
STABLE SNS-S9S COMPOSITIONS AND METHODS OF PREPARATION 

100011 This application claims the benefit of U.S. Provisional Application l\o. 

61/240,J 6 I. filed September 4, 2009, the entirety of which is incorporated herein by 

reference. 

I. .FIELD 

10002] Methods arc provided for preparing substantially pure ( + )-1.4-dihydro-7-

[(35.45)-3-mcthoxy-4-(methylamino)- l -pyrrolidinyl]-4-oxo- l -(2-thiazolyl)- l .8-

naphthyridinc-3-carboxylic acid, together with compositions comprising this substance. 

2. BACKGROUND 

10003) The compound(+)- I ,4-dihydro-7-[(35,45)-3-mcthoxy-4-mcthylamino-l-

pyrrolidinyl]-4-oxo-1-(2-thiazolyl)-l ,8-naphthyridinc-3-carboxylic acid. has the following 

chemical structure: 

This compound is also known as SNS-595 or AG-7352. The United States Adopted Names 

Council (USA NC) has assigned the name "'vosaroxin" to this compound. 

10004) SNS-595 is known for its anti-tumor activity (see, Tsuzuki ct al. . .!. }vfed Che111 .. 

47:2097-2106, 2004 and Tomita ct al.. .I. Med. Chem., 45:5564-5575, 2002). Treatment of 

various cancers with SNS-595 has been proposed in the literature. and SNS-595 has shown 

preclinical activity against various cancer cell lines and xcnografo. Various dosing 

regimens for the use of this compound have been reported. For example. see U.S. Patent 

Application Pub. Nos. 2005-0203120 Al, 2005-0215583A1, and 2006-0025437 Al, all of 

which arc incorporated herein by reference in their entireties. SNS-595 is presently being 

tested in clinical trials to assess safety and efficacy in human cancer patients, and has 

demonstrated clinical activity in the treatment of acute mycloid leukemia and ovarian 

cancer. 
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[00051 SNS-595 can be prepared using techniques known to those of ordinary skill in 

the art. See, for example, U.S. Patent No. 5,817,669, issued October(>. 1998: Japanese 

Patent Application No. Hei 10-173986. published June 26, 1998: WO 2007/146335, 

published December 21, 2007: Tsuzuki ct al.. J. Med. Chem., 47:2097-2106. 2004: and 

Tomita et al.,.!. 1'vfed. Chem., 45:5564-5575, 2002, all of which are incorporated herein by 

reference in their entireties. 

[00061 International Patent Application No. WO 2007/146335 describes an exemplary 

process for the synthesis of SNS-595. As shown in Scheme I, this synthesis proceeds via 

Intermediate 1, which is reacted with Compound 2 in the presence ofa base, such as 

triethylaminc or N,N-diisopropylcthylaminc to fo1m Compound 3. The ester group of 

Compound 3 is subsequently hydrolyzed to afford SNS-595. 

Scheme I 

MeO, NH Me n •2Ts0H 

N 
2 

0 ffiCOzH 
MeHNV N ~,.,.. 

.:· N°s 
MeO '=./ 

SNS-595 

The route described in Scheme 1, however, typically yields undesirable amounts of 

impurities, i.e., by-products of the reactions. which arc difficult to deplete or remove from 

the SNS-595 drug substance and SNS-595 drug products. 

100071 Although certain by-products can exist in SNS-595 prcparntions. reducing the 

amount of these impurities in the drug substance and the final drug product is important. 

Since cancer patients undergo significant chemotherapy and radiation therapy and can. 

therefore, have compromised immune systems, it is beneficial to deliver to these patients 

drug product that is characterized by high purity. Further, for intravenous or intraarterial 

administration of a drug product. the purity and physical characteristics of the drug product 

arc important because the drug product enters directly into the bloodstream. 

100081 Thus. there remains a need for improved methods for preparing SNS-595 

substantially free of contaminants. thereby providing a drug substance in a substantially 

pure form that is well suited for formulation into pharmaceutical products for the treatment 

of cancer without the need for laborious purification steps. 
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3. SUMMARY 

(00091 Processes arc provided that can yield a substantially pure SNS-595 substance. In 

addition, the processes can be scaled up to commercial manufacturing of substantially pure 

SNS-595 substance. 

100101 In some embodiments, processes arc provided for preparing a substantially pure 

SNS-595 substance, comprising: 

100111 

(a) reacting Compound 3 

with a first aqueous base followed by neutralizing to obtain a primary SNS-

595 hydrate: 

(b) dehydrating the primary SNS-595 hydrate from step (a) and reacting the 

dehydrated product with a second aqueous base followed by neutralizing to 

obtain a secondary SNS-595 hydrate: and 

(c) dehydrating the secondary SNS-595 hydrate obtained in step (c) to obtain the 

substantially pure SNS-595 substance. 

In some cases, it may be desirable to react the substantially pure SNS-595 

substance obtained in step ( c) with a further aqueous base, neutralize, and then dehydrate to 

further improve the purity of the substantially pure SNS-595 product. The first aqueous 

base. the second aqueous base, and the further aqueous basc(s) can be the same or different. 

Likewise. the acids employed during the neutralization steps may he the same or different. 

Recycling of the substantially pure SNS-595 suhstancc through the described steps of 

treatment with aqueous base. neutralization, and dehydration may be performed a plurality 

of times to sequentially further purify the SNS-595 sub,;tance until a substantially pure 

SNS-595 substance of a desired level of purity is obtained. 

100121 In some embodiments. processes arc provided for preparing a substantially pure 

SNS-595 substance, comprising: 

(a) reacting Compound 1 
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and 

with Compound 2 

0 
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in the presence of N.N-diisopropylcthylaminc and water to obtain substantially pure 

Compound 3 

0 ffico2Et 

MeHN--<:::J N N 
,: N.AS 

MeO 1c==J 

3: 

(b) reacting Compound 3 with an aqueous base to fonn the substantially pure 

SNS-595 substance. 

100131 In some embodiments. provided herein arc compositions comprising 

substantially pure SNS-595 substance, wherein tbe substantially pure SNS-595 substance 

comprises about 0 to 0.01 ?•;,Compound 4 

at the time of production of the compositions, based on total weight of tbe substantially pure 

SNS-595 substance. 
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100141 In some embodiments, provided herein arc compositions comprising 

substantially pure SNS-595 substance. wherein the substantially pure SNS-595 substance 

comprises about 0 to 0.02'% Compound 5 

0 0 

~OH 
Cl~N~NJ 

S~N 
'=1 

5 

at the time of production of the compositions based on total weight of the substantially pure 

SNS-595 substance. 

100151 In some embodiments, compositions arc provided that comprise SNS-595 and 

water, wherein about 100 mg of SNS-595 is present for every 10 ml of the compositions, 

wherein the compositions arc essentially free of visible particles, and wherein the 

compositions arc stable at, for example, 3, 6, 9 .. 12, or 24 months after production. 

100161 In some embodiments, compositions arc provided that comprise SNS-595 and 

water. wherein about 100 mg ofSNS-595 is present for every 10 ml of the compositions, 

wherein the compositions arc essentially free of sub-visible particles, and wherein the 

compositions arc stable at, for example. 3. 6. 9. 12, or 24 months after production. 

