at
reflux. Ethanol may be used as a solvent for the reaction. It is preferred that the

initial filtration of the reaction mixture is performed hot.

Alternatively, compound (6) may be treated with hydrazine in the presence of a
Raney nickel catalyst. Preferably the reaction temperature is from 30 to 85°C, more
preferably from 45 to 75°C, and most preferably 50 to 65°C.

Methanol may be used as a solvent in the reaction, in which case the reaction may

be performed under reflux (~ 65°C).
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The inventors have established that the Raney nickel and hydrazine combination
provides superior results compared to hydrogen with a Pd/C catalyst alone. Both
methods provide improved yields compared to the sodium dithionite-mediated
reaction described in WO 2006/111759 on an analogous nitro compound (compound
(16) which is shown in the Preferred Strategies section below). A sodium dithionite-
mediated reduction may find use in the present invention, though the methods
described above are most preferred.

Previously, in WO 2004/04396 a reductive cyclisation was described using Pd/C with
hydrogen followed by a HC! treatment step. This method may be adapted for the
conversion of compound (6) to compound (7). However, this reaction may lead to
racemisation of the product, and the methods described above are consequently

preferred.

Compound (6)

The present invention provides the use of compounds of formula (6) in the
preparation of compound (14) or ZC-423. Compound (6) may also find use in the
preparation of compounds of formula (7), (8), (9), (10), (11), (12) and (13).

Compound (6) may be prepared from compound (5). Compound (6) may be
prepared by coupling compound (5) with methyl-4-hydroxypyrrolidine-2-carboxylate.
Preferably the carboxylate is (2S,4R)-methyl-4-hydroxypyrrolidine-2-carboxylate.
Preferably the hydrochloride salt of the carboxylate is used. The
para-toluenesulfonate (p-TSOH) salt may also be used, though this is less preferred.

Compound (6) may be first treated with an activating agent to give the corresponding
acid chloride compound. This compound may be isolated and stored for later use.
The acid chloride may then be added to methyl-4-hydroxypyrrolidine-2-carboxylate.

The activating agent is added to generate the active ester form of compound (5).

Preferably the activating agent is oxalyl chloride.

Preferably the coupling reaction is performed in the presence of base. The base may

be an organic base. TEA may be used.

The inventors have established that compound (6) may be used advantageously in
the preparation of benzodiazepine-containing compounds from compound (5).

PCT/GB2009/001819
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Compound (5) may be used as an intermediate for the synthesis of compound (7)
and its analogues. In contrast with the route disclosed in WO 2006/111759, the
benzodiazepine-containing compound of formula (8) may be accessed in two steps
from compound (5) via compound (7). In contrast, WO 2006/111759 describes a
preparation of a benzodiazepine-containing compound in five steps from compound

(5).

Compound (5)

The synthesis of compounds of formula (5) is described in the applicant’s earlier
application, WO 2006/111759. The preparation of compound (5) as described
therein is specifically incorporated by reference herein. Example 1 in this earlier
application is particularly relevant. WO 00/012508 also describes the preparation of
compound (5) and is hereby incorporated by reference.

Briefly, compound (5), is derived from compound (2).

RO
MeO CO,Me

2
Compound (2) is dimerised to give compound (3).

HODEOWOJCEOH
MeO,C OMe MeO CO,Me
3
The hydroxy! groups on the dimer are then converted to nitro groups to yield

OzNjc[o\/\/OI:[NOz
MeO,C OMe MeO Co,Me

4

compound (4).

Compound (5) is obtained from (4) by hydrolysis of the methyl esters of compound

(4).
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In one embodiment of the invention, the preparation of any one of compounds (6) to
(14) and ZC-423 comprises any one of the steps described above, and disclosed in
WO 2006/111759 and WO 00/012508.

Preferred Synthesis of ZC-423

In one aspect of the invention there is provided a process of preparing ZC-423
comprising one or more of the steps described above. In a preferred embodiment,
the preparation of ZC-423 comprises two or more of the steps described above.

ZC-423 may be prepared in a multi-step synthesis. The intermediates in the
synthesis may be one or more of the compounds discussed above.

In a preferred process of preparing ZC-423, the process comprises one or more of
the following methods:

(i) the synthesis of compound (11) by oxidation of compound (10) as
described herein;

(ii) the synthesis of compound (12) by reaction of compound (11) as
described herein;

(iii) the synthesis of compound (13) by reacting compound (12) with
methoxyphenylboronic acid as described herein; and

(iv) the synthesis of ZC-423 by reacting compound (14) with a bisulphite salt

as described herein.

In step (iv), ZC-423 may be prepared by treating compound (14) with a mixture
comprising an aqueous solution of a bisulphite salt and an organic solvent that is
miscible with the aqueous portion. Alternatively, ZC-423 may be prepared by treating
compound (14) with a biphasic mixture comprising an aqueous solution of a
bisulphite salt and an organic solvent that is immiscible with the aqueous portion.

Where the steps (i) to (iv) are used in combination in the preparation of ZC-423, the
overall yield from compound (10) to the product ZC-423 is significantly increased

compared to preparations previously described in the literature.

In one embodiment, the process of preparing ZC-423 may comprise one or more of
the steps (i) to (iv) discussed above, and additionally one or more of the following
steps:

(v) the synthesis of compound (5) from compound (2) as described herein;

PCT/GB2009/001819
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(vi) the synthesis of compound (6) by coupling compound (5) with methyl-4-
hydroxypyrrolidine-2-carboxylate as described herein;

(vii) the synthesis of compound (7) by cyclising compound (6) as described
herein;

(vii) the synthesis of compound (8) by protecting the hydroxy groups of
compound (7) with TBS as described herein;

(viii) the synthesis of compound (9) by protecting the amide nitrogen atoms of
compound (8) with SEM as described herein; and

(ix) the synthesis of compound (10) by removing the hydroxy-protecting

groups of compound (9) as described herein.

in one embodiment, ZC-423 may be prepared from compound (5) via each of the
compounds of formula (6) to (14) inclusive. Preferably the synthesis involves each of
the steps (i) to (ix) mentioned above. Compared to the synthesis previously
disclosed in WO 2006/111759 from compound (5), this route involves fewer chemical
transformations. Furthermore, this route reduces the combined total reaction time
from compound (5) to ZC-423.

Where the compound of ZC-423 is prepared from cbmpound (5), one or more steps
in the synthesis may utilise the most preferred conditions described herein. The use
of the most preferred reaction conditions allows ZC-423 to be prepared in higher
yield compared to the overall yield for the route disclosed in WO 2006/111759.

Strategies for the Preparation of the Benzodiazepine Ring
WO 2006/111759 describes the preparation of a benzodiazepine ring in a dimer
structure. The initial preparation of the ring starts from compound (5) which is

coupled with compound (15) to give compound (16).

TBSO
NH
AcO'
15
TBSO-_ ON 0 _~_70 0, /OTBS
N OMe MeO
N 0

AcO 16

PCT/GB2009/001819
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The nitro group of compound (16) is then reduced to give compound (17).

