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(57) ABSTRACT 

A compound With formula (I) 

Where R10 is a therapeutically removable nitrogen protecting 
group; R2 and R3 are independently selected from: H, R, OH, 
OR, =0, =CH—R, =CH2, CH2—CO2R, CH2—CO2H, 
CH2—SO2R, O—SO2—R, COZR, COR and CN; R6, R7 and 
R9 are independently selected from H, R, OH, OR, halo, 
amino, nitro, Me3Sn; X is S, O or NH; R11 is either H or R; 
and Where there is optionally a double bond betWeen C1 and 
C2 or C2 and C3; and R8 is selected from H, R, OH, OR, 
halo, amino, nitro, Me3Sn, or R7 and R8 together form a 
group —O—(CH2)p—O—, Where p is 1 or 2. Such com 
pounds may be used in methods of ADEPT, GDEPT, NPEPT 
or PDT. 
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PYRROLOBENZODIAZEPINES 

[0001] The present invention relates to pyrrolobenZodiaZ 
epines (PBDs), and is particularly concerned With the use of 
these compounds as prodrugs for antibody-directed enZyme 
prodrug therapy (ADEPT), gene-directed enZyme-prodrug 
therapy (GDEPT), photodynamic therapy (PDT) and natu 
rally present enZyme-prodrug therapy (NPEPT). 

BACKGROUND OF THE INVENTION 

[0002] PyrrolobenZodiaZepines (PBDs) have the ability to 
recognise and bond to speci?c sequences of DNA; the most 
preferred sequence is PuGPu (Purine-Guanine-Purine). The 
?rst PBD antitumour antibiotic, anthramycin, Was discov 
ered in 1965 (Leimgruber et al., 1965 J. Am. Chem. Soc., 87, 
5793-5795; Leimgruber et al., 1965 J. Am. Chem. Soc., 87, 
5791-5793). 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., 
1994 Chem. Rev. 1994, 433-465). Family members include 
abbeymycin (HochloWski et al., 1987 J. Antibiotics, 40, 
145-148), chicamycin (Konishi et al., 1984 J. Antibiotics, 
37, 200-206), DC-81 (Japanese Patent 58-180 487; Thurston 
et al., 1990, Chem. Brit., 26, 767-772; Bose et al., 1992 
Tetrahedron, 48, 751-758), maZethramycin (Kuminoto et al., 
1980 J. Antibiotics, 33, 665-667), neothramycins A and B 
(Takeuchi et al., 1976 J. Antibiotics, 29, 93-96), porothra 
mycin (TsunakaWa et al., 1988 J. Antibiotics, 41, 1366 
1373), prothracarcin (ShimiZu et al, 1982 J. Antibiotics, 29, 
2492-2503; Langley and Thurston, 1987 J. Org. Chem., 52, 
91-97), sibanomicin (DC-102)(Hara et al., 1988 J. Antibi 
otics, 41, 702-704; Itoh et al., 1988 J. Antibiotics, 41, 
1281-1284), sibiromycin (Leber et al., 1988 J. Am. Chem. 
Soc., 110, 2992-2993) and tomamycin (Arima et al., 1972 J. 
Antibiotics, 25, 437-444). PBDs are of the general structure: 

[0003] 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 electro 
philic centre responsible for alkylating DNA. All of the 
knoWn natural products have an (S)-con?guration at the 
chiral C11a position Which provides them With a 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 ?t at the binding site (Kohn, 1975 In 
Antibiotics III. Springer-Verlag, NeW York, pp. 3-11; Hurley 
and Needham-VanDevanter, 1986 Acc. Chem. Res., 19, 
230-237). Their ability to form an adduct in the minor 
groove enables them to interfere With DNA processing, 
hence their use as antitumour agents. 

[0004] The use of prodrugs represents a very valuable 
clinical concept in cancer therapy. For example, a prodrug 
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may be converted into an antitumour agent under the in?u 
ence of an enZyme that is linked to a monoclonal antibody 
so that it can bind to a tumour associated antigen. The 
combination of such a prodrug With such an enZyme mono 
clonal antibody conjugate represents a very poWerful thera 
peutic strategy. This approach to cancer therapy, often 
referred to as “antibody directed enZyme/prodrug therapy” 
(ADEPT) is disclosed in WO88/07378. 

[0005] A further therapeutic approach termed “virus-di 
rected enZyme prodrug therapy” (VDEPT) has been pro 
posed as a method for treating tumour cells in patients using 
prodrugs. Tumour cells are targeted With a viral vector 
carrying a gene encoding an enZyme capable of activating a 
prodrug The gene may be transcriptionally regulated by 
tissue speci?c promoter or enhancer sequences. The viral 
vector enters tumour cells and expresses the enZyme, 
thereby converting the prodrug into the active drug Within 
the tumour cells (Huber et al., Proc. Natl. Acad. Sci. USA 
(1991) 88, 8039). Alternatively, non-viral methods for the 
delivery of genes have been used Such methods include 
calcium phosphate co-precipitation, microinjection, lipo 
somes, direct DNA uptake, and receptor-mediated DNA 
transfer. These are revieWed in Morgan & French, Annu. 
Rev. Biochem., 1993, 62;191. The term “GDEPT” (gene 
directed enZyme prodrug therapy) is used to include both 
viral and non-viral delivery systems. 