100171 In some embodiments. the processes described herein arc performed on a 

kilogram scale. 

4. BRIEF DESCRIPTION OF THE ORA WINGS 

100181 Figure 1 illustrates the observed relationship between amounts of Compound 6 

in SNS-595 bulk dmg product solutions formulated from drug substances having different 

amounts of Compound 4. 

[00191 Figure 2 illustrates the observed relationship between the amount of Compound 

4 in SNS-595 dmg substance and the amount ofrcsidual Compound I in Compound 3 used 

to prepare the dmg substance. 

100201 Figure 3 illustrates the observed relationship between the amount of Compound 

5 in SNS-595 dmg substance and the amount of residual Compound I in Compound 3 used 

to prepare the drug substance. 
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5. DETAILED DESCRIPTION 

4.1 DEFINITIONS 

100211 Unless defined otherwise, all technical and scientific terms used herein have the 

same meaning as is commonly understood by one of ordinary skill in the art. All patents, 

applications, published applications and other publications mentioned herein arc 

incorporated by reference in their entirety. 

100221 As used herein, "SNS-595" refers to (+)-1,4-dihydro-7-[(3S,4S)-3-mcthoxy-4-

methylamino-1-pyrrol idinyl]-4-oxo- l-(2-thiazolyl)-1,8-naphthyridine-3-carboxylic acid, as 

well as any ionic fonn, salts, solvates. e.g., hydrates, or other forms of that compound, 

including mixtures thereof Thus, compositions comprising SNS-595 include(+ )-1,4-

dihydro-7-[(3S,4S)-3-mcthoxy-4-methylamino- I -pyHolidinyl]-4-oxo- l -(2-thiazolyl )- J ,8-

naphthyridine-3-carboxylic acid or. in some embodiments, an ionic form thereof. salt, 

solvate, e.g., hydrate, polymorph, pseudomorph, or other form of the compound. Jn some 

embodiments, SNS-595 is provided as a pharmaceutically acceptable salt. SNS-595 is also 

referred to as AG-7352, vorcloxin, and vosaroxin. 

10023] As used herein. "substantially pure SNS-595 substance" refers to a composition 

consisting essentially of SNS-595. i.e., comprising less than about J .0°1., of any other 

individual compound or impurity based on total weight of the composition (wt''io). For 

example, in some embodiments. such compositions comprise about 0 to 0.5%. about 0 to 

0.1 %, about 0 to 0.05'%, about 0 to 0.03%, about 0 to 0.01%, or about 0 to 0.01 %, 

Compound 4 based on total weight of the composition. 

~H 
CIANJl.N,lO 

S~N 
'=.! 

4 

In some embodiments, such compositions consist essentially of 0 to 0.5')(,. 0 to O. l 'Xi, 0 to 

0.05%, 0 to 0.03')),. 0 to 0.02%, or 0 to 0.0 I%, Compound 4 based on total weight of the 

composition. In some embodiments, such compositions have 0 to 0.5%. 0 to O. l %, 0 to 

0.05%, 0 to 0.03%. 0 to 0.02%, or 0 to 0.01% Compound 4 based on total weight of the 
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composition. In some embodiments. the compositions have<:; 0.02% of Compound 4 based 

on total weight of the composition. 

In some embodiments. such compositions comprise about 0 to 0.04'Yt,, about 0 to 0.03%. or 

about 0 to 0.02% Compound 5 based on total weight of the composition. 

0 0 flY'oH 
Cl N N 

SAN 
bl 

5. 

Jn some embodiments, such compositions consist essentially ofO to 0.04'>;,, 0 to 0.03%. or 0 

to 0.02% Compound 5 based on total weight of the composition. Jn some embodiments. 

such compositions have ofO to 0.04%. 0 to 0.03'%. or 0 to 0.02% Compound 5 based on 

total weight of the composition. In some embodiments. the compositions have S0.15'% of 

Compound 5 based on total weight of the composition. 

Other compositions that arc substantially pure SNS-595 substances arc described herein. 

In some embodiments. such compositions comprise about 0 to 0.5':.;,, about 0 to 0.1 '/;,, about 

0 to 0.05%. about 0 to 0.03'>:,. about 0 to 0.02%. or about 0 to 0.0 I''.•;, Compound 6 based on 

total weight of the composition. 

OH OH 

" /, 

Cl N N 0 0 N N Cl 

SAN N.AS 
bl bl 

6. 

In some embodiments. such compositions consist essentially of about 0 to 0.5%. about 0 to 

0.1 %, about 0 to 0.05%. about 0 to 0.03%. about 0 to 0.02%. or about 0 to 0.0 I%, 

Compound 6 based on total weight of the composition. In some embodiments. such 

compositions have about 0 to 0.5%. about 0 to 0.1 %. about 0 to 0.05%. about 0 to 0.03%, 

about 0 to 0.02%, or about 0 to 0.01 % Compound 6 based on total weight of the 

composition. 
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In some embodiments, such compositions comprise about 0 to 0.5%, about 0 to O. J 'X,, about 

0 to 0.05%,, about 0 to 0.03%, about 0 to 0.02'Yo. or about 0 to O.OJ %, Compound 7 based on 

total weight of the composition. 

Ho,c..._Jl ~ ~co,H 
l .. -l.~ A Jl .. J 7 N N-(JN ~ N 
A H,c' I 

l'i' '>~ j N~ 
\=1 CH 30 '=J 

7. 

Jn some embodiments, such compositions consist essentially of about 0 to 0.5%, about 0 to 

O. J %, about 0 to 0.05°1,,_ about 0 to 0.03%. about 0 to 0.02%, or about 0 to O.OJ % 

Compound 7 based on total weight of the composition. In some embodiments, such 

compositions have about 0 to 0.5%, about 0 to 0.1 %,, about 0 to 0.05%,, about 0 to 0.03'Yo. 

about 0 to 0.02%. or about 0 to 0.0 I•:;,, Compound 7 based on total weight of the 

composition. In some embodiments, the compositions have <'.0.15% of Compound 7 based 

on total weight of the composition. 

10024] As used herein, "SNS-595 substance" refers to a composition comprising SNS-

595 and one or more other compounds. In some embodiments. the SNS-595 substance 

comprises SNS-595 and Compound 4 and.1or Compound 5. 

(0025] As used herein and unless otherwise indicated. "about" refers to up to plus or 

minus I 0'~:, of the indicated value. For example, "about 0.0 I%" refers to 0.009% to 

0.0 J l ~<1. "about 25 °C" refers to 22.5 °C to 27.5 °C. and "about 0.6 M" refers to 0.54 M to 

0.66 M. In some embodiments. about refers to up to plus or minus 9. X, 7. 6. 5. 4. 3. 2. or 

I'% of the indicated value. Similarly. for a range of values. use of"about" refers to both the 

upper limit and the lower limit of the stated range. 

100261 The term '"about" with respect to a pH value is intended to mean that the 

acceptable error for that pH value is no greater than 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 

0.08, 0.09, or 0.1 pH unit. Jn certain embodiments, the error for a pH value is no greater 

than 0.02 pH unit (see, Method 79 l in L:SP XXVI (2003 ), incorporated herein by reference 

in its entirety). 