TBSO5 iji NH, /OTBS

Compound (17) is then treated to remove the silyl protecting groups, to give

Jarepes

Compound (18) is then converted to the benzodiazepine dimer compound of formula
(19) by treatment with TEMPO and BAIB (bisacetoxyiodobenzene).

Troc Troc

compound (18).

HO,

9@[ esecH

Compound (19) is used to prepare compound (20) described in relation to compound
(13) above.

The inventors have established that the a dimer comprising a pair of benzodiazepine
rings may be prepared from compound (5) in greater yield and in fewer steps
compared to the method described in WO 2006/111759.

Thus, the preferred method described herein allows the benzodiazepine-containing
compound of formula (7) to be prepared from compound (5) in two steps and 79%
overall yield. In contrast, the first benzodiazepine-containing compound described in
WO 2006/111759 is compound (19) which is obtained from compound (5) in five
steps and 15% overall yield.
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Abbreviations
The following abbreviations are used in the specification:

DCM dicholromethane

DMF N, N-dimethylformamide

DMSO dimethylsulfoxide

IPA iso-propyl alcohol

SEM 2-(trimethylsilyl)ethoxymethyl
TBAF tetrabutylammonium fluoride
TBS tert-butyldimethylsilyl

TCCA trichloroisocyanuric acid
TEMPO 2,2 ,6,6-tetramethylpiperidine-1-oxyl
TEA triethylamine

Tf triflate; trifluoromethanesulfonyl
TLC thin layer chromatography
TROC 2,2,2-trichloroethoxycarbony!l
Experimental Details

General information

Reaction progress was monitored by thin-layer chromatography (TLC) using Merck
Kieselgel 60 F254 silica gel, with fluorescent indicator on aluminium plates.
Visualisation of TLC was achieved with UV light or iodine vapour unless otherwise
stated. Flash chromatography was performed using Merck Kieselgel 60 F254 silica
gel. Extraction and chromatography solvents were bought and used without further
purification from Fisher Scientific, U.K. Ali chemicals were purchased from Aldrich,

Lancaster or BDH.

'H and "*C NMR spectra were obtained on a Bruker Avance 400 spectrometer.
Coupling constants are quoted in hertz (Hz). Chemical shifts are recorded in parts
per million (ppm) downfield from tetramethylsilane. Spin multiplicities are described
as s (singlet), bs (broad singlet), d (doublet), t (triplet), q (quartet), p (pentuplet) and
m (multiplet). IR spectra were recorded on a Perkin-Elmer FT/IR paragon 1000
spectrophotometer by application of the sample in a solution of chloroform using the
ATR “golden gate” system. Optical Rotations were measured at ambient
temperature using a Bellingham and Stanley ADP 220 polarimeter. Mass
spectrometry was performed on a ThermoQuest Navigator from Thermo Electron,
Electrospray (ES) spectra were obtained at 20 to 30 V. Accurate mass
measurements were performed using Micromass Q-TOF global tandem. All samples
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were run under electrospray ionization mode using 50% acetonitrile in water and
0.1% formic acid as a solvent. Samples were run on W mode which gives a typical
resolution of 19000 at FWHH. The instrument was calibrated with [Glu]-

Fibrinopeptide B immediately prior to measurement.

The LC/MS conditions were as follows: The HPLC (Waters Alliance 2695) was run
using a mobile phase of water (A) (formic acid 0.1%) and acetonitrile (B) (formic acid
0.1%). Gradient: initial composition 5% B over 1.0 min then 5% B to 95% B within 3
min. The composition was held for 0.5 min at 95% B, and then returned to 5% B in
0.3 minutes. Total gradient run time equals 5 min. Flow rate 3.0 mL/min, 400pL was
split via a zero dead volume tee piece which passes into the mass spectrometer.
Wavelength detection range: 220 to 400 nm. Function type: diode array (535 scans).
Column: Phenomenex® Onyx Monolithic C18 50 x 4.60 mm.

Preparation of Compound (5)

A method for the synthesis of nitro-benzoic acid 5§ from compound (2) via the
compounds of formula (3) and (4) is disclosed in WO 00/012508 and WO
2006/111759. The preparation is illustrated below in Scheme 1.

Scheme 1
HO: : RIIO\/\/OI:[R
MeO CO,Me MeO,C OMe MeO CO,Me
3R=0OH
2 |
4R =NO,

OZNJC[O\/\/O:@NOZ
HO,C OMe MeO CO,H
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Preparation of Compounds (6) to (14) and ZC-423

Scheme 2 - Preparation of Compounds 6 to 10

oS egrcalily (e ages ey

R1 R1
o [/ v 0
N O ~P° N
ok N OMe  MeO : '7]/N
R, X OR
o [0}
TR, Ry =H
8R,=H;R,=TBS

9R, = SEM; R, = TBS
10R,=SEM;R,=H

L.

.

.
Compound (6)
1,1’-[[(Propane-1,3-diyl)dioxy]bis[(5-methoxy-2-nitro-1,4-
phenylene)carbonyl]lbis[(2S,4R)-methyl-4-hydroxypyrrolidine-2-carboxylate].
Method A: A catalytic amount of DMF (2 drops) was added (effervescence!) to a
stirred solution of the nitro-benzoic acid 5 (1.0 g, 2.15 mmol) and oxalyl chloride (0.95
mL, 1.36 g, 10.7 mmol) in dry THF (20 mL). The reaction mixture was allowed to stir
for 16 hours at room temperature and the solve‘nt was removed by evaporation in
vacuo. The resulting residue was re-dissolved in dry THF (20 mL) and the acid
chloride solution was added dropwise to a stirred mixture of (2S,4R)-methyl-4-
hydroxypyrrolidine-2-carboxylate hydrochloride (859 mg, 4.73 mmol) and TEA (6.6
mL, 4.79 g, 47.3 mmol) in THF (10 mL) at -30 °C (dry ice/ethylene glycol) under a
nitrogen atmosphere. The reaction mixture was allowed to warm to room
temperature and stirred for a further 3 hours after which time TLC (95:5 v/v
CHCIly/MeOH) and LC/MS (2.45 min (ES+) m/z (relative intensity) 721 ((M + H]", 20))
revealed formation of product. Excess THF was removed by rotary evaporation and
the resulting residue was dissolved in DCM (50 mL). The organic layer was washed
with 1N HCI (2 x 15 mL), saturated NaHCOj3 (2 x 15 mL), H.O (20 mL), brine (30 mL)
and dried (MgSQ,). Filtration and evaporation of the solvent gave the crude product
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as a dark coloured oil. Purification by flash chromatography (gradient elution: 100%
CHCl; to 96:4 viv CHCI;/MeOH) isolated the pure amide 6 as an orange coloured
glass (840 mg, 54%).

