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ACYCLONUCLEOSIDES OF 2-NITROIMIDAZOLE AND USES AS

DIAGNOSTIC AND THERAPEUTIC AGENTS

The subject invention relates to acyclonucleosides of biologically

active materials, and more particularly to the preparatiot,, composition,

5 and uses of acyclonucleosides of 2-nitroimidazole, also kqown by the name

azomycin, and was developed pursuant to a contract with the United States

Department of Energy, contract no. DE-AC05-840R21400.

BACKGROUNDOF THE INVENTION

Nucleosides are building blocks for DNA and RNA in all reproducing

10 systems, including cancer and viral cell systems. Modified nucleosides,

similar to natural ones, have been prepared as chemotherapeutic agents for

tumors and viruses. The modified nucleosides, like natural nucleoside

congeners, can be substituted for the natural nucleosides during the

synthesis of nucleic acids. The modified nucleosides, being incapable of

15 performing functions of natural nucleosides, can disrupt the biological

process essential for cell viability and show toxicity to tumor or viral
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cells. At the same time, damage to healthy cells could be minimized since

the incorporation of these toxic substances into the healthy cell is

restricted by the high specificity of the cell.

2-Nitroimidazole, 2-nitroimidazole-l-riboside and 1-(2-nitroimidazole-

5 1-yl)-3-methoxypropane-2-ol (misonidazole) have been reported in the

literature. These agents have demonstrated the ability to radiosensitize

hypoxic cells, to be cytotoxic to hypoxic cells and to preferentially bind

to hypoxic cells. Since hypoxic cells are mainly present in solid tumors

due to insufficient blood supply, these agents that bind preferentially to

10 hypoxic cells can be used for evaluation and therapy of hypoxir, tumors.

Of these agents, misonidazole has been most widely studied as a

,-adiosensitizer and its radiolabeled analogues have been prepared as

potential hypoxic tumor cell markers. However, the use of misonidazole in

therapy is seriously limited due to its neurotoxicity at clinically

15 effective dose levels. Therefore, there is a continuing need for the

development of 2-nitroimidazole analogues that can be used for diagnosis

and therapy of hypoxic tumors.

SUMMARYOF THE INVENTION

In view of the above needs, it is an ob.iect of this invention to

20 provide modified nitroimidazoles that concentrate in tumors.

lt is another object of this invention to provide compounds and

processes for radioimaging of tumor regions.

lt is also an object of this invention to provide compounds and

processes for therapeutic treatment of tumors.
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lt is also an object of this invention to provide compounds and

processes for chemotherapy.

Additional objects, advantages and novel features of the invention will

be set forth in part in the description which fol 1ows, and i n part wi I 1

5 become apparent to those skilled in the art upon examination of the

following or may be learned by practice of the invention. The objects and

advantages of the invention may be realized and attained by means of the

instrumentalities and combinations particularly pointed out in the

appended claims.

10 To achieve the foregoing and other objects and in accordance with the

purpose of the present invention, as embodied and broadly described

herein, the composition of this invention may comprise a biomedically

active composition comprising an acyclonucleoside having a nitroimidazole

base.

15 A preferred embodiment is an acyclo derivative of 2-nitroimidazole

represented by the general formula"

(N_ 'NO2

I/°-\I'
20 (CH2)n (CH2)m

where n = 1 to 3, where m = 1 to 3, and where R is a radical sel _+e_ed from

the group consisting of a phosphate group with natural or isotopic

phosphorous; CH2X, CH2X-CHY, CHX=CY, and C__CXwith natural or isotopic

carbon; where X = a constituent selected from the group consisting of
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either natural or isotopic H, OH, an alkyl group or an alkoxy group having

either natural or isotopic carbon, natural or isotopic F, natural or

isotopic Cl, natural or isotopic Br, natural or isotopic I, and natural or

isotopic At; and where Y = a constituent selected from the group

5 consisting of either natural or isotopic H, OH, an alkyl group or an

alkoxy group having either, natural or isotopic carbon, natural or isotopic

F, natural or isotopic Cl, natural or isotopic Br, natural or isotopic I,

and natural or isotopic At.