(0027] As used herein. "aqueous base" refers to any aqueous solution of one or more 

bases, which, in some embodiments. arc one or more strong bases (pKa > 13). Examples of 
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strong bases include, without limitation, hydroxides of alkali and alkaline earth metals or 

ammonium hydroxide. Aqueous bases may be aqueous solutions of organic or inorganic 

bases. In some embodiments, the base is provided as an aqueous solution of potassium 

hydroxide, lithium hydroxide, sodium hydroxide, or ammonium hydroxide. In some 

embodiments, the aqueous base has a molar concentration of about 0.6-l. l M. In some 

embodiments, the aqueous base is an aqueous solution of a hydroxide having a molar 

concentration of about 0.6, 0.7, 0.8, 0.9, I .0, or about I. I M. Jn some embodiments, the 

base may be provided in solid form. In some embodiments, the solid form is a pellet or a 

powder. 

10028! As used herein and unless otherwise indicated. the term "hydrate" means a 

compound or salt thereof, further including a stoichiometric or non-stoichiometric amount 

of water bound by non-covalent intermolecular forces. As used herein and unless otherwise 

indicated, the term "solvate" means a solvate formed from the association of one or more 

solvent molecules to a compound provided herein. The term "solvatc" includes hydrates 

(e.g., monohydratc, dihydrate, trihydratc, tctrahydrate, and the like). The solvates ofSNS-

595 can be crystalline or non-crystalline. 

100291 As used herein, "SNS-595 hydrate" refers to SNS-595 having a stoichiometric or 

non-stoichiometric amount of water bound by non-covalent intermolecular forces. In some 

embodiments, the SNS-595 hydrate is crystalline or non-crystalline. In some embodiments, 

the SNS-595 hydrate comprises about 0.8 to 1.2 molar equivalents of water per mole of 

SNS-595. In some embodiments, the SNS-595 hydrate comprises about I molar equivalent 

of water per mole of SNS-595. 

(0030) As used herein. "dehydrating" refers to removing water bound to the SNS-595 of 

a SNS-595 hydrate. Dehydrating methods arc known to those of ordinary skill in the art. In 

some embodiments, dehydrating is accomplished by contacting the SNS-595 hydrate with a 

compound capable of removing water bound to the SNS-595 of the SNS-595 hydrate. Such 

compounds include dehydration solvents. In some embodiments, the solvent is hygroscopic 

and/or protic. Exemplary solvents include, without limitation, methanol, ethanol, 

isopropanol, acetone, or others apparent to those of ordinary skill in the aii. In some 

embodiments, the solvent is anhydrous. In some embodiments. the solvent is anhydrous 

ethanol. In some embodiments. the anhydrous ethanol comprises less than 0.5% water. In a 
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particular embodiment, dehydrating is accomplished by contacting SNS-595 hydrate with 

anhydrous ethanol at about 25-80 °C, about 40-80 °C, about 60-80 °C, or about 80 °C. Jn 

some cases, dehydration may be accomplished by thennal means in the absence of a 

solvent. 

[0031] The amount of water in a hydrate may be analyzed using a number of techniques 

as understood in the art. For example, the amount of water may be determined based on the 

observed weight loss in a thermogravimetric analysis (TGA) thermogram. In addition, the 

exhaust from a TGA furnace may be coupled to an instrument of chemical analysis, such as 

a mass spectrometry instrument or an infrared spectroscopy instrument, to confirm the 

chemical purity of the water vapor emitted upon heating. Water loss may also be quantified 

by direct gravimetric means such as "Loss on Dying <731 >"as described in the U.S. 

Pham1acopoeia, the entirety of which is incorporated herein by reference. Karl Fischer 

(KF) analysis may be used to analyze the water content of a hydrate sample. Coulometric 

KF analysis for water determination may be performed using a Mettler Toledo DL39 Karl 

Fischer titrator or other equipment. In one method, approximately 14-32 mg of a sample is 

placed in a KF titration vessel containing HYDRANAUR; - Coulomat AD reagent for 

coulometric KF titration and mixed for 60 seconds to ensure dissolution. The sample is 

then titrated by means of a generator electrode, which produces iodine by electrochemical 

oxidation. The analysis is repeated to ensure reproducibility of the measurements. 

[0032] As used herein. "neutralizing" or "neutralization" refers to the process of 

adjusting the pH of a solution to neutrality or approximate neutrality, e.g., pH of from 6.0 to 

N.O. 7.0 to X.O. or 7.3 to 7.7. 

(0033] As used herein. "pa11iculate matter" refers to any matter formed as a result of by-

products of a synthetic preparation of SNS-595 that is insoluble or paiiially soluble in water 

or an aqueous mixture. Jn some embodiments, the particulate matter comprises visible 

particles. Other impurities including particulates such as lint, glass, metal, and the like may 

be present in the SNS-595 compositions at or below levels permitted for administration to 

human subjects in the treatment of disease. 

10034] As used herein, "visible particles" refers to insoluble or partially soluble solids in 

a liquid solution, e.g .. an aqueous solution, that arc visible to a human eye. In some 

embodiments, the visible particles arc visible under natural sunlight. white-light. fluorescent 

- I 0-



lighting, or incandescent lighting. In further embodiments, the visible particles arc visible 

when observed under lighting having an intensity of 600-7000 lux, 900-4000 lux, gs0-4650 

lux, or 2000-3750 lux. Jn some embodiments, the particles arc visible when inspected for 

about 1-60, 1-30, 1-15, 1-10, 1-5, or 5 seconds. 

10035] In a particular embodiment, the visible particles arc visible when tested 

according to the method described by European Pharmacopeia 5.0, Section 2.9.20, the 

entirety of which is incorporated herein by reference. ln this method, an apparatus having a 

viewing station comprising ( 1) a matt black panel of appropriate size held in a vertical 

position; (2) a non-glare white panel of appropriate size held in a vertical position next to 

the black panel; and (3) an adjustable lampholdcr fitted with a suitable, shaded, white-light 

source and with a suitable light diffuser (e.g., a viewing illuminator containing two 13 W 

fluorescent tubes, each 525 mm in length) is used. The intensity of illumination at the 

viewing point is maintained between 2000 lux and 3750 lux. Higher values may be used for 

glass and plastic containers. Adherent labels arc removed from the container containing the 

sample to be tested. The outside of the container is washed and dried. The container is 

gently swirled or inverted while ensuring that air bnbblcs arc not introduced, and the 

container is observed for about 5 seconds in front of the white panel to determine whether 

visible particles arc present. The container is then observed for about 5 seconds in front of 

the black panel to determine whether visible particles arc present. In some embodiments, 

the visible particles arc visible against a white panel. Jn some embodiments, the visible 

particles arc visible against a black panel. 

10036] In some embodiments the visible pai1iclcs have an average diameter of at least 

50 ,m1, at least 75 µm, at least I 00 >tm, at least 150 rtm, or at least 200 rtm. Jn some 

embodiments the visible particles have an average diameter of about 50-500 >tm, about 50-

300 rtm, about 100-500 >tm, or about I 00-300 >tm. 