Method B: Oxalyl chloride (9.75 mL, 14.2 g, 111 mmol) was added to a stirred
suspension of the nitro-benzoic acid 5 (17.3 g, 37.1 mmol) and DMF (2 mL) in
anhydrous DCM (200 mL). Following initial effervescence the reaction suspension
became a solution and the mixture was allowed to stir at room temperature for 16
hours. Conversion to the acid chloride was confirmed by treating a sample of the
reaction mixture with MeOH and the resulting bis-methyl ester was observed by
LC/MS. The majority of solvent was removed by evaporation in vacuo, the resulting
concentrated solution was re-dissolved in a minimum amount of dry DCM and
triturated with diethyl ether. The resulting yellow precipitate was collected by
filtration, washed with cold diethyl ether and dried for 1 hour in a vacuum oven at
40°C. The solid acid chloride was added portionwise overa period of 25 minutes to
a stirred suspension of (2S,4R)-methyl-4-hydroxypyrrolidine-2-carboxylate
hydrochloride (15.2 g, 84.0 mmol) and TEA (25.7 mL, 18.7 g, 185 mmol) in DCM
(150 mL) at -40°C (dry ice/CH;CN). Immediately, the reaction was complete as
judged by LC/MS (2.47 min (ES+) m/z (relative intensity) 721 (M + H]*, 100)). The
mixture was diluted with DCM (150 mL) and washed with 1N HCI (300 mL), saturated
NaHCO; (300 mL), brine (300 mL), filtered (through a phase separator) and the
solvent evaporated in vacuo to give the pure product 6 as an orange solid (21.8 g,
82%).

Analytical Data: [o]% = -46.1° (¢ = 0.47, CHCls); 'H NMR (400 MHz, CDCl5)
(rotamers) § 7.63 (s, 2H), 6.82 (s, 2H), 4.79-4.72 (m, 2H), 4.49-4.28 (m, 6H), 3.96
(s, 6H), 3.79 (s, 6H), 3.46-3.38 (m, 2H), 3.02 (d, 2H, J = 11.1 Hz), 2.48-2.30 (m, 4H),
2.29-2.04 (m, 4H); *C NMR (100 MHz, CDCl) (rotamers) & 172.4, 166.7, 154.6,
148 .4, 137.2, 127.0, 109.7, 108.2, 69.7, 65.1, 57.4, 57.0, 56.7, 52.4, 37.8, 29.0; IR
(ATR, CHCI3) 3410 (br), 3010, 2953, 1741, 1622, 1577, 1519, 1455, 1429, 1334,
1274, 1211, 1177, 1072, 1050, 1008, 871 cm™'; MS (ES*) m/z (relative intensity) 721
([M + HJ", 47), 388 (80); HRMS [M + HJ* theoretical C31HssN4O1s m/z 721.2199,
found (ES*) m/z 721.2227.
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Compound (7)
1,1’-[[(Propane-1,3-diyl)dioxy]bis(11aS,2R)-2-(hydroxy)-7-methoxy-
1,2,3,10,11,11a-hexahydro-5H-pyrrolo[2,1-c][1,4]-benzodiazepin-5,11-dione].

Method A: A suspension of 10% Pd/C (7.5 g, 10% w/w) in DMF (40 mL) was added
to a solution of the nitro-benzoate ester 6 (75 g, 104 mmol) in DMF (360 mL). The
suspension was hydrogenated in a Parr hydrogenation apparatus over 8 h. Progress
of the reaction was monitored by LC/MS (2.12 min (ES+) m/z (relative intensity) 597
(IM + H]*, 100), (ES-) m/z (relative intensity) 595 ([M + H]", 100) after the hydrogen
uptake had stopped. Solid Pd/C was removed by filtration and the filtrate was
concentrated by rotary evaporation under vacuum (below 10 mbar) at 40°C to afford
a dark oil containing traces of DMF and residual charcoal. The residue was digested
in EtOH (500 mL) at 40°C on a water bath (rotary evaporator bath) and the resulting
suspension was filtered through celite and washed with ethanol (500 mL) to give a
clear filtrate. Hydrazine hydrate (10 mL, 321 mmol) was added to the solution and the
reaction mixture was heated at reflux. After 20 minutes the formation of a white
precipitate was observed and reflux was allowed to continue for a further 30 minutes.
The mixture was allowed to cool down to room temperature and the precipitate was
retrieved by filtration, washed with diethyl ether (2* 1 volume of precipitate) and dried

in a vacuum desiccator to provide 7 (50 g, 81%).

Method B: A solution of the nitro-benzoate ester 6 (6.80 g, 9.44 mmol) in MeOH (300
mL) was added to Raney™ nickel (4 large spatula ends of a ~ 50% slurry in H,O) and
anti-bumping granules in a 3-neck round bottomed flask. The mixture was heated at
reflux and then treated dropwise with a solution of hydrazine hydrate (5.88 mL,

6.05 g, 188 mmol) in MeOH (50 mL) at which point vigorous effervesbence was
observed. When the addition was complete (~ 30 minutes) additional Raney™ nickel
was added carefully until effervescence had ceased and the initial yellow colour of
the reaction mixture was discharged. The mixture was heated at reflux for a further
30 minutes at which point the reaction was deemed complete by TLC (90:10 v/iv
CHCIslMeOH) and LC/MS (2.12 min (ES+) m/z (relative intensity) 597 ((M + HJ",
100)). The reaction mixture was allowed to cool to around 40°C and then excess
nickel removed by filtration through a sinter funnel without vacuum suction. The
filtrate was reduced in volume by evaporation in vacuo at which point a colourless
precipitate formed which was collected by filtration and dried in a vacuum desiccator
to provide 7 (5.40 g, 96%).

PCT/GB2009/001819
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Analytical Data: [«]’p = +404° (¢ = 0.10, DMF); '"H NMR (400 MHz, DMSO-ds)
§10.2 (s, 2H, NH), 7.26 (s, 2H), 6.73 (s, 2H), 5.11 (d, 2H, J = 3.98 Hz, OH),
4.32-4.27 (m, 2H), 4.19-4.07 (m, 6H), 3.78 (s, 6H), 3.62 (dd, 2H, J = 12.1, 3.60 Hz),
3.43 (dd, 2H, J = 12.0, 4.72 Hz), 2.67-2.57 (m, 2H), 2.26 (p, 2H, J = 5.90 Hz),
1.99-1.89 (m, 2H); *C NMR (100 MHz, DMSO-d¢) 5 169.1, 164.0, 149.9, 144.5,
129.8, 117.1, 111.3, 104.5, 54.8, 54.4, 53.1, 33.5, 27.5; IR (ATR, neat) 3438, 1680,
1654, 1610, 1605, 1516, 1490, 1434, 1379, 1263, 1234, 1216, 1177, 1156, 1115,
1089, 1038, 1018, 952, 870 cm™'; MS (ES*) m/z (relative intensity) 619 ([M + NaJ",
10), 597 ([M + HJ*, 52), 445 (12), 326 (11); HRMS [M + H]" theoretical C2sH32N4O10
m/z 597.2191, found (ES™) m/z 597.2205.

Compound (8)
1,1’-[[(Propane-1,3-diyl)dioxy]bis(11aS,2R)-2-(tert-butyldimethylsilyloxy)-7-
methoxy-1,2,3,10,11,11a-hexahydro-5H-pyrrolo[2,1-c][1,4]-benzodiazepin-5,11-
dione].