[0006] Photodynamic therapy (PDT) provides another 
method Which uses prodrugs to deliver desired drugs to 
speci?c sites in the human body. Advances in the ?eld of 
light delivery to internal areas of the body alloW delivery to 
organs and other areas Without the need for any extensive 
surgical procedures. The activation process can be extremely 
site speci?c, as the direction of a laser beam can be con 
trolled With great precision, and the beam diameter can be 
reduced far beloW that of a single cell, minimising any 
possible damage to other neighbouring tissue from 
unWanted activation of the drug. The high energy of ultra 
violet light (eg 350 nm equivalent to 340 kJ/mol) is 
suf?cient to break a range of chemical bonds, since the bond 
energy spectrum of the majority of organic molecules lies 
betWeen 250 and 420 kJ/mol. For example, there has been 
Wide application of the photochemical deprotection of 
amino acids, peptides and polysaccharides from their o-ni 
trobenZyl carbamate, CBZ, and 4,5-dimethoxy-2-nitroben 
Zyl carbamate forms at Wavelengths longer than 350 nm. 

[0007] A further class of prodrugs is those Where the 
protecting group is removed by an enZyme naturally present 
at the desired site of action. These enZymes include dopa 
decarboxylase, L-y-glutamyl transpeptidase, and mixed 
function oxidases and reductase (e.g. DT-diaphrase). This is 
method termed “naturally present enZyme-prodrug therapy 
(NPEPT) in this application. One enZyme of particular 
interest is glutathione transferase (GST), Which forms part of 
a major cellular defence mechanism based on the use of the 
tripeptide, glutathione, as a scavenger of toxic electrophiles. 
GST acts as a catalyst in the reaction betWeen glutathione 
and its target electrophiles. A consequence of this defence 
mechanism is the inactivation of electrophilic therapeutic 
agents Many human tumour cells exhibit elevated GST 
levels compared to normal cells and the association of GST 
With resistance to DNA alkylating agents has been demon 
strated by LeWis et al. (Carcinogenesis 1988, 9, 1283-1287), 
KuZmich et al. (Journal of Biochemistry 1992, 281, 219 
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224), and TeW et al. (Glutathione-S-transferase and anti 
cancer drug resistance, in Mechanism ofDrug Resistance in 
Neoplastic Cells; Wooley, P. V., TeW, K D, Eds.; Academic 
Press: Orlando, Fla., 1987; pp141-159). Chemotherapeutic 
agents that take advantage of this intrinsic property of cancer 
cells may prove highly useful in treating refractory cancers. 

[0008] Prodrugs Which make use of this elevated GST 
level have been made (Satyam et al., Med. Chem. 1996, 39, 
1736-1747). They have a glutathione molecule linked via a 
2-sulphonylethyloXycarbonyl linker to a phosphorodiami 
date mustard. An alternative type of prodrug has made use 
of the closely related 2-phenylsulphonylethyloXycarbonyl 
(Psec) group (Nicolaou et al., Science, 1992, 256, 1172 
1178). Such prodrugs shoWed selectivity betWeen healthy 
human bone marroW cells and promeocytic and T cell 
leukemia tumour lines. 

DISCLOSURE OF THE INVENTION 

[0009] A ?rst aspect of the present invention provides a 
compound With the formula I: 

(1) 
R9 

[0010] Wherein: 

[0011] R10 is a therapeutically removable nitrogen 
protecting group; 

[0012] R2 and R3 are independently selected from: H, 
R, OH, OR, =0, =CH—R, =CH2, CH2—CO2R, 
CH2—CO2H, CH2—SO2R, O—SO2—R, COZR, 
COR and CN; 

[0013] R6, R7 and R9 are independently selected from 
H, R, OH, OR, halo, amino, nitro, Me3Sn; or R7 and 
R8 together form a group —O—(CH2)P—O—, 
Where p is 1 or 2; 

[0014] X is S, O or NH; 

[0015] R11 is either H or R; 

[0016] Where R is a loWer alkyl group having 1 to 10 
carbon atoms, or an aralkyl group (i.e. an alkyl group 
With one or more aryl substituents), preferably of up 
to 12 carbon atoms, Whereof the alkyl group option 
ally contains one or more carbon-carbon double or 

triple bonds, Which may form part of a conjugated 
system, or an aryl group, preferably of up to 12 
carbon atoms; and is optionally substituted by one or 
more halo, hydroXy, amino, or nitro groups, and 
optionally contains one or more hetero atoms, Which 
may form part of, or be, a functional group; 

[0017] and Where there is optionally a double bond 
betWeen C1 and C2 or C2 and C3; 
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[0018] and R8 is selected from H, R, OH, OR, halo, 
amino, nitro, Me3Sn, Where R is as de?ned above, or 
the compound is a dimer With each monomer being 
the same or different and being of formula I, Where 
the R8 groups of the monomers form together a 
bridge having the formula -T-R‘-T- linking the mono 
mers, Where R‘ is an alkylene chain containing from 
3 to 12 carbon atoms, Which chain may be inter 
rupted by one or more hetero atoms and/or aromatic 
rings, e.g. benZene or pyridine, and may contain one 
or more carbon-carbon double or triple bonds, and 
each T is independently selected from O, S or N. 

[0019] If R is an aryl group, and contains a hetero atom, 
then R is a heterocyclic group. If R is an alkyl chain, and 
contains a hetero atom, the hetero atom may be located 
anyWhere in the alkyl chain, e.g. —O—C2H5, —CH2—S— 
CH3, or may form part of, or be, a functional group, eg 
carbonyl, hydroXy. 
[0020] R is preferably independently selected from a 
loWer alkyl group having 1 to 10 carbon atoms, or an aralkyl 
group, preferably of up to 12 carbon atoms, or an aryl group, 
preferably of up to 12 carbon atoms, optionally substituted 
by one or more halo, hydroXy, amino, or nitro groups. It is 
more preferred that R groups are independently selected 
from a loWer alkyl group having 1 to 10 carbon atoms 
optionally substituted by one or more halo, hydroXy, amino, 
or nitro groups. It is particularly preferred that R groups are 
unsubstituted straight or branched chain alkyl groups, hav 
ing 1 to 10, preferably 1 to 6, and more preferably 1 to 4, 
carbon atoms, e.g. methyl, ethyl, propyl, butyl. 