[0037] As used herein, "sub-visible pa1ticlcs" refers to particulate matter detectable by 

the Light Obscuration Particle Count Test or Microscopic Particle Count Test described in 

the U.S. Pharmacopoeia, <7X~> Particulate Matter in Injections, which is incorporated 

herein by reference in its entirety. 

(0038] Jn some embodiments, the visible and/or sub-visible particles comprise matter 

from the production process of a drug substance composition. including, without limitation, 

-11-



the synthesis or formulation of the drug substance. or the packaging of the composition. In 

some embodiments. the visible particles comprise metal. glass. lint. or the like. 

10039] In certain embodiments. the visible and/or sub-visible paiiiclcs comprise one or 

more of Compound 5 

0 0 

nj(oH 
Cl N N 

S~N 
\=1 

5, 

and/or Compound 6 

OH OH 

7 ~ 7 ~ 

" /. 

Cl N N 0 0 N N Cl 

S~N N~S 
\=1 \=1 

6 

and/or Compound 7 

0 0 

H02~ ~C02H 
l .. Jl.A A .Jl .. J 7 N )'_/'f:l N N 
~ H3C '\__) ~ 

S '-" N j N"" S 
\=1 CH30 \=1 

7. 

100401 As used herein ... essentially free of visible particles" refers to a liquid, e.g .• 

aqueous. composition comprising SNS-595 that docs not contain visible pa11iclcs. In some 

embodiments. the composition does not contain visible particles when adjudged by the 

methods described by European Pham1acopcia 5.0. Section 2.9.20 discussed above. 

10041] As used herein. "essentially free of sub-visible particles" refers to a liquid. e.g .. 

aqueous, composition comprising SNS-595 that docs not contain sub-visible pa11iclcs. 

100421 As used herein. "stable" refers to a composition comprising SNS-595 that. when 

stored in a container or vial. can remain essentially free of visible or sub-visible particles. or 

can maintain a specified amount of visible and/or sub-visible particles. for a specified 
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period of time. e.g., 1, 3, 6 or 9 months. For example, an aqueous composition that is 

essentially free of visible pai1iclcs and stable for 6 months with respect to visible pa1iiclcs 

refers to an aqueous composition that is judged to be essentially free of visible particles at 

any point in the time during the period starting from a referenced starting point, e.g., the 

time when the composition was produced and/or added to a container) to 6 months after the 

composition was prepared. In addition, if the stable composition is a bulk composition, 

then that composition is capable of being distributed into a lot of containers, e.g., vials, 

wherein any container containing the distributed composition that is essentially free of 

visible particles at the time of production of the lot is capable ofrcmaining essentially free 

of visible particles for the specified period of time, e.g., l, 3, 6 or 9 months. fn some 

embodiments, the composition is stable for at least 1, 2, 4, 6, 8, 10, 12, 15, 20, or 25 days. 

In some embodiments. the composition is stable for at least 1. 3, 6. 9, 12, 18, 24. 36. 42, or 

48 months. In some embodiments, the composition is stable starting from the time of 

production. 

100431 As used herein, "time of production" refers to the point in time when the SNS-

595 composition or container comprising SNS-595 is produced. In some embodiments, 

"time of production" is the time when the desired amounts of substantially pure SNS-595 

substance, sorbitol. water, and methancsulfonic acid arc mixed. Jn other embodiments, the 

"time of production" is the time when the desired amounts of substantially pure SNS-595 

substance. sorbitoL water. and methancsulfonic acid arc mixed and added to a container, 

e.g .. vial. In some embodiments, the time is less than 7 days, 6 days. 5 days. 4 days, 3 days, 

2 days, or J day after the composition or container comprising SNS-595 is produced. In 

some embodiments, the time is less than 20, 16, 12, 8, 4, or 2 hours after the composition or 

container comprising SNS-595 is produced. 

10044] As used herein and unless otherwise indicated, the term "pharmaceutically 

acceptable salt" includes, but is not limited to, a salt of an acidic or basic group that can be 

present in the compounds provided herein. Under certain acidic conditions, the compound 

can form a wide variety of salts with various inorganic and organic acids. The acids that 

can be used to prepare pharn1accutically acceptable salts of such basic compounds arc those 

that fonn salts comprising phannacologically acceptable anions including, but not limited 

to, acetate. bcnzencsulfonatc. bcnzoatc. bicarbonate, bitartrate. bromide, calcium cdctatc, 
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camsylate, carbonate, chloride, bromide, iodide, citrate, dihydrochloridc, cdctalc, edisylate, 

cstolate, csylatc, fumarate, gluceptatc, gluconatc, glutamate, glycollylarsanilate, 

hcxylresorcinate, hydrabamine, hydroxynaphthoate, isethionate, lactate, lactobionate, 

malate, maleate, mandelatc, methancsulfonatc (mcsylate), mcthylsulfate, muscate, 

napsylate, nitrate, pantothenatc, phosphate/diphosphatc, polygalacturonate, salicylatc, 

stearate, succinate, sulfate, tannate, tartrate, teoclate, tricthiodidc, and pamoatc. Under 

certain basic conditions, the compound can form base salts with various pharmacologically 

acceptable cations. Non-limiting examples of such salts include alkali metal or alkaline 

earth metal salts and, particularly, calcium, magnesium, sodium, lithium, zinc, potassium, 

and iron salts. 

10045] As used herein, "reprocessing'' refers to subjecting the SNS-595 (typically 

obtained from the saponification of Compound 3) to saponification conditions a second time 

or more. In some embodiments, the SNS-595 is reprocessed more than one time. In some 

embodiments, the saponification conditions utilize aqueous sodium hydroxide, ethanol, and 

acetic acid. In some embodiments, the saponification conditions comprise reacting 

Compound 3 with an aqueous base followed by neutralizing to form SNS-595 hydrate and 

dehydrating the SNS-595 hydrate. 

10046] As used herein, "substantially pure Compound 3" refers a composition 

consisting essentially of Compound 3 

0 

~co2Et 
J, JlJ 

MeHN~ N N 

~ NAS 
MeO \=1 

3, 

In some embodiments, substantially pure Compound 3 compositions may comprise 0 to 

0.3'Yo, 0 to 0.25%. 0 to 0.2'X,, 0 to 0.1%, 0 to 0.05%, or 0 to 0.01'!.{, Compound I, based on 

total weight of the composition. 
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0 roC02Et 
Cl N N 

SA,N 
\=1 

I 

In some embodiments. substantially pure Compound 3 compositions may consist essentially 

of 0 to 0.3%. 0 to 0.25%. 0 to 0.2%,, 0 to 0.1 %, 0 to 0.05%. or 0 to 0.0 I 'X, Compound I, 

based on total weight of the composition. In some embodiments, substantially pure 

Compound 3 compositions may have 0 to 0.3%, 0 to 0.25%, 0 to 0.2%, 0 to 0.1 %. 0 to 

0.05%, or 0 to 0.01% Compound I, based on total weight of the composition. In some 

embodiments. such compositions comprise 0 to 0.1 %. or 0 to 0.05%, Compound I based on 

total weight of the composition. 