TBSCI (317 mg, 2.1 mmol) and imidazole (342 mg, 5.03 mmol) were added to a
cloudy solution of the tetralactam 7 (250 mg, 0.42 mmol) in anhydrous DMF (6 mL).
The mixture was allowed to stir under a nitrogen atmosphere for 3 h after which time
the reaction was deemed complete as judged by LC/MS (3.90 min (ES+) m/z
(relative intensity) 825 ((M + H]™, 100)). The reaction mixture was poured onto ice
(~ 25 mL) and allowed to warm to room temperature with stirring. The resulting white
precipitate was collected by vacuum filtration, washed with H;O, diethyl ether and

dried in the vacuum desiccator to provide pure 8 (252 mg, 73%).

Analytical Data: [a]*p = +234° (¢ = 0.41, CHCl3); 'H NMR (400 MHz, CDCl) 5 8.65
(s, 2H, NH), 7.44 (s, 2H), 6.54 (s, 2H), 4.50 (p, 2H, J = 5.38 Hz), 4.21-4.10 (m, 6H),
3.87 (s, 6H), 3.73-3.63 (m, 4H), 2.85-2.79 (m, 2H), 2.36-2.29 (m, 2H), 2.07-1.99

(m, 2H), 0.86 (s, 18H), 0.08 (s, 12H); *C NMR (100 MHz, CDCl;) & 170.4, 165.7,
151.4, 146.6, 129.7, 118.9, 112.8, 105.3, 69.2, 65.4, 56.3, 55.7, 54.2, 35.2, 28.7,
25.7, 18.0, -4.82 and -4.86; IR (ATR, CHCI;) 3235, 2955, 2926, 2855, 1698, 1695,
1603, 1518, 1491, 1446, 1380, 1356, 1251, 1220, 1120, 1099, 1033 cm™; MS (ES”)
m/z (relative intensity) 825 ([M + H]", 62), 721 (14), 440 (38); HRMS [M + HI™
theoretical C41HgoN4O10Si> m/z 825.3921, found (ES*) m/z 825.3948.
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Compound (9)
1,1’-[[(Propane-1,3-diyl)dioxy]bis(11aS,2R)-2-(tert-butyldimethylsilyloxy)-7-
methoxy-10-((2-(trimethylsilyl)ethoxy)methyl)-1,2,3,10,11,11 a-hexahydrd-SH—
pyrrolo[2,1-c][1,4]-benzodiazepin-5,11-dione].

A solution of n-BuLi (4.17 mL of a 1.6 M solution in hexane, 6.67 mmol) in anhydrous
THF (10 mL) was added dropwise to a stirred suspension of the tetralactam 8

(2.20 g, 2.67 mmol) in anhydrous THF (30 mL) at -30°C (dry ice/ethylene glycol)
under a nitrogen atmosphere. The reaction mixture was allowed to stir at this
temperature for 1 hour (now a reddish orange colour) at which point a solution of
SEMCI (1.18 mL, 1.11 g, 6.67 mmol) in anhydrous THF (10 mL) was added
dropwise. The reaction mixture was allowed to slowly warm to room temperature
and was stirred for 16 hours under a nitrogen atmosphere. The reaction was
deemed complete as judged by TLC (EtOAc) and LC/MS (4.77 min (ES+) m/z
(relative intensity) 1085 ([M + H]", 100)). Th.e THF was removed by evaporation in
vacuo and the resulting residue dissolved in EtOAc (60 mL), washed with H,O

(20 mL), brine (20 mL), dried (MgSO,) filtered and evaporated in vacuo to provide the
crude product. Purification by flash chromatography (80:20 v/v Hexane/EtOAc) gave
the pure N10-SEM-protected tetralactam 9 as an oil (2.37 g, 82%).

Analytical Data: [0]%, = +163° (¢ = 0.41, CHCl); 'H NMR (400 MHz, CDCl;) § 7.33
(s, 2H), 7.22 (s, 2H), 5.47 (d, 2H, J = 9.98 Hz), 4.68 (d, 2H, J = 9.99 Hz), 4.57 (p, 2H,
J =5.77 Hz), 4.29-4.19 (m, 6H), 3.89 (s, 6H), 3.79-3.51 (m, 8H), 2.87-2.81 (m, 2H),
2.41 (p, 2H, J = 5.81 Hz), 2.03-1.90 (m, 2H), 1.02-0.81 (m, 22H), 0.09 (s, 12H),

0.01 (s, 18H); *C NMR (100 MHz, CDCl3) 8 170.0, 165.7, 151.2, 147.5, 133.8, 121.8,
111.6, 106.9, 78.1, 69.6, 67.1, 65.5, 56.6, 56.3, 53.7, 35.6, 30.0, 25.8, 18.4, 18.1,
-1.24, -4.73; IR (ATR, CHCl;) 2951, 1685, 1640, 1606, 1517, 1462, 1433, 1360,
1247, 1127, 1065 cm™; MS (ES*) m/z (relative intensity) 1113 ([M + Na]", 48),

1085 ([M + H]*, 100), 1009 (5), 813 (6); HRMS [M + H]" theoretical Cs3HgaN4O12Sis
m/z 1085.5548, found (ES™) m/z 1085.5542.

PCT/GB2009/001819
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Compound (10)
1,1’-[[(Propane-1,3-diyl)dioxy]bis(11aS,2R)-2-hydroxy-7-methoxy-10-((2-
(trimethylsilyl)ethoxy)methyl)-1,2,3,10,11,11a-hexahydro-5H-pyrrolo[2,1-c][1,4]-
benzodiazepin-5,11-dione].

A solution of TBAF (5.24 mL of a 1.0 M solution in THF, 5.24 mmol) was added to a
stirred solution of the bis-silyl ether 9 (2.58 g, 2.38 mmol) in THF (40 mL) at room
temperature. After stirring for 3.5 hours, analysis of the reaction mixture by TLC
(95:5 viv CHCI;/MeOH) revealed completion of reaction. The reaction mixture was
poured into a solution of saturated NH,CI (100 mL) and extracted with EtOAc

(3 x 30 mL). The combined organic layers were washed with brine (60 mL), dried
(MgSO0,), filtered and evaporated in vacuo to provide the crude product. Puriﬂcation
by flash chromatography (gradient elution: 100% CHClI; to 96:4 v/v CHCIs/MeOH)
gave the pure tetralactam 10 as a white foam (1.78 g, 87%).