The above nucleoside consists of two primary parts, the base and the

10 acyclo chain. The base consists of the following structure:

N

y NO,
N
I

Other nitroimidazoles can be substituted for the base, for instance a

15 nitroimidazole to which a radioisotope (R) is attached directly or through

an alkyl, alkenyl or aryl functional group as in the following structure:

S" NO,
2O N

I
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The acyclo chain has an ether linkage and consists of the structure-

R O_
(CH2)n (CH2)m

For the preferred acyclonucleoside structure, n = m = 1 and R = CH2OH.

5 Also claimed are precursors to the above identified compounds having

the structures"

/N
1%

I0 (CH2). (CH2)m

where Bz is COC6H5 or an acyl group and

__N02

15 (CH2)n (CH2)m

and

N

20 (CH2)n (CH2)m
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and

N

HC=-C _0 N

5 (CH2)n (CH2)m

In addition to being useful as precursors these compounds may also be

chemotherapeutically active.

In addition the invention is a process for imaging tumors comprising

mixing the above-described compositions having radioactive isotopes and a

10 suitable administering agent in suitable proportions and injecting the

mixture into a mammal, allowing the mixture to reach the location to be

imaged and imaging the location.

Also, the invention is a process for tF r'apyof tumors comprising

mixing the radiolabeled form of the compounds described above and a

15 suitable administer ing agent in suitable proportions and injecting said

mixture into a mammal, allowing said mixture to reach a location to be

treated.

The invention is also a process for chemotherapeutic treatment

comprising mixing the above-described compositions and a suitable

20 administering agent in suitable proportions and injecting the mixture into

a mammal to be subjected to chemotherapy.

The invention is also a process for radiosensitizing tumor cells

comprising mixing the above-described compositions and a suitable

administering agent in suitable proportions and injecting the mixture into
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a mammal, allowing the mixture to reach the location to be subjected to

radiosensiti zed.

The choice of administering agents and proportions is made based on the

particular use to which the compounds will be put and can be easily

5 determined by a person of ordinary skill in the art.

The nitroimidazole acyclpnucleosides are natural ribonucleoside

analogues, structurally similar to misonidazole. They may provide

selectivity and transport to the tumor by a nucleoside mechanism and offer

the opportunity for radiolabeling the molecule with various radioisotopes

10 used for diagnosis and therapy without disturbing the nitroimidazole part

needed for hypoxic cell binding.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic of the process for preparing azomycin

acyclonucleoside.

15 Fig. 2 is a schematic of the process for preparing azomycin

acycl onucl eoside.

Fig. 3 illustrates the results of a tissue distribution study of the

compound deoxy-[iodine-125]iodoazomycin acyclonucleoside in nude mice

implanted with human colon cancer xenografts.

20 DETAILED DESCRIPTION OF THE PREFERREDEMBODIMENT

Most solid tumors contain hypoxic cells, cells that are oxygen

deficient due to insufficient blood supply. When treated with radiation

therapy these hypoxic cells do not respond; therefore, to overcome this

resistance, compounds that bind selectively to hypoxic tumor cells and
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behave as radiosensitizing agents are introduced. The concept of this

invention is to find compounds that are similar to these radiosensitizers

in structure and will bind selectively to hypoxic cells and either modify

the compounds to make them toxic to the hypoxic cells or label them to

5 make them useful as imaging or therapeutic agents. An added advantage

should be that in the unlabeled form they are potential radiosensitizers

and chemotherapeutic agents.

Nitroimidazole and its N-substituted derivatives selectively bind to

hypoxic cells because the nitro group is capable of substituting for

10 molecular oxygen, of which the hypoxic cells are deficient. These

compounds, by selective nucleoside transport and selective hypoxic cell

binding, may selectively concentrate in tumors which then can be located

by imaging methods.