10047) The purity of substantially pure SNS-595 substance or substantially pure 

Compound 3 provided herein. as well as the amounts of other compounds mentioned herein. 

can be determined by standard methods of analysis used by those of ordinary skill in the art. 

such as high performance liquid chromatography (HPLC). In this application. reference to a 

composition having ''O" of any component means that at least the measured amount of that 

component is lower than the limit of detection using such analytical methods or is 0 .00 l % 

w!w or less. 

4.2 METHODS OF PREPARATION 

100481 International Patent Application No. WO 20071146335 and U.S Provisional 

Application No. 6 l .'141,S56 describe exemplary processes known in the art for the synthesis 

of the SNS-595 compound. As shown in Scheme 2, this synthesis proceeds via 

Intermediate I, which is reacted with Compound 2 in the presence oftricthylaminc or N,N­

diisopropylcthylamine to fonn Compound 3. The ester group of Compound 3 is 

subsequently hydrolyzed to afford SNS-595. 

Scheme?. 

Mt'O NHMe 'o ·2Ts0H 
N 
H 

TEA 

Na OH 
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10049] However, when this process is followed, several impurities can be formed. 

Specifically, as shown in Scheme 3, following saponification of Compound 3 in basic 

conditions, approximately 0.04% of Compound 4 and< 0.05'X, of Compound 5 can be 

observed in the reaction product, in addition to SNS-595. 

10050] 

Scheme 3 

3 

NaOH 
AcOH 
Et OH 

SNS 595 4 
-0.04% <O.J5% 

Without being limited to any theory, Compound 5 may be caused by the 

presence of Compound I during the saponification step. Indeed, as shown in Scheme 4, the 

product isolated from the reaction of Compounds I and 2 in the presence of triethylaminc or 

N,N-diisopropylcthylaminc can contain approximately 0.3-0.6% by weight residual 

Compound I. 
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Scheme 4 
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NAS 
Meo 1=1 

3 

0 

~C02H 

--(J~NJlNJJ + 
MeHN ~ 

N"' S 
Meo 1=1 

SNS-595 

l 
compound 2 

NEt3 or 'Pr2NEt 

residual (0.3 - 0.6%) 

l 
NaOH 
Ac OH 
EtOH 

0 

roC02H 

Cl N N 

NAS 
l=1 

5 
<0.05% 

10051] Without being bound to any theory, Compound 4 may be the result of a reaction 

between Compound l and hydroxide. possibly through a 1.4-addition of water. Indeed. 

when Compound 1 is treated with aqueous sodium hydroxide, Compound 4 can be 

obtained. in addition to Compound 5, illustrated in Scheme 5. 
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Scheme 5 

0 

roC02Et 

Cl N N 

N~S 
\=1 

NaOH 
H20 

4.2(a) Reprocessing Method 

10052] In certain embodiments. processes are provided for preparing substantially pure 

SNS-595 substance by reprocessing a SNS-595 substance. 

10053] As noted, the reaction of Compound I with Compound 2 can result in the 

fonnation of a mixture of Compound 3 and residual Compound I. Subsequent treatment of 

this mixture with aqueous base. i.e .. saponification conditions. can result in the formation of 

a mixture of SNS-595, Compound 4. and Compound 5. However, when this mixture is 

again subjected to the saponifieation conditions. i.e .. reprocessed. the resulting product can 

contain SNS-595 with lesser amounts of Compound 4. as shown in Scheme 6. 

Scheme 6 

-1~-
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0 

ffiC02H 
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Additional experiments show that several cycles of such reprocessing may be used to 

sequentially further reduce the residual amount of Compound 4 in the composition. In some 

embodiments, the reprocessing is performed a number of times sufficient to reduce the level 

of Compound 4 to below the limit of detection by conventional methods, such as those 

disclosed herein or in the art. 

[0054] In certain embodiments, reprocessing is accomplished by solubilizing SNS-595 

hydrate with an aqueous base followed by neutralizing with acid, followed by dehydration. 

[0055) In certain embodiments. provided herein arc processes for preparing 

substantially pure SNS-595 substance comprising: 

(0056] 

(a) reacting Compound 3 

0 clC02Et 
MeHN--<:::J N N 

" N.AS 
MeO \=1 

3 

with a first aqueous base followed by neutralizing to obtain a primary SNS-

595 hydrate: 

(b) dehydrating the primary SNS-595 hydrate from step (a) and reacting the 

dehydrated product with a second aqueous base followed by neutralizing to 

obtain a secondary SNS-595 hydrate: and 

(c) dehydrating the secondary SNS-595 hydrate obtained in step (b) to obtain 

substantially pure SNS-595 substance. 

The first and second aqueous bases may be the same or different. In :;ome 

embodiments, the first and second aqueous bases of steps (a) and (b) arc each, 

independently, potassium hydroxide, sodium hydroxide, or lithium hydroxide. fn some 

embodiments, the first and second aqueous bases of steps (a) and (b) arc each. 

independently. sodium hydroxide or lithium hydroxide. In some embodiments, the first and 

second aqueous bases arc each sodium hydroxide. In some embodiments. the first or 

second aqueous base, each independently, has a molar concentration of about 0.6-I. I M. In 

some embodiments, the first or second aqueous base is an aqueous solution of a hydroxide, 
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wherein the first or second aqueous base each independently has a molar concentration of 

about 0.6, 0.7, 0.8, 0.9, l.O, or about LI M. 

(00571 The dehydration steps, independently, may be performed by treatment with 

dehydration solvents known to those of ordinary skill in the art. For example. dehydration 

may be accomplished by treating the material to be dehydrated with a hygroscopic and/or 

protic solvent. Exemplary solvents include, without limitation. ethanol, methanol. 

isopropanol, and acetone. In some embodiments, the dehydration solvent is anhydrous. 

10058] In some embodiments, the SNS-595 hydrate of step (b) or (c) is dehydrated with 

ethanol. In some embodiments, the ethanol is anhydrous. In particular embodiments, the 

anhydrous ethanol comprises less than 0.5'X, water. Jn some embodiments, the secondary 

SNS-595 hydrate of step (c) is dehydrated with anhydrous ethanol at a temperature of about 

25-XO 0 C, about 40-XO "C. about 60-80 "C or about 80 °C. 

[00591 Neutralization steps, independently, may be accomplished with any acid known 

to those of ordinary skill in the art. Inorganic acids, organic acids, or combinations thereof 

may be utilized. Acids may also be aqueous. Exemplary acids include. without limitation, 

acetic acid, hydrochloric acid, hydrobromic acid, sulfuric acid, citric acid, carbonic acid, 

phosphoric acid, oxalic acid, or nitric acid. In some embodiments, neutralization is 

accomplished with acetic acid. In some embodiments, the neutralization step adjusts the pH 

to 6.0 to 8.0. In certain embodiments, pH is adjusted to 7.0 to 8.0. In certain embodiments. 

pH is adjusted to about 7.3 to 7.7. 

[00601 In certain embodiments. the first and second aqueous bases of steps (a) and (b) 

arc each sodium hydroxide; pH is adjusted to about 7.3 to 7. 7 with acetic acid during 

neutralization; steps (a) and (b) arc performed in the presence of ethanol: and dehydration 

steps arc accomplished with anhydrous ethanol at a temperature between about 25-80 °C. 