Analytical Data: LC/MS 3.33 min (ES+) m/z (relative intensity) 879 ([M + Na]", 100),
857 (M + H]‘;‘, 40); [a]®p = +202° (¢ = 0.34, CHCl5); 'H NMR (400 MHz, CDCl) &
7.28 (s, 2H), 7.20 (s, 2H), 5.44 (d, 2H, J= 10.0 Hz), 4.72 (d, 2H, J = 10.0 Hz),
4.61-4.58 (m, 2H), 4.25 (t, 4H, J = 5.83 Hz), 4.20-4.16 (m, 2H), 3.91-3.85 (m, 8H),
3.77-3.54 (m, 6H), 3.01 (br s, 2H, OH), 2.96-2.90 (m, 2H), 2.38 (p, 2H, J = 5.77 Hz),
2.11-2.05 (m, 2H), 1.00-0.91 (m, 4H), 0.00 (s, 18H); *C NMR (100 MHz, CDCls)
5169.5, 165.9, 151.3, 147.4, 133.7, 121.5, 111.6, 106.9, 79.4, 69.3, 67.2, 65.2, 56.5,
56.2, 54.1, 35.2, 29.1, 18.4, -1.23; IR (ATR, CHCI;) 2956, 1684, 1625, 1604, 1518,
1464, 1434, 1361, 1238, 1058, 1021 cm™; MS (ES*) m/z (relative intensity) 885

(IM + 291", 70), 857 ([M + HJ*, 100), 711 (8), 448 (17); HRMS [M + HJ" theoretical
C41HeoN4O12Si, m/z 857.3819, found (ES*) m/z 857.3826.
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Scheme 3 - Preparation of Compounds 11 to 13
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Compound (11)
1,1’-[[(Propane-1,3-diyl)dioxy]bis[(11aS)-11-sulpho-7-methoxy-2-oxo-10-((2-
(trimethylsilyl)ethoxy)methyl)1,2,3,10,11,11a-hexahydro-5H-pyrrolo[2,1-
c]{1,4]benzodiazepin-5,11-dione]].

Method A: A 0.37 M sodium hypochlorite solution (142.5 mL, 52.71 mmol, 2.4 eq)
was added dropwise to a vigorously stirred mixture of the diol 10 (18.8 g, 21.96
mmol, 1 eq), TEMPO (0.069 g, 0.44 mmol, 0.02 eq) and 0.5 M potassium bromide
solution (8.9 mL, 4.4 mmol, 0.2 eq) in DCM (115 mL) at 0°C. The temperature was
maintained between 0°C and 5°C by adjusting the rate of addition. The resultant
yellow emulsion was stirred at 0°C to 5°C for 1 hour. TLC (EtOAc) and LC/MS
[3.53 min. (ES+) m/z (relative intensity) 875 ([M + NaJ*, 50), (ES-) m/z (relative
intensity) 852 ([M — H]", 100)] indicated that reaction was complete.

The reaction mixture was filtered, the organic layer separated and the aqueous layer
was backwashed with DCM (x 2). The combined organic portions were washed with
brine (x 1), dried (MgSQ,) and evaporated to give a yellow foam. Purification by flash
column chromatography (gradient elution 35/65 v/v n-hexane/EtOAC, 30/70 to 25/75
v/v n-hexane/EtOAC) afforded the bis-ketone 11 as a white foam (14.1 g, 75%).
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Sodium hypochlorite solution, reagent grade, available at chlorine 10-13%, was used.
This was assumed to be 10% (10 g NaClO in 100 g) and calculated to be 1.34 M in
NaClO. A stock solution was prepared from this by diluting it to 0.37 M with water.
This gave a solution of approximately pH 14. The pH was adjusted to 9.3 to 9.4 by
the addition of solid NaHCO;. An aliquot of this stock was then used so as to give 2.4

mol eq. for the reaction.

On addition of the bleach solution an initial increase in temperature was observed.
The rate of addition was controlled, to maintain the temperature between 0°C to 5°C.
The reaction mixture formed a thick, lemon yellow coloured, emulsion.

The oxidation was an adaptation of the procedure described in Thomas Fey et al, J.
Org. Chem., 2001, 66, 8154-8159.

Method B: Solid TCCA (10.6 g, 45.6 mmol) was added portionwise to a stirred
solution of the alcohol 10 (18.05 g, 21.1 mmol) and TEMPO (123 mg, 0.78 mmol) in
anhydrous DCM (700 mL) at 0 °C (ice/acetone). The reaction mixture was stirred at
0 °C under a nitrogen atmosphere for 15 min after which time TLC (EtOAc) and
LC/MS [3.57 min (ES+) m/z (relative intensity) 875 ([M + NaJ", 50)] revealed
completion of reaction. The reaction mixture was filtered through celite and the
filtrate was washed with saturated aqueous NaHCOj3; (400mL), brine (400mL), dried
(MgSO0,), filtered and evaporated in vacuo to provide the crude product. Purification
by flash column chromatographyv(80:20 viv EtOAc/Hexane) afforded the bis-ketone
11 as a foam (11.7 g, 65%).

Method C: A solution of anhydrous DMSO (0.72 mL, 0.84 g, 10.5 mmol) in dry DCM
(18 mL) was added dropwise over a period of 25 min to a stirred solution of oxalyl
chloride (2.63 mL of a 2.0 M solution in DCM, 5.26 mmol) under a nitrogen
atmosphere at -60 °C (lig N,/CHCI3). After stirring at -55°C for 20 min, a slurry of the
substrate 10 (1.5 g, 1.75 mmol) in dry DCM (36 mL) was added dropwise over a
period of 30 min to the reaction mixture. After stirring for a further 50 min at -55°C, a
solution of TEA (3.42 mL, 2.49 g; 24.6 mmol) in dry DCM (18 mL) was added
dropwise over a period of 20 min to the reaction mixture. The stirred reaction mixture
was allowed to warm to room temperature (~ 1.5 h) and then diluted with DCM (50
mL). The organic solution was washed with 1 N HCI (2 x 25 mL), H>O (30 mL), brine
(30 mL) and dried (MgSQ,). Filtration and evaporation of the solvent in vacuo
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afforded the crude product which was purified by flash column chromatography
(80:20 v/v EtOAc/Hexane) to afford bis-ketone 11 as a foam (835 mg, 56%)

Analytical Data: LC/MS 3.55 min (ES+) m/z (relative intensity) 875 ([M + Na]*, 50);
[2]% = +291° (¢ = 0.26, CHCI3); 'H NMR (400 MHz, CDCls) 8 7.32 (s, 2H), 7.25

(s, 2H), 5.50 (d, 2H, J = 10.1 Hz), 4.75 (d, 2H, J = 10.1 Hz), 4.60 (dd, 2H, J = 9.85,
3.07 Hz), 4.31-4.18 (m, 6H), 3.89-3.84 (m, 8H), 3.78-3.62 (m, 4H), 3.55 (dd, 2H, J =
19.2, 2.85 Hz), 2.76 (dd, 2H, J = 19.2, 9.90 Hz), 2.42 (p, 2H, J = 5.77 Hz), 0.98-0.91
(m, 4H), 0.00 (s, 18H); *C NMR (100 MHz, CDCl;) 5 206.8, 168.8, 165.9, 151.8,
148.0, 133.9, 120.9, 111.6, 107.2, 78.2, 67.3, 65.6, 56.3, 54.9, 52.4, 37.4, 29.0, 18.4,
-1.24; IR (ATR, CHCIl3) 2957, 1763, 1685, 1644, 1606, 1516, 1457, 1434, 1360,
1247, 1209, 1098, 1066, 1023 cm™; MS (ES*) m/z (relative intensity) 881 ([M + 29]",
38), 853 ([M + H]", 100), 707 (8), 542 (12); HRMS [M + H]" theoretical
Ca1Hs6N4O12Si; m/z 853.3506, found (ES*) m/z 853.3502.