[0021] Alternatively, R6, R7, R8, and R9 may preferably be 
independently selected from R groups With the folloWing 
structural characteristics: 

[0022] an optionally substituted phenyl group; 

[0023] (ii) an optionally substituted ethenyl group; 

[0024] (iii) an ethenyl group conjugated to an elec 
tron sink. 

[0025] The term ‘electron sink’ means a moiety covalently 
attached to a compound Which is capable of reducing 
electron density in other parts of the compound. Examples 
of electron sinks include cyano, carbonyl and ester groups. 

[0026] The term ‘therapeutically removable nitrogen pro 
tecting group’ means any group Which can protect the 
10-nitrogen, but Which is removable under therapeutic con 
ditions in vivo, that is, removable under conditions Which 
occur or can be caused to occur in vivo and are medically 
acceptable generally by elimination to produce a N10-C11 
imine group or an equivalent, capable of interacting With 
DNA. The removal of the protecting group should leave the 
rest of the structure of the PBD unaffected. 

[0027] Suitable removal techniques include applying 
light, eg with a Wavelength of 250 to 400, or 550 nm, 
changing the ambient pH, or cleavage by the action of an 
enZyme. One particularly suitable enZyme is nitroreductase, 
although other suitable enZymes include penicillin V/G 
amidase, [3-lactamase, phosphatase, L-y-glutamyl transpep 
tidase, and ot-galactosidase. The action of some of these 
enZymes is described in Jungheim, L. N. and Shepherd, T. 
A., Design of Antitumour Prodrugs: Substrates for Antibody 
Targeted EnZymes,Am. Chem. Soc. Chem. Rev., 1994, 94: 6, 
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1553-1566. Another particularly suitable enzyme is glu 
tathionare transferase, as discussed above. 

[0028] One possible group is R1O of the formula II: 

(II) 

[0029] Wherein n is 0 to 3, Ra) is H or R, and RG0 is one 
or more optional substituents independently selected from 
NO2, OR, or R, Where R is as de?ned in any of the 
de?nitions above; and if tWo substituents R00 are on adja 
cent atoms, they may together be of the formula 
—O—(CH2)m—O—, Where m is 1 or 2. Run is preferably 
N02. 
[0030] If the therapeutically removable group R10 is one 
Which is susceptible to nitroreductase, it may be of the 
formula III: 

(III) 
OZN 

[0031] Wherein n is 0 to 3, Ra) is H or R, and Run) is one 
or more optional substituents independently selected from 
NO2, OR or R, Where R is as de?ned in any of the de?nitions 
above, and if tWo substituents Ran) are on adjacent atoms, 
they may together be of the formula —O—(CH2)m—O—, 
Where m is 1 or 2. 

[0032] Another possible therapeutically removable nitro 
gen protecting group, R10, is of the formula XI: 

(XI) 

[0033] Where R is as de?ned in any of the de?nitions 
above and n is 0 to 3, preferably 0. For this formula, R is 
most preferably a phenyl group, substituted or unsubstituted. 
This protecting group may be removable by the action of 
glutathione transferase (GST), Which is present at high 
levels in many human tumour cells (see above). 

[0034] It is preferred in compounds of formula I that X is 
O and, independently, that R11 is H. 

[0035] If there is a double bond in the C ring, it is 
preferably betWeen C2 and C3. 
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[0036] Additionally, it is preferred that R6 and R9 are H, 
and further preferred that R7 and R8 are independently 
selected from H, OH, and OR. It is further preferred that R2 
and R3 are H. 

[0037] If the compound of formula I is a dimer, the dimer 
bridge may be of the formula —O—(CH2)P—O—, Where p 
is from 1 to 12, preferably 3 to 9. Further, R6 and R9 are 
preferably H, and R7 is preferably independently selected 
from H, OH, and OR. 

[0038] A second aspect of the present invention provides 
a method of preparing a compound of formula I as described 
in the ?rst aspect of the invention Wherein XR11#OH, from 
a corresponding compound Ia Which is a compound of 
formula I in Which XR11=OH. Aproduct in Which XR11 is 
OR may be prepared by direct etheri?cation of compound Ia. 
Aproduct in Which X is S may be prepared by treatment of 
compound Ia With R11SH and a catalyst (generally a LeWis 
acid such as A1203) A product in Which X is NH may be 
prepared by treatment of compound Ia With an amine R1 1NH 
and a catalyst (generally a LeWis acid such as A1203). 

[0039] A third aspect of the present invention provides a 
method of preparing a compound of formula Ia as described 
in the second aspect of the invention, by the oxidation of a 
compound of formula IVa: 

(IVa) 

[0040] Wherein the substituents of the compound of for 
mula IVa are the same as for the compound of formula Ia to 
be prepared. (For preparation of dimeric compounds, the 
monomers linked through C8 by -T-R‘-T- are both of for 
mula IVa. Similar comments apply to other intermediates in 
dimer synthesis.) The preferred oxidation method is SWern 
oxidation. 

[0041] A fourth aspect of the present invention provides a 
method of preparing a compound of formula IVa as 
described in the third aspect of the invention, by reacting a 
compound of formula Va: 

(Va) 
R9 
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[0042] With a compound of formula VI: 

[0043] wherein the substituents of the compounds of for 
mulae Va and VI are the same as for the compound of 
formula IVa to be prepared, and Y is a halogen atom. 