[00611 The aqueous base reaction and neutralization may be performed in the presence 

of organic solvents known to those of ordinary skill in the art. In certain embodiments, the 

solvent is capable of dissolving SNS-595-hydrate when treated with aqueous base and. at 

the same time, capable of precipitating SNS-595 hydrate after subsequent neutralization. In 

some embodiments, step (a) or step (b) is pcrfonned in the presence of ethanol or methanol. 

In some embodiments, step (a) or step (b) is pe1fonned in the presence of ethanol. ln some 

embodiments, step (a) and step (b) arc each performed in the presence of ethanol. The 
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volume of ethanol or methanol suitable to carry out steps (a) or (b) may be readily 

dcte1mincd by those of ordinary skill in the art. In ce1iain embodiments, step (a) or step (b) 

is performed in the presence of ethanol or methanol, wherein the aqueous base is about I to 

about 20% ethanol or methanol by volume. In particular embodiments, the aqueous base is 

about 3, 5, 10, or J 5% ethanol by volume. 

10062] In some embodiments, the substantially pure SNS-595 substance obtained from 

step (c) comprises about 0 to 0.03'% Compound 4 based on total weight of substantially pure 

SNS-595 substance. In some embodiments, the substantially pure SNS-595 substance 

obtained from step (c) comprises about 0 to 0.02% Compound 4 based on total weight of 

substantially pure SNS-595 substance. Jn some embodiments, the substantially pure SNS-

595 substance obtained from step (c) comprises about 0 to 0.01 % Compound 4 based on 

total weight of substantially pure SNS-595 substance. Jn some embodiments, the 

substantially pure SNS-595 substance obtained from step (c) comprises about 0 to 0.03'>\1,0 

to 0.02'!·\1, or 0 to 0.01 % Compound 4 based on total weight of substantially pure SNS-595 

substance. 

10063] Compound 3 can be obtained by the reaction of Compound I 

0 roC02Et 
Cl N N 

! 
SAN 
l=1 

with Compound 2 

(0064] 

MeQ NHMe .. ../ 
(-) • 2Ts0H 

N 
H 

2. 

Compound I can be prepared or obtained by any source or method deemed 

suitable by those of ordinary skill in the art. Exemplary methods arc described in WO 

2007.1146335, which is incorporated herein by reference in its entirety. 

10065] In some embodiments. Compound 3 is present as a mixture that comprises about 

0 to 0.7% of Compound 1, based on total weight of the mixture. In some embodiments, 



Compound 3 is present as a mixture that comprises about 0 to 0.6% of Compound I, based 

on total weight of the mixture. Jn some embodiments, Compound 3 is present as a mixture 

that comprises about 0 to 0.3'% of Compound I, based on total weight of the mixture. In 

some embodiments, Compound 3 is present as a mixture that has 0 to 0.7%, 0 to 0.6'!/,i, or 0 

to 0.3');, Compound I based on total weight of the mixture. Jn some embodiments, 

Compound 3 is present as a mixture that comprises 0 to 0.7%, 0 to 0.6%,, or 0 to 0.3% 

Compound I based on total weight of the mixture. fn some embodiments, Compound 3 is 

present as a mixture that consists essentially ofO to 0.7%. 0 to 0.6%,, or 0 to 0.3'!1,, 

Compound I based on total weight of the mixture. 

4.2(b) Wet N,N-Diisopropylethylamine Method 

[0066] Jn certain embodiments, Compound I can be reacted with Compound 2 in the 

presence ofN.N-diisopropylcthylaminc (Df PEA) and water in acctonitrilc to obtain 

substantially pure Compound 3, which can be subsequently reacted with an aqueous base to 

obtain substantially pure SNS-595 substance. 

100671 When Compound I is reacted with Compound 2 in the presence of DI PEA and 

water in acetonitrile, it can be observed that Compound 3 may be obtained with lower levels 

of Compound I impurity compared to when the reaction is done in the absence of water. As 

shown in Scheme 7, subsequent saponification with aqueous base can provide SNS-595 

having lower levels of both Compound 4 and Compound 5 compared to reaction of 

Compound I with Compound 2 in DIP EA in the absence of water. 
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Scheme 7 
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10068] 
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-0.01% 

In some embodiments, Compound :l 

0 ±C02 Et 
MeHN~ N N 

-' Nj__S 
Meo \=1 

3 

is prepared by reacting Compound I 
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0 

~co2Et 
J,, .. Jl.J 

Cl N N 

SAN 
\=1 

with Compound 2 

MeQ NH Me 

0 •2Ts0H 
N 
H 

2 

in DIPEA and water to obtain Compound 3. 

10069] Jn some embodiments. OS?!,, to I O?lo water in acetonitrilc is used. In some 

embodiments. 2''.1~1 to X 1~1o \\rater in acctonitrilc is used. In son1c cn1bodimcnts, 4°1~) to 6r~/O 

water in acetonitrile is used. 

(0070] In some embodiments. water can be added at the beginning. during. or at the end 

of the reaction. 

10071] In some embodiments, the process is performed at about 25 °C ln some 

embodiments, the reaction mixture may be heated to effect consumption of Compound l. 

Jn some emhodiments. the process is pcrfmmcd initially at a temperature of about 25 °C and 

subsequently at a higher temperature. In some embodiments. the higher temperature is 

below reflux temperature. In a particular embodiment. the temperature at the start of the 

reaction is 25 °('; such temperature is maintained for a desired time, after which the 

temperature is raised to about 40-50 °C and maintained at about 40-50 °C for a second 

desired period. Jn further embodiments, the process is performed initially at temperature of 

about 25 °C for about 12 hours (hr) and subsequently at a tempern1urc of about 40-45 °C for 

about 3-5 hr. 

100721 In some embodiments, the substantially pure Compound 3 obtained comprises 

about 0 to 0.1 %, about 0 to 0.05'%, or about 0 to 0.03%, Compound I 



0 

±C02Et 

Cl N N 

SAN 
'=1 

I 

based on total weight of substantially pure Compound 3. In some embodiments. the 

substantially pure Compound 3 obtained comprises 0 to 0. I%,, 0 to 0.05%, or 0 to 0.03% 

Compound I. 

10073] In some embodiments. provided herein arc processes fur preparing substantially 

pure SNS-595 substance comprising: 

and 

(a) reacting Compound I 

with Compound 2 

0 

± C02Et 
. 
. 

Ci N N 

SAN 
'=1 

MeO, NH Me 

0 °2Ts0H 
N 
H 

2 

in DIPEA and water to obtain substantially pure Com pound 3 

0 ffiC02Et 
tvleHN-0 N N 

-' N~S 
Meo l=.J 

3; 

(b) reacting the substantially pure Compound 3 with an aqueous base followed 

by neutralizing to obtain a primary SNS-595 hydrate: and 
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(0074) 

(0075) 

(c) dehydrating the primary SNS-595 hydrate obtained in step (a) to obtain 

the substantially pure SNS-595 substance. 

In some embodiments, step (a) is performed in the presence of acetonitrilc. 

In some embodiments, 0.5'Yc, to I O'Yo water in acctonitrilc is used. In some 

embodiments, 2% to X% water in acetonitrile is used. In some embodiments, 4% to 6'% 

water in acetonitrilc is used. 