Compound (12)

1,1’-[[(Propane-1,3-diyl)dioxy]bis(11aS)-7-methoxy-2-
[[(trifluoromethyl)sulfonyl]oxy]-10-((2-(trimethylsilyl)ethoxy)methyl)-
1,10,11,11a-tetrahydro-5H-pyrrolo[2,1-c][1,4]-benzodiazepin-5,11-dione] .
Anhydrous 2,6-lutidine (5.15 mL, 4.74 g, 44.2 mmol) was injected in one porﬁbn toa
vigorously stirred solution of bis-ketone 11 (6.08 g, 7.1 mmol) in dry DCM (180 mL) at
-45 °C (dry ice/acetonitrile cooling bath) under a nitrogen atmosphere. Anhydrous
triflic anhydride, taken from a freshly opened ampoule (7.2 mL, 12.08 g, 42.8 mmol),
was injected rapidly dropwise, while maintaining the temperature at -40 °C or below.
The reaction mixture was allowed to stir at -45 °C for 1 h at which point TLC

(50/50 viv n-hexane/EtOAc) revealed the complete consumption of starting material.
The cold reaction mixture was immediately diluted with DCM (200 mL) and, with
vigorous shaking, washed with water (1 x 100 mL), 5% citric acid solution (1 x 200
mL) saturated NaHCOj3 (200 mL), brine (100 mL) and dried (MgSQO,). Filtration and
evaporation of the solvent in vacuo afforded the crude product which was purified by
flash column chromatography (gradient elution: 90:10 v/v n-hexane/EtOAc to 70:30
v/v n-hexane/EtOAc) to afford bis-enol triflate 12 as a yellow foam (5.5 g, 70%).

Analytical Data: LC/MS 4.32 min (ES+) m/z (relative intensity) 1139 ((M + Na]",
20); [ = +271° (¢ = 0.18, CHCl5); 'H NMR (400 MHz, CDCl3) 8 7.33 (s, 2H), 7.26
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(s, 2H), 7.14 (t, 2H, J = 1.97 Hz), 5.51 (d, 2H, J = 10.1 Hz), 4.76 (d, 2H, J = 10.1 Hz),
4.62 (dd, 2H, J = 11.0, 3.69 Hz), 4.32-4.23 (m, 4H), 3.94-3.90 (m, 8H), 3.81-3.64

(m, 4H), 3.16 (ddd, 2H, J = 16.3, 11.0, 2.36 Hz), 2.43 (p, 2H, J = 5.85 Hz), 1.23-0.92
(m; 4H), 0.02 (s, 18H); *C NMR (100 MHz, CDCl5) 5 167.1, 162.7, 151.9, 148.0,
138.4, 133.6, 120.2, 118.8, 111.9, 107.4, 78.6, 67.5, 65.6, 56.7, 56.3, 30.8, 29.0,
18.4, -1.25; IR (ATR, CHCls) 2958, 1690, 1646, 1605, 1517, 1456, 1428, 1360, 1327,
1207, 1136, 1096, 1060, 1022, 938, 913 cm™"; MS (ES*) m/z (relative intensity) 1144
([M + 28", 100), 1117 ([M + H]", 48), 1041 (40), 578 (8); HRMS [M + HJ" theoretical
CasH5eN4O16Si2S:Fs m/z 1117.2491, found (ES*) m/z 1117.2465.

Compound (13)
1,1’-[[(Propane-1,3-diyl)dioxy]bis(11aS)-7-methoxy-2-(p-methoxyphenyl)-10-((2-
(trimethylsilyl)ethoxy)methyl)-1,10,11,11a-tetrahydro-5H-pyrrolo[2,1-c][1,4]-
benzodiazepin-5,11-dione].

Pd[PPha], (510 mg, 440 umol) was added to a stirred mixture of the bis-enol triflate
12 (12.35 g, 11.1 mmol), 4-methoxyphenylboronic acid (4.35 g, 28.6 mmol), Na,CO;
(3.76 g, 35.5 mmol), EtOH (61 mL), toluene (122 mL) and water (61 mL). The
reaction mixture was allowed to stir under a nitrogen atmosphere for 3 hours after
which time the complete consumption of starting material was observed by TLC
(EtOAc) and LC/MS (4.20 min (ES+) m/z (relative intensity) 1034 ([M + 2H]", 100)).
The reaction mixture was diluted with EtOAc (400 mL) and washed with H,O

(2 x 300 mL), brine (200 mL), dried (MgSO,), filtered and evaporated under reduced
pressure to provide the crude product. Purification by flash chromatography
(gradient elution: 80:20 v/v Hexane/EtOAc to 60:40 v/v Hexane/EtOAc) afforded bis-
C2-aryl compound 13 as a yellowish foam (10.0 g, 87%):

Analytical Data: [a]* = +328° (c = 0.16, CHCl3); 'H NMR (400 MHz, CDCls) 5 7.39
(s, 2H), 7.37 (d, 4H, J = 8.76 Hz), 7.33-7.32 (m, 2H); 7.28 (s, 2H), 6.88 (d, 4H,

J = 8.83 Hz), 5.52 (d, 2H, J = 10.0 Hz), 4.77 (d, 2H, J = 10.0 Hz), 4.61 (dd, 2H,
J=10.6, 3.36 Hz), 4.31-4.26 (m, 4H), 3.96-3.91 (m, 8H), 3.81-3.64 (m, 10H), 3.13
(ddd, 2H, J = 16.1, 10.6, 2.13 Hz), 2.45 (p, 2H, J = 5.83 Hz), 1.04-0.93 (m, 4H), 0.02
(s, 18H): °C NMR (100 MHz, CDCl3) & 168.5, 161.6, 159.3, 151.4, 147.7, 133.6,
126.6, 125.6, 121.7, 120.3, 114.2, 111.8, 107.2, 78.4, 67.2, 65.5, 57.6, 56.3, 55.4,
31.6, 29.0, 18.4, -1.22; IR (ATR, CHCl,) 2943, 1685, 1637, 1604, 1564, 1556, 1532,
1514, 1456, 1431, 1358, 1246, 1202, 1179, 1134, 1100, 1066 cm™’; MS (ES*) m/z
(refative intensity) 1061 ([M + 29]*, 100), 1033 ([M + H]", 55), 957 (50), 768 (10), 445



WO 2010/010347 PCT/GB2009/001819

36

(18); HRMS [M + H]* theoretical CssHesN4O12Si, m/z 1033.4445, found (ES™) m/z
1033.4443.