[0044] If the therapeutically removable nitrogen protect 
ing group is to be of formula II, then it is preferred that the 
compound of formula VI is a haloformate of the formula 
VIa: 

(VIa) 

/ / 0Y0 
RU) Y 

[0045] Wherein the substituents are as de?ned for the 
group of formula II, and Y is a halogen atom. 

[0046] If the therapeutically removable nitrogen group is 
to be of formula XI, then it is preferred that the compound 
of formula VI is a haloformate of the formula VIb: 

(VIb) 

i] 
R—S \ n O Y 

O 
O 

[0047] Where Y is a halogen atom, and R and n are as 
de?ned for formula XI. 

[0048] A ?fth aspect of the present invention provides an 
alternative synthesis of a compound of formula IVa as 
described in the third aspect of the invention, by reacting a 
compound of formula VII: 

(VII) 
R9 

R8 NH; 

OH 

R7 

R6 0 

[0049] With a compound of formula VI: 

Y_R1D (VI) 
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[0050] to form a compound of formula VIII: 

(VIII) 
R9 R10 

R8 NH 

OH 

R7 

R6 0 

[0051] and then reacting the compound of formula VIII 
With a compound of formula IXa: 

(IXa) 

[0052] (eg by means of (COCDZ), Wherein the substitu 
ents for compounds of formulae VI, VII, VIII and IXa are 
the same as for the compound of formula IVa to be prepared, 
Where Y is a halogen atom. 

[0053] A siXth aspect of the present invention provides a 
method of preparing a compound of formula Ia as described 
in the second aspect of the invention, by the unmasking of 
a compound of formula IVb: 

(IVb) 
R9 

[0054] Wherein the substituents of the compound of for 
mula IVb are the same as for the compound of formula Ia to 
be prepared, and Q is either S or O and Rav) are indepen 
dently selected from Me or Et or may together form 
—(CH2)q— Where q is 2 or 3. (For preparation of dimeric 
compounds, the monomers linked through C8 by -T-R‘-T 
are both of formula IVb. Similar comments apply to other 
intermediates in dimer synthesis.) The preferred unmasking 
method When Q=S is mercury-mediated unmasking. 
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Unmasking When Q=O is preferably carried out by the use 
of acid conditions, eg TFA, methanol and Water or palla 
dium catalysis. 

[0055] A seventh aspect of the present invention provides 
a method of preparing a compound of formula IVb as 
described in the siXth aspect of the invention, by reacting a 
compound of formula Vb: 

(Vb) 
R9 

R8 

R7 

R6 0 

[0056] With a compound of formula VI: 

Y—R10 (VI) 

[0057] Wherein the substituents of the compounds of for 
mulae Vb and VI are the same as for the compound of 
formula IVb to be prepared, and Y is a halogen atom. 

[0058] If the therapeutically removable nitrogen protect 
ing group is to be of formula II, then it is preferred that the 
compound of formula VI is a haloformate of the formula 
VIa: 

(VIa) 

/ / n 0Y0 
RU) Y 

[0059] Wherein the substituents are as de?ned for the 
group of formula II, and Y is a halogen atom. 

[0060] An eighth aspect of the present invention provides 
an alternative synthesis of a compound of formula IVb as 
described in the second aspect of the invention, by reacting 
a compound of formula VII: 

(VII) 
R9 

R8 NHZ 

OH 

R7 

R6 0 

[0061] With a compound of formula VI: 

Y_R1D (VI) 
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[0062] to form a compound of formula VIII: 

(VIII) 
R9 R10 

R8 NH 

OH 

R7 

R6 0 

[0063] and then reacting the compound of formula VIII 
With a compound of formula IXb: 

(IXb) 
QR(IV) 

QR(IV) 

[0064] (eg by means of (COCl)2), Wherein the substitu 
ents for compounds of formulae VI, VII, VIII and IXb are 
the same as for the compound of formula IVb to be prepared, 
Where Y is a halogen atom. 

[0065] A ninth aspect of the present invention provides a 
method of making a compound of formula X: 

(X) 
R9 

[0066] by cleavage of the therapeutically removable pro 
tecting group R1O of a compound of formula I as described 
in the ?rst aspect of the invention, Wherein the substituent 
groups of the compound of formula X are the same as the 
substituent groups of the compound I used. 

[0067] A tenth aspect of the present invention provides a 
use of a compound of formula I, Wherein the therapeutically 
removable nitrogen protecting group (R1O)is enZyme labile, 
in conjunction With an appropriate enZyme in methods of 
ADEPT or GDEPT therapy. If the enZyme labile group is 
susceptible to nitroreductase, then compounds of formula I, 
may be used in conjunction With nitroreductase enZymes 
(for example, those isolated from E. coli) in methods of 
ADEPT and GDEPT therapy. 

[0068] An eleventh aspect of the present invention pro 
vides a use of a compound of formula I, Wherein the 
therapeutically removable nitrogen protecting group (R10) is 
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photolabile, in conjunction With light of Wavelengths 
between 250 and 400 or 550 nm in methods of PDT. 

[0069] A twelfth aspect of the invention provides a use for 
a compound of formula I, Where the therapeutically remov 
able nitrogen protecting group (Rlo) is labile by conditions 
occurring naturally at speci?c localised sites in the patient in 
therapy. Suitable compounds of formula I may be those 
susceptible to a nitroreductase enZyme When used to treat 

hypoxic tumour cells, or those susceptible to enZymes Which 
are naturally occurring at speci?c localised sites, such as 
glutathione transferase. 