[0076) In some embodiments, water can be added at the beginning. during, or at the end 

of the reaction. 

(0077] In some embodiments, the process is performed at about 25 °C. In some 

embodiments, the reaction mixture may be heated to effect consumption of Compound I. 

In some embodiments, the process is performed initially at a temperature of about 25 °C and 

subsequently at a higher temperature. In some embodiments, the higher temperature is 

below reflux temperature. In a particular embodiment, the temperature at the start of the 

reaction is 25 °C. such temperature is maintained for a desired time, after which the 

temperature is raised to about 40-50 °C and maintained at about 40-50 °C for a second 

desired period. In some embodiments, step (a) is performed initially at about 25 °C and 

subsequently at about 40-45 °C. In a particular embodiment. the step (a) is performed 

initially at about 25 °C for about 12 hr and subsequently at about 40-45 °C for about 3-5 hr. 

In some embodiments, the step (a) is performed at about 25 °C. 

[00781 In some embodiments, the substantially pure Compound 3 obtained comprises 

about 0 to 0.1 %, about 0 to 0.05%. or about 0 to 0.03% Compound 1 

0 ±C02Et 
Cl N N 

S~N 
\=1 

based on total weight of the substantially pure Compound 3. In some embodiments. the 

substantially pure Compound 3 obtained comprises 0 to 0.1 'Yr,, 0 to 0.05%, or 0 to 0.03% 

Compound 1. 

[0079] In some embodiments, the aqueous base is potassium hydroxide. sodium 

hydroxide, or lithium hydroxide. In some embodiments. the aqueous base is sodium 
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hydroxide or lithium hydroxide. In some embodiments. the aqueous base is sodium 

hydroxide. In some embodiments, the aqueous base has a molar concentration of about 0.6-

1. I M. In some embodiments, the aqueous base is an aqueous solution of a hydroxide 

having a molar concentration of about 0.6, 0.7, O.R, 0.9, J .0, or about 1.1 M. 

100801 In some embodiments, step (b) is performed in the presence of ethanol or 

methanol. In some embodiments, step (b) is performed in the presence of ethanol. The 

volume of ethanol or methanol suitable to carry out step (b) may be readily determined by 

those of ordinary skill in the art. In certain embodiments, step (b) is performed in the 

presence of ethanol or methanol, wherein the aqueous base is about I to about 20% ethanol 

or methanol by volume. In particular embodiments. the aqueous base is about 3. 5. l 0, or 

about J 5% ethanol by volume. 

100811 In some embodiments, an acid is added in step (b) after reacting Compound 3 

with the aqueous base to adjust the pH to 6.0 to X.0. Suitable acids include, but arc not 

limited to acetic acid, hydrochloric acid, sulfuric acid, and the like. In ce1iain embodiments, 

the acid is acetic acid. In certain embodiments, pH is adjusted to about 7.3 to 7.7. 

100821 In certain embodiments. the aqueous base of step (b) is sodium hydroxide; pH is 

adjusted to about 7.3 to 7.7 with acetic acid after Compound 3 is reacted with the sodium 

hydroxide in step (b); and step (b) is performed in the presence of ethanol. 

10083] In some embodiments, the primary SNS-595 hydrate of step (c) is dehydrated 

with ethanol. ln some embodiments, the ethanol is anhydrous. In particular embodiments, 

the anhydrous ethanol comprises less than 0.5%, water. In some embodiments, the primary 

SNS-595 hydrate of step (c) is dehydrated with anhydrous ethanol at a temperature of about 

25-80 °C, about 40-80 °C. about 60-80 °C, or about 80 °C. 

100841 In certain embodiments, the substantially pure SNS-595 substance obtained from 

step (b) comprises about 0 to 0.02%, or about 0 to 0.0 l 'X, Compound 4 

OH 0 

~H 
CIANJlN~O 

SAN 
bl 

4 
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based on total weight of substantially pure SNS-595 substance. In some embodiments, the 

substantially pure SNS-595 substance obtained from step (bl has 0 to 0.02%, or 0 to 0.0 I 'Y., 

Compound 4. In some embodiments, the substantially pure SNS-595 substance obtained 

from step (b) consists essentially of 0 to 0.02%, or 0 to 0.01 % Compound 4. In some 

embodiments, the substantially pure SNS-595 substance obtained from step (b) comprises 0 

to 0.02%, or 0 to 0.0 I% Compound 4. 

(00851 In some embodiments, the substantially pure S'\/S-595 substance obtained from 

step (b) comprises about 0 to 0.02'Yo Compound 5 

0 0 JJ:YoH 
Cl N N 

S~N 
bl 

5 

based on total weight of substantially pure SNS-595 substance. In some embodiments, the 

substantially pure SNS-595 substance obtained from step (b) has 0 to 0.02'>:, Compound 5. 

In some embodiments, the substantially pure SNS-595 substance obtained from step (b) 

consists essentially of 0 to 0.02% Compound 5. In some embodiments, the substantially 

pure SNS-595 substance obtained from step (b) comprises 0 to 0.02% Compound 5. 

(00861 In some embodiments, the substantially pure SNS-595 substance obtained in 

step (b) is reprocessed. In some embodiments, provided herein arc processes for preparing 

substantially pure SNS-595 substance comprising: 

(a) reacting Compound I 

with Compound 2 

0 

~co2Et 
~.Jl.JJ Ci N N 

S),N 
bl 
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MeO NH Me 'n ·2TsOH N 
H 

2 

in the presence of DIPEA and water to obtain substantially pure Compound 3 

0 ffico,Et 
MeHN-0 N N 

,: NAS 
Meo \=1 

3: 

(b) reacting substantially pure Compound 3 with a first aqueous base followed 

by neutralizing to obtain a primary SNS-595 hydrate: 

(c) dehydrating the primary SNS-595 hydrate obtained in step (b) to form a 

SNS-595 substance: 

(d) reacting the SNS-595 substance from step (e) with a second aqueous base 

followed by neutralizing to obtain a secondary SNS-595 hydrate: and 

(c) dehydrating the secondary SNS-595 hydrate obtained in step (d) to obtain 

substantially pure SNS-595 substance. 

4.3 COMPOSITIONS 

10087) Compositions arc provided that comprise substantially pure SNS-595 substance. 

Compositions arc also provided that consist essentially of substantially pure SNS-595 

substance. Compositions arc also provided that consist of substantially pure SNS-595 

substance. 

100881 In some embodiments, compositions arc provided wherein the substantially pure 

SNS-595 substance comprises about 0 to 0.03'>0 Compound 4 

OH 0 

~H 
Cl),,.NJlN,,LO 

S,lN 
'=J 

4 
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based on total weight of substantially pure SNS-595 substance. In some embodiments. the 

substantially pure SNS-595 substance comprises about 0 to 0.02'X, or about 0 to 0.01 % 

Compound 4. Jn some embodiments. the substantially pure SNS-595 substance comprises 

0 to 0.03%. 0 to 0.02%. or 0 to 0.01 % Compound 4. 