Scheme 4- Preparation of Compounds 14 and ZC-423

MeO OMe

MeO OMe

MeO OMe

Compound (14)

10  1,1’-[[(Propane-1,3-diyl)dioxy]bis[(11aS)-7-methoxy-2-(p-methoxyphenyl)-1,11a-
dihydro-5H-pyrrolo[2,1-c][1,4]benzodiazepine-5-one]] (SG-2202).
Method A: LiBH,4 (857 mg, 39.34 mmol) was added to a stirred solution of the
SEM-tetralactam 13 (2.71 g, 2.62 mmol) in THF (100 mL) and EtOH (100 mL). The
reaction mixture was allowed to stir under a nitrogen atmosphere for 2 hours after

15  which time the complete conversion of starting material directly to N10/C11-imine
was observed by LC/MS (3.02 min (ES+) m/z (relative intensity) 742 ([M + H]", 100)).
The solvent was removed by evaporation in vacuo and the resulting white solid
treated with H,O (650 mL) and extracted with DCM (3 x 350 mL). The combined
organic layers were washed with H,O (450 mL), brine (450 mL) and evaporated in

20  vacuo to provide the crude SEM-carbinolamine 13b (1.95 g, 72%). A sample of 13b
(502 mg, 0.484 mmol) was immediately dissolved in acetonitrile (20 mL, formic acid
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0.1%) and H,O (20 mL, formic acid 0.1%). The reaction mixture was allowed to stir
at room temperature for 2 hours after which time the formation of a significant
quantity of desired product was observed by TLC (95:5 v/v CHCI3/MeOH). The
reaction mixture was diluted with DCM (100 ml) and the organic layer washed with
saturated NaHCOj3 (50 mL), H,O (50 mL), brine (50 mL), dried (MgSO,), filtered and
evaporated in vacuo to provide the crude product. Purification by flash
chromatography (gradient elution: 100% CHCl; to 98:2 v/iv CHCIls/MeOH) gave the
pure N10/C11-imine 14 (§G-2202), after repeated cycles of CHCI; evaporation, as an
orange foam (208 mg, 58%).

Method B: LiBH, (5 g, 229 mmol) was added portionwise to a stirred solution of the
SEM-tetralactam 13 (12.4 g, 12 mmol) in THF (120 mL) and EtOH (120 mL). An
exotherm accompanied by vigorous foaming was observed and the temperature was
maintained between 15 °C and 25 °C with the aid of a cooling bath (ice/water). The
reaction mixture was allowed to stir for 1 h after which time the complete conversion
of starting material directly was observed by LC/MS {3.02 min (ES+) m/z (relative
intensity) 741 ([M + HI", 100)}. The reaction mixture was carefully diluted with H,O
(500 mL) and extracted with DCM (1 x 500 mL, 1 x 200 mL, 1 x 100 mL). The
combined organic layers were washed with water (1 x 500 mL), brine (1 x 200 mL),
dried over MgSOQ,, filtered and evaporated under reduced pressure at 35 °C to
provide the intermediate SEM-carbinolamine. The white solid (12.4 g) was
immediately dissolved in EtOH (400 mL), DCM (150mL) and H>O (50 mL) and
treated with flash silica gel (300 g). The thick suspension was allowed to stir at room
temperature for 72 h after which time the formation of a significant quantity of desired
product was observed by TLC (95:5 v/v CHCly/MeOH). The reaction mixture was
filtered through a wide porosity 3 sinter funnel and the pad rinsed slowly and
thoroughly with 90:10 v/v CHCIly/MeOH until no further product eluted (checked by
TLC). The filtrate was washed with brine (300 mL), dried (MgSQ,), filtered and
evaporated in vacuo, followed by high vacuum drying, to provide the crude product.
Purification by flash chromatography (gradient elution: 100% HPLC grade CHCl; to
98:2 v/v CHCI/MeOH) gave 14 (SG-2202) as a mixture of carbinolamine ethers and
imine (8.4 g, 94%). In order to obtain an NMR sample, material (100 mg) was
treated with HPLC grade CHCI; (50 mL) and allowed to stand overnight to promote
the formation of the imine form. The solvent was removed by evaporation under
reduced pressure, and the residue was again treated with HPLC grade CHCl; (50
mL) and allowed to strand for 4 h. The process was repeated several times and the

final sample analysed by NMR and optical rotation.



10

15

20

25

30

35

WO 2010/010347

38

Method C: LiBH, (3.52 g, 161.8 mmol) was added in one portion to a stirred solution
of the SEM-tetralactam 13 (8.35 g, 8.1 mmol) in THF (160 mL) and EtOH (160 mL) at
-5 to -10°C (ice/acetone). The cold bath was removed and the reaction mixture was
allowed to reach room temperature. The reaction mixture was allowed to stir for 1 h
after which time the complete conversion of starting material was observed by LC/MS
(2.98 min (ES+) m/z (relative intensity) 741 ((M + H]", 100)). The reaction mixture
was carefully poured onto a mixture of crushed ice (250 mL) and 0.5 M citric acid
solution (250 mL) (vigorous effervescence). The mixture was stirred for 5 min. and
DCM (250 mL) was added. The organic portion was separated and the aqueous
portion was washed with DCM (2 x 250 mL). The combined organic layers were
washed with 0.5 M citric acid solution (3 x 250 mL), saturated sodium hydrogen
carbonate solution (300 mL), water (300 mL), brine (300 mL), dried over MgSO,, and
evaporated in vacuo at 30°C to give crude 14 (8G-2202). Purification by flash column
chromatography (CHCI; then CHCl/MeOH: 99.5%/0.5%, 99%/1%, 98.5%/1.5% and
98%/2%) afforded the product 14 (SG-2202) as a yellow foam (4.52 g, 75%). A
sample of the product (250 mg) in HPLC grade CHCl; (25 mL) was stirred at room
temperature for 18h. and the solvent was evaporated in vacuo. The product was
again dissolved in HPLC grade CHCI; (25 mL) and stirred at room temperature for 2h
then evaporated in vacuo. This process was repeated a further two times to give the
product 14 (SG-2202) in the imine form for NMR. An analytical sample was
recrystallised from EtOAc.

Method D: NaBH, (77 mg, 2.03 mmol) was added to a stirred solution of the SEM-
tetralactam 13 (105 mg, 0.10 mmol) in THF (5 mL) and EtOH (2.5 mL). The reaction
mixture was allowed to stir under a nitrogen atmosphere for 20 h after which time the
complete conversion of starting material directly to N10/C11-imine was observed by
LC/MS (3.02 min (ES+) m/z (relative intensity) 741 ([M + H]*, 100)). The solvent was
removed by evaporation in vacuo and the resulting residue treated with H.O (30 mL)
and extracted with DCM (3 x 15 mL). The combined organic layers were washed
with H,O (10 mL), brine (20 mL) and evaporated in vacuo to provide the intermediate
SEM-carbinolamine. The intermediate may be treated with silica gel as described

above in method B.

Analytical Data (for product of Method B): [«]'%p = +1061° (¢ = 1, CHCly) [lit [a]*%
= +880° (c = 0.22, CHCI3)]; "H NMR (400 MHz, CDCl3) § 7.87 (d, 2H, J = 3.95 Hz),

PCT/GB2009/001819
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7.52 (s, 2H), 7.38 (s, 2H), 7.32 (d, 4H, J = 8.66 Hz), 6.89 (d, 4H, J = 8.74 Hz), 6.87
(s, 2H), 4.40-4.20 (m, 6H), 3.94 (s, 6H), 3.82 (s, 6H), 3.56 (ddd, 2H, J = 16.2, 11.6,
1.86 Hz), 3.40-3.35 (m, 2H), 2.46-2.37 (m, 2H) [lit 'HNMR (400 MHz, CDCl5) 6 7.79
(d, 2H, J = 3.9 Hz), 7.44 (s, 2H), 7.30 (s, 2H), 7.24 (d, 4H, J = 8.7 Hz), 6.81 (d, 4H,
J = 8.7 Hz), 6.79 (s, 2H), 4.30-4.18 (m, 6H), 3.86 (s, 6H), 3.74 (s, 6H), 3.48 (dd, 2H,
J=11.8, 16.2 Hz), 2.85 (d, 2H, J = 16.2 Hz), 2.38-2.32 (m, 2H)].