[0070] The drug produced by the cleavage of the thera 
peutically removable nitrogen protecting group, in either the 
tenth or eleventh or tWelfth aspect of the invention, may be 
used for treating cancers or other site-speci?c diseases 
Where a local increase of toxicity is bene?cial to the patient. 
Cancers that may be treated are solid cancers including 

ovarian, colonic cancer, renal, breast and boWel CNS, mela 
noma, as Well as leukemias. Such drugs may also be suitable 
for treating bacterial, viral or parasitic infections by exploit 
ing a unique enZyme produced at the site of the infection 
Which is not natural to the host, or by exploiting an elevation 
in the amount of an enZyme Which does naturally occur in 
the host. 

[0071] A thirteenth aspect of the present invention is a 
pharmaceutical composition comprising a compound of 
formula I as described in the ?rst aspect of the invention. 
Pharmaceutical compositions according to the present 
invention, and for use in accordance With the present inven 
tion, may comprise, in addition to the active ingredient, ie 
a compound of formula I, a pharmaceutically acceptable 
excipient, carrier, buffer, stabiliser or other materials Well 
knoWn to those skilled in the art. Such materials should be 
non-toxic and should not interfere With the efficacy of the 
active ingredient. The precise nature of the carrier or other 
material Will depend on the route of administration, Which 
may be oral, or by injection, e.g. cutaneous, subcutaneous or 
intravenous. 

[0072] Pharmaceutical compositions for oral administra 
tion may be in tablet, capsule, poWder or liquid form. A 
tablet may comprise a solid carrier or an adjuvant. Liquid 
pharmaceutical compositions generally comprise a liquid 
carrier such as Water, petroleum, animal or vegetable oils, 
mineral oil or synthetic oil. Physiological saline solution, 
dextrose or other saccharide solution or glycols such as 

ethylene glycol, propylene glycol or polyethylene glycol 
may be included. Capsules may comprise a solid carrier such 
as gelatin. 

[0073] For intravenous, cutaneous or subcutaneous injec 
tion, or injection at the site of affliction, the active ingredient 
Will be in the form of a parenterally acceptable aqueous 
solution Which is pyrogen-free and has suitable pH, isoto 
nicity and stability. Those of relevant skill in the art are Well 
able to prepare suitable solutions using, for example, iso 
tonic vehicles such as Sodium Chloride Injection, Ringer’s 
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Solution, or Lactated Ringer’s Injection. Preservatives, sta 
bilisers, buffers, antioxidants and/or other additives may be 
included, as required. 

[0074] A fourteenth aspect of the present invention pro 
vides the use of a compound of formula I as described in the 
?rst aspect of the invention, to prepare a medicament for the 
treatment of neoplastic disease or other site-speci?c diseases 
Where a local increase of toxicity is bene?cial to the patient. 
The compound of formula I may be provided together With 
a pharmaceutically acceptable carrier or diluent. The prepa 
ration of a medicament is described in relation to the 
thirteenth aspect of the invention. 

[0075] Aspects of the invention Will noW be further 
described With reference to the accompanying draWings in 
Which: 

[0076] FIG. 1 is a synthesis scheme according to the 
present invention; 

[0077] FIGS. 2a & 2b are a synthesis scheme for dimers 
according to the present invention; 

[0078] FIG. 3 is a synthesis scheme shoWing an alterna 
tive cyclisation, for use in the present invention; 

[0079] FIG. 4 is a graph illustrating the cytotoxicity 
results for prodrug compound 7 (see example 1), both before 
and after activation With nitroreductase/NADH in SW1116 
cells and LS174T cells; 

[0080] FIG. 5 is a graph illustrating the percentage of 
compound 11 (see example 3) cleaved by UVA (365 nm) 
exposure over a 3 hour time course; 

[0081] FIG. 6 is a graph illustrating the in vitro cytotox 
icity (ICSO; pM) of benZyl DC-81 and compound 11, With 
varying irradiation times, against human chronic myeloid 
leukaemia K562 cells in DMF at 1 mM initial drug concen 

tration; 

[0082] FIG. 7 is a graph illustrating the in vitro cytotox 
icity (ICSO; pM) of benZyl DC-81 and compound 11, With 
varying irradiation times, against human chronic myeloid 
leukaemia K562 cells in DMF at 10 mM initial drug 
concentration; 

[0083] FIG. 8 is a graph illustrating the in vitro cytotox 
icity (ICSO; MM) of benZyl DC81 and compound 11, With 
varying irradiation times, against human chronic myeloid 
leukaemia K562 cells in methanol at a 1 mM initial drug 
concentration; 

[0084] FIG. 9 is a graph illustrating the in vitro cytotox 
icity (ICSO; pM) of DSB-120 and compound 32, With vary 
ing irradiation times, against human chronic myeloid leu 
kaemia K562 cells in methanol at a 1 mM initial drug 
concentration. 

PREFERRED SYNTHETIC STRATEGIES 

[0085] A key step in a preferred route to compounds of 
formula I is a cyclisation to produce the B-ring, involving 
generation of an aldehyde (or functional equivalent thereof) 
at What Will be the 11-position, and attack thereon by the 
10-nitrogen: 
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[0086] The “masked aldehyde”, —CPQ, may be an acetal 
or thioacetal (e.g. P=Q=SEt or OMe), Which may be cyclic, 
in Which case the cyclisation involves unmasking. Alterna 
tively, the masked aldehyde may be an aldehyde precursor, 
such as an alcohol, —CHOH, in Which case the reaction 
involves oxidation, eg by means of TPAP or DMSO (SWern 
oxidation). 
[0087] The masked aldehyde compound can be produced 
by condensing a corresponding 2-substituted pyrrolidine 
With a 2-nitrobenZoic acid: 

[0088] The nitro group can then be reduced to —NH2 and 
protected by reaction With a suitable agent, eg a chloro 
formate, Which provides the therapeutically removable 
nitrogen protecting group R1O in the compound of formula I. 