The compounds could also be used to deliver therapeutic doses of

15 radioisotopes such as iodine-125 and iodine-131 to the to the tumor for

treatment. Since the agents will also sensitize the hypoxic tumor cells

to emitted radiation internally, the therapeutic response should be

greatly improved. In addition, since azomycin analogues show

cytotoxicity, the corresponding acyclonucleoside analogues could be

20 developed as potential chemotherapeutic agents.

The preferred iodolabeled compositions, 1-[(2-deoxy-2-

iodoethoxy)methyl]-2-nitroimidazole, and 1-[1-iodo (or chloro) -2-chloro

(or iodo) propenyloxy-methyl)]-2-nitroimidazole, the acyclonucleoside

analogues of azomycin have been prepared. A nucleoside transport system

25 of relatively low substrate specificity in the cancer cell could

preferentially transport acyclonucleosides in the tumor for additional
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selectivity. In the tumor, the acyclonucleosides could be trapped by

enzymatic phosphorylation (when CH2X = CH2OH) or by nitroimidazole-hypoxic

cell covalent bonding.

The following examples teach how to make the halogenated compounds of
,I,

5 the claimed invention° To make other claimed embodiments, simple

substitutions, known to per.sons of ordinary skill in the art, can be made.

For instance, compounds R = CH20H can be halogenated to provide R = CHx

(X=halogen). The halogen can be exchanged for another naturlal or

isotopic halogen. Also, a halogen in the product acyclonucleosides can be

10 substituted by a hydrogen or a tritium by standard reduction procedures.

Also the terminal alkyl (C-C) and alkenyl (C=C) or alkenyl and alkynyl

(C:_C)acyclonucleosides could be interconverted by hydrogen halide

elimination or halogen addition, respectively. The compounds with R =

CH2X where X = a mono-, di-, or a triphosphate group, can be prepared via

15 chemical or enzymatic phosphorylation of the acyclonucleoside (R = CH2X;

X=OH). The natural or isotopic halogen compounds of general formula, R =

CHX=CY, can be prepared by the halogen treatment of metal lated alkenes

prepared from R = HC-C intermediates. Various aluminum, boron, mercury,

thallium, and tin reagents have been described in the literature for

20 effecting such metallations. The compounds where R = H2C=CH could be

prepared by the procedure described for the compounds where R = HC:_C.

Azomycin acyclonucleosides were prepared as illustrated in Fig. I and

2. The following examples explain successively the synthesis route. The

precursor, 2-nitroimidazole is commercially available.

25 The composition and process described in the following examples are

intended to be illustrative and not in any way a limitation on the scope
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of the invention. Persons of ordinary skill in the art should be able to

envision variations on the general principle of this invention that fall

within the scope of the generic claims the follow.

EXAMPLE I

5 Intermediate 2 , shown .in Fig. 1 and 2, was prepared by refluxing a

suspension of 2-nitroimidazole 1 (1.09 g, 8.8 mmol) and ammonium sulphate

(100 rag) in anhydrous hexamethyldisilazane(HMDS) (40 mL) for 8 h to obtain

a clear solution. The solvent was evaporated under reduced pressure, the

residue was dissolved in anhydrous dimethylformamide (DMF) (20 mL) and

10 triethylamine (3.0 mL) was added, resdlting in a reaction mixture

containing 2. Compounds 3 and 4 were prepared following well known

literature procedures.