Compound ZC-423
1,1’-[[(Propane-1,3-diyl)dioxy]bis[(11aS)-11-sulpho-7-methoxy-2-
methoxybenzene-1,10,11,11a-tetrahydro-5H-pyrrolo[2,1-c][1,4]benzodiazepin-5-
one]] sodium salt (SG-2285).

Method A: Sodium bisulphite (538 mg, 5.17 mmol) was added to a stirred
suspension of 14 (1.82 g, 2.46 mmol) in IPA (364 mL) and water (182 mL). The
reaction mixture was allowed to stir vigorously and eventually became clear

(~ 40 minutes). After a total of 45 minutes stirring at room temperature the
precipitate was collected by vacuum filtration, rinsed with water (182 mL) and dried to
provide an orange solid (208 mg). The identity of the precipitate was later confirmed
by LC/MS and 'H NMR as pure unreacted compound (14). Without delay, the filtrate
(728 mL) was immediately frozen (liquid nitrogen bath at -196°C) and lyophilised over
a period of three days to give a pale yellow foam which was suspended in EtOAc
(600 mL) and stirred for 1 hour. The solid was collected in a sinter funnel by vacuum
filtration and washed with EtOAc (3 x 150 mL) to provide the bisulphite adduct
Z2C-423 as an off white solid (1.91 g, 82%).

The product was obtained as a mixture of diastereoisomers as determined by LC/MS
(see Figure 1) (27.5 S,S: 1 S,R; 96.5% S,S: 3.5% S,R). The minor diastereoisomer
could not be distinguished by NMR.

Analytical Data: 'H NMR (400 MHz, ds-DMSO) & 7.43 (s, 2H), 7.39 (d, 4H, J = 8.68
Hz), 7.07 (s, 2H), 6.93 (d, 4H, J = 8.8 Hz), 6.54 (s, 2H), 5.29 (s, 2H), 4.36-4.28 (m,
2H), 4.20-4.12(m, 4H), 3.96 (d, 2H, J = 10.4 Hz), 3.78 (s, 6H), 3.74 (s, 6H), 3.55-3.47
(m, 2H), 3.30-3.18 (m, 2H), 2.27-2.18 (m, 2H).

Method B: A solution of sodium bisulphite (142 mg, 1.36 mmol, 2.0 equiv.) in H,O
(30 mL) was added to a solution of compound (14) (504 mg, 0.68 mmol) in DCM

(30 mL). The reaction mixture was allowed to stir vigorously at room temperature for
25 h. HPLC analysis of the aqueous layer revealed formation of ZC-423 and
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complete absence of the starting material. The reaction mixture was diluted with
DCM (100 mL) and H,O (100 mL). The aqueous layer was separated (without
shaking the separating funnel) and washed with DCM. The resulting solution was
immediately frozen (liquid nitrogen bath) and lyophilised to give a white foam, which
was suspended in EtOAc (100 mL) and stirred for 15 min. The solid was collected by
filtration to provide the bisulphite adduct ZC-423 as an off white solid (400 mg, 62%).

The product was obtained as a mixture of diastereoisomers (S,R:S,S = 9:1), after
freeze-drying. Figure 2 shows the LC/MS trace before freeze-dying (95.8% S,R:
4.2% S,S).

Analytical Data: 'H NMR (400 MHz, de-DMSO) & 7.44-7.30 (m, 7H), 7.08 (s, 1H),
7.00 (d, 1H, J = 5.96 Hz), 6.95-6.90 (m, 4H), 6.54 (s, 2H), 5.28 (s, 1H), 4.46-4.41
(m, 1H), 4.354.29 (m, 1H), 4.15-4.08 (m, 5H), 3.96 (d, 1H, J = 10.3 Hz), 3.78-3.69
(m, 13H), 3.52-3.49 (m, 1H), 3.29-3.17 (m, 2H), 2.24-2.23 (m, 2H); "*C NMR (100
MHz, ds-DMSO) & 163.85, 158.22, 151.29, 143.10, 140.09, 126.77, 126.00, 122.53,
122.15, 115.43, 114.05, 112.73, 106.53, 78.36, 65.07, 56.72, 55.98, 55.10, 35.45,
28.61.
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Claims:

A method of preparing ZC-423:
NaSO,, H H  SO.Na

N o\/\/o N H
~\(\ : :OMe Meojijg’/"‘ =
o 0
zC-423
OMe

the method comprising the step of treating compound (14):

MeO

MeO OMe

with a biphasic solvent mixture comprising sodium bisulphite, wherein the
biphasic solvent mixture comprises an aqueous solution of the bisulphite salt
and an organic solvent that is immiscible with the aqueous solution, and

compound (14) is treated with the bisulphite salt for 12 hours or more.

The method of claim 1, wherein the organic solvent is a solvent that dissolves
compound (14). '

The method of claim 2, wherein the organic solvent is DCM.

The method of any one of the preceding claims, wherein compound (14) is
treated with the bisulphite salt for 24 hours or more.

The method of any one of the preceding claims wherein the product of the

reaction is frozen soon after the reaction is deemed complete.

The method of claim 5, wherein in the product of the reaction is frozen to a

temperature of -100°C or below.

The method of claim 6, wherein in the product of the reaction is frozen to a

temperature of -190°C or below.
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The method of any one of claims 9, 6 or 7 further comprising the step of
freeze-drying the product after the product is frozen.

Compound ZC-423 comprising 70% or more of the S,R-diastereomer.

A method of preparing ZC-423:

NaSO, SO,Na

o\/\/o H
OMe  MeO N
o (0]
ZC-423
OMe

the method comprising the step of treating compound (14)

MeO

MeO OMe

with a solvent mixture comprising sodium bisulphite, wherein the solvent
mixture comprises an aqueous solution of the bisulphite salt and an organic
solvent that is miscible with the aqueous solution.

The method of claim 10, wherein the organic solvent is an alkyl alcohol.
The method of claim 11, wherein the alky! alcohol is propy! alcohol.

The method of claim 11, wherein the propy! alcohol is isopropylalcohol (IPA).

The method of any one of claims 10 to 13, wherein the product of the reaction
is frozen soon after the reaction is deemed complete.

The method of claim 14, wherein in the product of the reaction is frozen to a

temperature of -100°C or below.

The method of claim 15, wherein in the product of the reaction is frozen to a

temperature of -190°C or below.
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17. The method of any one of claims 14, 15 or 16 further comprising the step of
freeze-drying the product after the product is frozen.

18. Compound ZC-423 comprising 70% or more of the S,S-diastereomer.
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