[0089] A process involving the oxidation-cycliZation pro 
cedure is illustrated in FIG. 1 (an alternative type of 
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cyclisation Will be described later With reference to FIG. 3). 
If R11 is other than hydrogen, the compound of formula I, 
may be prepared by direct etheri?cation of the alcohol Ia. If 
X=s, and not O, the alcohol Ia, or the OR derivative, can be 
treated With H25, and a catalyst such as A1203, or by the 
addition of a thiol, e.g. EtSH. If X is NH then treatment of 
the alcohol Ia With the appropriate amine yields the desired 
compound of formula I. 

[0090] Exposure of the alcohol (IVa) (in Which the pro 
10-nitrogen is generally protected as an amide carbamate) to 
tetrapropylammonium perruthenate (TPAP)/N-methylmor 
pholine N-oxide (NMO) over A4 sieves results in oxidation 
accompanied by spontaneous B-ring closure to afford the 
desired product. The TPAP/NMO oxidation procedure is 
found to be particularly convenient for small scale reactions 
While the use of DMSO-based oxidation methods, particu 
larly SWern oxidation, proves superior for larger scale work 
(eg >1 g). 

[0091] The uncycliZed alcohol (IVa) may be prepared by 
the addition of a nitrogen protection reagent of formula VI, 
Which is preferably a chloroformate or acid chloride, to the 
amino alcohol (Va), generally in solution, generally in the 
presence of a base such as pyridine (preferably 2 equiva 
lents) at a moderate temperature (eg at 0° C.). Under these 
conditions little or no O-acylation is usually observed. 

[0092] The key amino alcohol (Va) may be prepared by 
reduction of the corresponding nitro compound (XIa), by 
choosing a method Which Will leave the rest of the molecule 
intact. Treatment of XIa With tin (II) chloride in a suitable 
solvent, e.g. re?uxing methanol, generally affords, after the 
removal of the tin salts, the desired product in high yield. 

[0093] Exposure of XIa to hydraZine/Raney nickel (or 
hydrogentation With a catalyst) avoids the production of tin 
salts and may result in a higher yield of Va, although this 
method is less compatible With the range of possible C and 
A-ring substituents. For instance, if there is C-ring unsat 
uration (either in the ring itself, or at R2 or R3), this 
technique may be unsuitable. 

[0094] The nitro compound of formula XIa may be pre 
pared by coupling the appropriate o-nitrobenZoyl chloride to 
a compound of formula IXa, eg in the presence of KZCO3 
at —25° C. under a N2 atmosphere. The o-nitrobenZoyl 
chloride is synthesised from the o-nitro benZoic acid of 
formula XII—many of these are commercially available, 
and the synthesis of some examples has been reported by 
Althuis (Althuis, T. H. and Hess, H —J, 1977, Synthesis and 
Identi?cation of the Major Metabolites of PraZosin Formed 
in Dog and Rat, Journal of Medicinal Chemistry 20, 1: 
146-266) Compounds of formula IXa can be readily pre 
pared, for example by ole?nation of the ketone derived from 
L-trans-hydroxy proline. The ketone intermediate can also 
be exploited by conversion to the enol tri?ate for use in 
palladium mediated coupling reactions such as the Heck, 
Stille and SuZuki reactions. 

[0095] Dimer Synthesis (FIG. 2) 
[0096] PBD dimers may be synthesiZed using the strategy 
developed for the synthesis of the protected PBD monomers 
(FIG. 2a). FIG. 2 also shoWs a synthesis route Where the 
dimer linkage is of the formula —O—(CH2)n—O—. The 
step of dimer formation is normally carried out to form a 

bis(nitro acid) XII‘ (FIG. 2b). 
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[0097] The bis(nitro acid) XII‘ may be obtained by nitrat 
ing (eg using 70% nitric acid) the bis(carboXylic acid). This 
can be synthesised by alkylation of tWo equivalents of the 
relevant benZoic acid With the appropriate diiodoalkane 
under basic conditions (Route 2a). Many benZoic acids are 
commercially available and others can be synthesised by 
conventional methods. 

[0098] An alternative synthesis of the bis(nitro acid) 
involves oxidation of the bis(nitro aldehyde), eg with 
potassium permanganate. This can be obtained in turn by 
direct nitration of the bis(aldehyde), eg with 70% HNO3. 
Finally, the bis(aldehyde) can be obtained via Mitsunobu 
etheri?cation of tWo equivalents of the benZoic aldehyde 
With the appropriate alkanediol (Route 2b). 

[0099] Alternative Cyclisation (FIG. 3) 

[0100] In FIGS. 1 and 2, the ?nal or penultimate step is 
an oXidative cyclisation. An alternative, using thioacetal 
coupling unmasking, is shoWn in FIG. 3 (Which shoWs it 
applied to a dimer, With a dimer linkage of formula 
—O—(CH2)n—O—). Mercury-mediated unmasking causes 
cyclisation to the desired compound (Ia‘). 

[0101] The thioacetal compound may be prepared as 
shoWn in FIG. 3: the thioacetal protected C-ring [prepared 
via a literature method: Langley, D. R. & Thurston, D. E.,J. 
Organic Chemistry, 52, 91-97 (1987)] is coupled to the 
bis(nitro carboXylic acid) core using a literature procedure. 
The resulting nitro compound cannot be reduced by hydro 
genation, because of the presence of the thioacetal group, so 
the tin(II) chloride method is used to afford the bis(amine). 
This is then N-protected, e.g., by reaction With a chlorofor 
mate or acid chloride, such as p-nitrobenZylchloroformate. 