1-[(2-Benzoyloxyethoxy)methyl]-2-Nitroimidazole, 5 in Fig. 1 was

prepared from 2 and 4. The reaction mixture containing 2 as prepared

15 above was stirred and a solution of 2-benzoyloxyethoxymethylene chloride

(obtained by passing HCI gas in a solution of 2-benzoyloxy-

1-hydroxyethane, 3.5 g and paraformaldehyde, 1.0 g in methylene chloride)

in DMF (IG mL) was added. The stirring was continued for 18 h at room

temperature under argon. The solvent was evaporated under reduced

20 pressure and co-evaporated with H20. The residue was dissolved in CHCI3

and washed with H20. The organic phase was dried (Na2S04) and the solvent

removed to yield the crude product which was passed through a column

packed with silica gel slurry in hexane. The column was eluted with 50%

hexane in methylene chloride followed by mezhylene chloride. The

25 fractions containing pure product were combined and evaporated to yielo 5
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(1.7 g, 74%). Crystallization in a mixture of benzene and ether provided

purified 5 as pale yellow needles' MP 68-69°C; Rf (2% MeOH in CHCI3) 0.3;

MS, m/z 292 (M+H) + I; H NMR (CDC13), 6 8.2-7.9 (m, 2H, Ar-H), 7.65-7.35 (m,

4H, Ar-H, H-5), 7.15 (s, IH, H-4), 5.88 (s, 2H, H-I'), 4.5-4.3 (m, 2H, H-

5 4'), 4.05-3.8 (m, 2H, H-3'). Analysis calculated for C13H13N305 • C,

53.58; H, 4.46; N, 14.43; Found, C, 53.77; H, 4.56, N, 14.38.

1-[(2-Hydroxyethoxy)methyl]-2-nitroimidazole, 6 in Fig. 1 and 2, was

prepared from 5 as follows. A solution of 5, 1-[(2-

benzoyloxyethoxy)methyl]-2-nitroimidazole, (500 mg, 1.7 mmol) was reacted

10 with methanol saturated with ammonia (40 mL) at room temperature for 2 d.

The solvent was evaporated under reduced pressure and the residue was

purified by silica gel column chromatography (chloroform'ethyl acetate

1"I). The crude product after crystallization with chloroform-petroleum

ether provided purified 6 (230 mg, 72%)" MP 65-66°C; 0.66; MS" m/z 183

15 (M+H) +. lH NMR (CDC13) & 7.4 (s IH H-5) 7 15 (s lH H-4) 5.8 (s 2H

H-I'), 3.7 (s, 4H, H-3' and H-4'). Analysis calculated for C6H9N304" C,

38.5; H, 4.81; N, 22.46. Found" C, 38.47; H, 4.85; N, 22.43.

Still referring to Fig.l, 1-[(2-deoxy-2-iodoethoxy)methyl]-2-

nitroimidazole (also known as 2-Nitro-1-[(4-deoxy-4-

20 iodoethoxy)methyl]imidazole or deoxy-iodoazomycin acyclonucleoside), 7 in

the figures, was prepared from 6. Methyl triphenoxyphosphonium iodide

(Rydon reagent, 242 mg, 0.54 mmol) was added to a solution of 6 (50 mg,

0.27 mmol) in methylene chloride (1.0 mL) and kept under argon atmosphere.

The mixture was stirred in a dark at room temperature for !8 h. The

25 solvent was evaporated and the orange residue was passed through a column

packed with silica gel slurry in benzene. The column was eluted with
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benzene followed by 20% CHCI3 in benzene. The crude product obtained was

further purified by preparative thin-layer chromatography (TLC) (35% ethyl

acetate in chleroform). The major band was scraped and eluted with CHCI3"

Evaporation of the solvent produced 7 (34 mL, 43%) as an oil" lH NMR

5 (CDC13) , E 7.47 (s, lH, H-5), 7.35 (s, IH, H-4), 5.95 (s, 2H, H-I'), 4.09-

3.80 (t, J : 6.0 Hz, 2H, H-3'), 3.40-3.15 (t, J = 6.0 Hz, 2H, H-4').

The corresponding radiolabeled congener, or agent, deoxy-[iodine-

125]iodoazomycin acyclonucleoside 8 was prepared by exchange labeling of 7

with iodi ne-125.