[0102] An alternative to thioacetal coupling is the use of 
acetal coupling. The method is the same as that illustrated in 
FIG. 3, but With the thioacetal group replaced by an acetal 
group (eg —CH(OMe)2). Acid or palladium-mediated 
unmasking is the preferred method of unmasking to cause 
cyclisation to the desired compound of formula Ia or Pa. 

[0103] GDEPT 

[0104] Vector Systems 

[0105] In general, the vector for use in GDEPT therapies 
may be any suitable DNA or RNA vectors. 

[0106] Suitable non-viral vectors include cationic lipo 
somes and polymers. Suitable viral vectors include those 
Which are based upon a retrovirus. Such vectors are Widely 
available in the art. Huber et al. (ibid) report the use of 
amphotropic retroviruses for the transformation of 
hepatoma, breast, colon or skin cells. Culver et al. (Science 
(1992) 256; 1550-1552) also describe the use of retroviral 
vectors in GDEPT. Such vectors or vectors derived from 
them may also be used. Other retroviruses may also be used 
to make vectors suitable for use in the present invention. 
Such retroviruses include Rous sarcoma virus (RSV). 

[0107] Englehardt et al. (Nature Genetics (1993) 4; 27-34) 
describe the use of adenovirus-based vectors in the delivery 
of the cystic ?brosis transmembrane conductance product 
(CFTR) into cells, and such adenovirus-based vectors may 
also be used. Vectors utilising adenovirus promoter and 
other control sequences may be of use in delivering a system 
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according to the invention to cells in the lung, and hence 
useful in treating lung tumours. 

[0108] Other vector systems including vectors based on 
the Molony murine leukaemia virus are knoWn (Ram, Z et 
al., Cancer Research (1993) 53; 83-88; Dalton & Treisman, 
Cell (1992) 68; 597-612). These vectors contain the Murine 
Leukaemia virus (MLV) enhancer cloned upstream at a 
[3-globin minimal promoter. The [3-globin 5‘ untranslated 
region up to the initiation codon AT G is supplied to direct 
ef?cient translation of the enZyme. 

[0109] Suitable promoters Which may be used in vectors 
described above, include MLV, CMV, RSV and adenovirus 
promoters. Preferred adenovirus promoters are the adenovi 
rus early gene promoters. Strong mammalian promoters may 
also be suitable. An eXample of such a promoter is the EF-lot 
promoter Which may be obtained by reference to MiZushima 
and Nagata ((1990), Nucl. Acids Res. 18; 5322). Variants of 
such promoters retaining substantially similar transcrip 
tional activities may also be used. 

[0110] Other suitable promoters include tissue speci?c 
promoters, and promoters activated by small molecules, 
hypoXia or X-rays. 

[0111] If nitroreductase is the enZyme of choice for the 
activation of compounds of formula I, then preferably the 
enZyme is a non-mammalian nitroreductase such as a bac 
terial nitroreductase. An E. coli nitroreductase as disclosed 
in WO93/08288 is particularly preferred. The enZyme may 
be modi?ed by standard recombinant DNA techniques, eg 
by cloning the enZyme, determining its gene sequence and 
altering the gene sequence by methods such as truncation, 
substitution, deletion or insertion of sequences for eXample 
by site-directed mutagenesis. Reference may be made to 
“Molecular Cloning” by Sambrook et al. (1989, Cold Spring 
Harbor) for discussion of standard recombinant DNA tech 
niques. The modi?cation made may be any Which still leaves 
the enZyme With the ability to reduce the nitro group in 
suitable compounds of formula I, but alters other properties 
of the enZyme, for eXample its rate of reaction or selectivity. 

[0112] In addition, small truncations in the N- and/or 
C-terminal sequence may occur as a result of the manipu 
lations required to produce a vector in Which a nucleic acid 
sequence encoding the enZyme is linked to the various other 
vector sequences. 

[0113] For information on the use of penicillin V/G ami 
dase, and [3-lactamase in GDEPT, see Jungheim, L. N. and 
Shepherd, T. A, Design of Antitumour Prodrugs: Substrates 
for Antibody Targeted EnZymes, Am. Chem. Soc. Chem. 
Rev., 1994, Vol 94, No. 6, 1553-1566. 

[0114] ADEPT 

[0115] For applications in ADEPT systems, an antibody 
directed against a tumour speci?c marker is linked to the 
relevant enZyme, Which may be modi?ed as described above 
The antibody may be monoclonal or polyclonal. For the 
purposes of the present invention, the term “antibody”, 
unless speci?ed to the contrary, includes fragments of Whole 
antibodies Which retain their binding activity for a tumour 
target antigen. Such fragments include Fv, F(ab‘) and F(ab‘)2 
fragments, as Well as single chain antibodies. Furthermore, 
the antibodies and fragments thereof may be humanised 
antibodies, eg as described in EP-A-239400. 
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[0116] The antibodies may be produced by conventional 
hybridoma techniques or, in the case of modi?ed antibodies 
or fragments, by recombinant DNA technology, eg by the 
expression in a suitable host vector of a DNA construct 
encoding the modi?ed antibody or fragment operably linked 
to a promoter. Suitable host cells include bacterial (eg. E. 
coli), yeast, insect and mammalian cells. When the antibody 
is produced by such recombinant techniques the enZyme 
may be produced by linking a nucleic acid sequence encod 
ing the enZyme (optionally modi?ed as described above) to 
the 3‘ or 5‘ end of the sequence of the construct encoding the 
antibody or fragment thereof. 

[0117] PDT 

[0118] The activation process in PDT can be highly site 
speci?c. The direction of a laser beam can be controlled With 
great precision, and the beam diameter can be reduced to a 
Width far beloW that of a single cell. Therefore, it can act 
upon a very limited area, minimising damage to neighbour 
ing tissue. 

[0119] Ultra-violet light is suf?cient to break a range of 
chemical bonds since the energy spectrum for bond break 
age for the majority of organic molecules lies betWeen 250 
and 420 kJ/mol, and, for example, 350 nm is equivalent to 
340 kJ/mol. For example, a broad range of light-mediated 
deprotection reactions have been demonstrated including the 
photochemical deprotection of amino acids, peptides and 
polysaccharides from their CBZ and o-nitrobenZyl and 4,5 
dimethoxy-2-nitrobenZyl carbamate forms at Wavelengths 
longer than 350 nm, (Pillai, R. V. N., Photoremovable 
protecting groups in organic chemistry, Synthesis (1980), 
1-26), (Bayley, H., Gasparro, F. and Edelson, R., Photoac 
tivatible drugs, TIPS (1987) 8, 138-143, (Star, W. M., Light 
delivery and light dosimetry for photodynamic therapy, 
Laser in Medical Science (1990) 5, 107-113. On the other 
hand, highly reactive and thus cytotoxic species can also 
result from relatively loW energy activations. For example, 
a reactive excited state of molecular oxygen, the singlet 
state, differs in only 90 kJ/mol from its ground triplet state. 
HoWever, this enables suf?cient concentrations of the toxic 
species to be formed by those sensitisers Which absorb at 
Wavelengths longer than 600 nm, (Carruth, J. A. S., Clinical 
applications for photodynamic therapy, J Photochem Pho 
t0bi0l (1991) 9, 396-397). 

[0120] The main limitation of this approach arises from 
the physics of light itself and its interaction With human 
tissue. The ability of light to penetrate tissue has been found 
to be Wavelength-dependent. Penetrating ability increases 
With increasing Wavelength but limitations arise due to light 
scattering and re?ection. In biological tissues the scattering 
coef?cient, for example of red light, is much greater than the 
absorption coef?cient, (Carruth, J. A. S., Clinical applica 
tions for photodynamic therapy, J Photochem Photobiol 
(1991) 9, 396-397), (Kennedy, J. C. And Pottier, R. H, 
Endogenous protoporphyrin IX, a clinical useful photosen 
sitiser for photodynamic therapy, J Photochem Photobiol 
(1992) 14, 275-292). As a result, photons entering the tissue 
are scattered several times before they are either absorbed or 
diffused. Although this might be expected to increase the 
energy delivered to certain areas, internal re?ection results 
in an exponential decrease of energy ?ux With increasing 
distance from the tissue-air interface. These limitations have 
been partially overcome in the treatment of relatively bulky 
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tumours or When deeper penetration is necessary by the use 
of multiple interstitial optical ?bres. 

[0121] Several tumour types have been identi?ed as poten 
tial targets for PDT. They include head and neck tumours, 
carcinomas of the bronchus, malignant brain tumours, super 
?cial tumours of the bladder and vascular disease, Which 
have all shoWn promising responses in the clinic, (Regula, 
J ., Mac Roberts, A. J, Gorchein, A., Buonaccorsi, Thorpe, S. 
M., Spencer, G. M., Hart?eld, A. R. W. and BoWn, S. G., 
Photosensitisation and photodynamic therapy of oesoph 
ageal, duodenal and colorectal tumours using 5-aminolea 
vulic acid induced protoporphyrin IX-a pilot study, Gut 
(1995) 36, 67-75). 
[0122] The technique of PDT as discussed above can be 
used in combination With appropriate compounds of formula 
I When the therapeutically removable nitrogen protecting 
group is photolabile. The preferred Wavelength of UV light 
used is 250 to 400 or 550 nm. 

[0123] Applications of the Invention 

[0124] Compounds of the invention can be used in vitro or 
in vivo for a range of applications. For example, a number 
of vector systems for tie expression of nitroreductase in a 
cell have been developed. The further development of such 
systems (eg the development of promoters suitable for 
speci?c cell types) requires suitable candidate prodrugs 
capable of killing cells When activated by nitroreductase. 
Prodrug compounds of formula I susceptible to nitroreduc 
tase may be used in such model systems. 

[0125] The model systems may be in vitro model systems 
or in vivo xenograft model systems comprising for example 
human tumour cells implanted in nude mice. Compounds of 
formula I susceptible to different enZymes may be used in 
similar systems Which have been appropriately modi?ed. 

[0126] Compounds of formula I Which are not activatable 
by an enZyme may be tested in vitro With other suitable 
forms of activation against panels of different tumour cell 
types to determine ef?cacy against such tumour cells The 
ef?cacy of compounds of the invention against a range of 
tumour cell types may be used as points of reference for the 
development of further antitumour compounds. Compounds 
of formula I may also be tested in combination With addi 
tional anti-cancer compounds to determine potential com 
bination drug systems, for example combinations Which are 
synergistic. 

[0127] Compounds of formula I may also be used in a 
method of treatment of the human or animal body. Such 
treatment includes a method of treating the groWth of 
neoplastic cells in a patient With neoplastic disease Which 
comprises administering to a patient in need of treatment 
compounds of formula I as part of an ADEPT, GDEPT or 
PDT system or treatment With compounds of formula I 
alone, Where neoplastic diseases include leukaemia and 
solid tumours such as ovarian, colonic, lung, renal, breast, 
boWel, CNS and melanomas. The treatment can also be the 
treatment of other site-speci?c diseases Where local increase 
in toxicity is bene?cial to the patient. 

[0128] It Will be understood that Where treatment of 
tumours is concerned, treatment includes any measure taken 
by the physician to alleviate the effect of the tumour on a 
patient. Thus, although complete remission of the tumour is 
















