10 Referring now to Fig. 2, propargyloxymethylene Chloride (3-

Chloromethoxypropyne-1) 10 was prepared by saturating a mixture of

propargyl alcohol 9 (11.2 g, 0.2 mole), and paraformaldehyde (6.0 g) with

anhydrous HCI gas at -20 to-25°C. The reaction mixture, on vacuum

distillation, provided pure propargyloxymethylene chloride as an oil"

15 yield (12.4 g, 60%); IH NMR (CDC13) , _ 5.55 (s, 2H, H-5), 4.32 (d, JI,3 =

2.0 Hz, 2H, H-3), 2.5 (t, J1,3 = 0.5 Hz, IH, H-l).

1-Prooargyloxymethyl-2-nitroimidazole 11 was prepared by alkylation of

2 (prepared from 2.0 g nitroimidazole) with propargyloxymethylene chloride

(2.75 g) in the presence of anhydrous triethylamine (?:67 g) in

20 dichloroethane (30 mL) in an inert atmosphere. The mixture was stirred at

room temperature for 15 h, followed by solvent evaporation under vacuum.

Extraction of the residue with chloroform followed by purification using

silica gel column chromatography provided the desired product,

1-propargyloxymethyl-2-nitroimidazole as an oil" yield (2.2 g, 76%); IH

25 NMR (CDC13) 6 7.4 (s, lH, H-5), 7.3 (s, lH, H-4), 6.0 (s, 2H, H-I'), 4.3

(m, J = 1.5 Hz, 2H, H-3;), 2.5 (t, J = 2.0 Hz, H-5).
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1-[1-1odo-2-chloropropenyloxymethyl]-2-nitroimidazole and 1-[1-chloro-

2-iodo propenyloxymethyl]-2-nitroimidazole both represented by 12 were

prepared by dissolving 11 (600 mg, 3.3 mmol) in anhydrous tetrahydrofuran

(2.5 ml) and a solution of iodine monochloride (ICl) (534 mg, 3.3 mmol) in

5 tetrahydrofuran (1.0 mL) was added under argon. The mixture was heated at

65°C in dark for 6 h. The solvent was evaporated under vacuum and the

residue dissolved in aqueous solution. The solution was treated with

saturated solution of sodium thiosulphate and washed with water. The

organic phase after separation and purification provided pure 12 as an

10 oil" 438 mg (38%). NMR (DCCI3) _ 7.5 and 7.3 (s, 2H, H-4 and H-5), 6.8

(s, lH, vinyl H), 5.9 (d, 2H, J:2.0 Hz, H-I'), 4.35 (t, 2H, J-3.8, Hz, H-

3'). Analysis calculated for (C7H7N31CI03)" C, 24.45, H, 2.04, N, 12.23.

Found: C, 24.44; H, 2.17; N, 11.88.

The iodine-125 labeled 12 was prepared as above except that [1251]ICI,

15 prepared from Na[125!]! and N-chlorosuccinimide, was substituted for ICI.

EXAMPLE I I

The iodine-125-1abeled 8 prepared in Example I showed significant tumor

uptake (1-1.3% injected dose/gm; 1-2 h) in Balb-C mice bearing Line-1

20 carcinoma. Line-1 is a fast growing, spontaneous lung carcinoma with

potential development of necrotic and hypoxic regions in the tumor and the

tumor uptake of [1251]-12 may indicate binding with hypoxic cells. Fig. 4

illustrates the results of a tissue distribution study of compound 8 in

nude mice implanted with human colon cancer xenografts. This study

25 demonstrates high tumor uptake and low uptake in other tissues, indicating
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selectivity of deoxy-iodo azomycin acyclonucleoside and potential utility

as a tumor marker.
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ABSTRACT

An acyclonucleoside of nitroimidazole having the ability to

specifically bind to tumor _ells and useful for therapy, chemotherapy,

imaging and radiosensitizing the tumor cells.
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