10089] In some embodiments. substantially pure S,\/S-595 substances arc provided that 

consist essentially of SNS-595 and about 0.03 wt% or less, about 0.02 wt% or less. or about 

0.01 wt% or less Compound 4. In some embodiments, the composition consists essentially 

of SNS-595 and 0.03 wt% or less. 0.02 wt% or less. or 0.01 wt% or less Compound 4. Jn 

some embodiments. the composition consists of SNS-595 and 0.03 wt% or less. 0.02 wt% 

or less, or 0.01 wt% or less Compound 4. 

100901 In some embodiments. the substantially pure SNS-595 substance comprises 

about 0 to 0.03%, about 0 to 0.02%. or about 0 to 0.01 'Yo Compound 4. at the time of 

production. In some embodiments, the composition comprises 0 to 0.03%. 0 to 0.02~;,, or 0 

to 0.0 l 'X, Compound 4. at the time of production. 

10091] Jn some embodiments. substantially pure SNS-595 substances arc provided that 

consist essentially of SNS-595 and about 0.03 wt');, or less, about 0.02 wt'% or less. or about 

0.01 wt% or less Compound 4, at the time of production. Jn some embodiments, the 

composition consists essentially ofS"lS-595 and 0.03 wt% or less. 0.02 wt% or less, or 0.01 

wt% or less Compound 4. at the time of production. In some embodiments, the composition 

consists ofSNS-595 and 0.03 wt% or less, 0.02 wt% or less. or 0.01 wt% or less Compound 

4. at the time of production. 

10092] In some embodiments, compositions arc provided wherein the substantially pure 

SNS-595 substance comprises about 0 to 0.04% Compound S 

0 0 nYOH 
Cl N N 

S~N 
\=1 

5 

based on total weight of substantially pure SNS-595 substance. In some embodiments, the 

substantially pure SNS-595 substance comprises about 0 to 0.03%, or about 0 to 0.02% 
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Compound 5. In some embodiments, the substantially pure SNS-595 substance comprises 0 

to 0.04%, 0 to 0.03'%, or 0 to 0.02% Compound 5. 

10093) In some embodiments, substantially pure SNS-595 substances arc provided that 

consist essentially ofSNS-595 and about 0.04 wt%, or less, about 0.03 wt% or less, or about 

0.02 wt% or less Compound 5. In some embodiments, the composition consists essentially 

of SNS-595 and 0.04 wt% or less, 0.03 wt% or less. or 0.02 wt% or less Compound 5. In 

some embodiments, the composition consists ofSNS-595 and 0.04 wt% or less, 0.03 \Vt% 

or less, or 0.02 wt%> or less Compound 5. 

10094) In some embodiments, the substantially pure SNS-595 substance comprises 

about 0 to 0.04%, about 0 to 0.03'Y,1, or about 0 to 0.02% Compound 5, at the time of 

production. In some embodiments, the composition comprises 0 to 0.04%1, 0 to 0.03'1.1, or 0 

to 0.02'!·i1 Compound 5, at the time of production. 

10095) In some embodiments, the substantially pure SNS-595 substance consists 

essentially of SNS-595 and about 0.04 wt% or less, about 0.03 wt% or less. or about 0.02 

wt'X, or less Compound 5, at the time of production. In some embodiments, the composition 

consists essentially ofSNS-595 and 0.04 wt'% or less, 0.03 wt'% or less, or 0.02 wt';<;, or less 

Compound 5, at the time of production. In some cm bodimcnts. the composition consists of 

SNS-595 and 0.04 wt% or less, 0.03 wt% or Jess, or 0.02 wt% or Jess Compound 5, at the 

time of production. 

100961 Jn some embodiments, substantially pure SNS-595 substances arc provided 

wherein the substantially pure SNS-595 substance comprises about 0 to 0.07% total 

Compound 4 and Compound 5 combined based on total weight of the compositions. In 

some embodiments, the composition comprises about 0 to 0.05% total Compound 4 and 

Compound 5 combined. Jn some embodiments, the substantially composition comprises 

about 0 to 0.03% total Compound 4 and Compound S combined. In some embodiments, the 

composition comprises 0 to 0.07%, 0 to 0.05'!1,, or 0 to 0.03% total Compound 4 and 

Compound 5 combined. 

10097] In some embodiments, substantially pure SNS-595 substances are provided that 

consist essentially ofSNS-595 and about 0.07 wt'Y,, or Jess, about 0.05 wt'>;, or less, or about 

0.03 wt'Yo or less total Compound 4 and Compound 5 combined. In some embodiments, the 

composition consists essentially of SNS-595 and 0.07 wt% or less, 0.05 wt% or less, or 0.03 
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wt'Yo or less total Compound 4 and Compound 5 combined. Jn some embodiments, the 

composition consists of SNS-595 and 0.07 wt%, or less, 0.05 wt% or less, or 0.03 wt% or 

less total Compound 4 and Compound 5 combined. 

10098] In some embodiments, the substantially pure SNS-595 substance comprises 

about 0 to 0.07%, about 0 to 0.05'%. or about 0 to 0.03%, total Compound 4 and Compound 

5 combined. at the time of production. In some embodiments, the composition comprises 0 

to 0.07%, 0 to 0.05%, or 0 to 0.03% total Compound 4 or Compound 5 combined, at the 

time of production. 

[0099) Jn some embodiments, substantially pure SNS-595 substances arc provided that 

consist essentially of SNS-595 and about 0.07 wt%, or less, about 0.05 wt<;;, or less. or about 

0.03 wt'Xi or less total Compound 4 and Compound 5 combined. at the time of production. 

In some embodiments. the composition consists essentially of SNS-595 and 0.07 wt'Y., or 

less, 0.05 wt% or less. or 0.03 wt% or less total Compound 4 and Compound 5 combined. at 

the time of production. In some embodiments. the composition consists ofSNS-595 and 

0.07 wt% or less, 0.05 wt% or less, or 0.03 wt% or less total Compound 4 and Compound 5 

combined. at the time of production. 

[001001 The presence of Compound 5 in a solution comprising SNS-595 and water can 

result in sub-visible microscopic particles. The presence of microscopic or sub-visible 

particles can be determined by any technique deemed suitable by one of ordinary skill in the 

art. For instance, the number of particles can be determined by the obscuration method 

specified in USP-NF General Chapter 7X8, which is incorporated herein by reference in its 

entirety and described below. Alternatively, flow imaging techniques (such as that 

available from Brightwell Technologies. Inc. may be used to determine the paiiiculatc 

matter content of a composition. 

1001011 In some embodiments, compositions arc provided wherein about 100 mg of 

substantially pure SNS-595 substance is present for every I 0 ml of the composition: and 

wherein the composition has not more than 80, not more than 70. not more than 60, not 

more than 50, not more than 40, not more than 30, not more than 20. not more than 15, not 

more than I 0, or not more than 5 particles:> 25 microns per I 0 ml of the composition. 

100102] In some embodiments, compositions arc provided wherein about I 00 mg of 

SNS-595 is present for every I 0 mL of the composition; and wherein the composition has 
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not more than 3000, not more than 2500, not more than 2000, not more than J 500, not more 

than J 000, not more than 800, not more than 645, not more than 600, not more than 300, or 

not more than l 00 particles 2: l 0 microns per I 0 mL of the composition. 

100103] Jn some embodiments, compositions are provided that comprise SNS-595 and 

0.3 mg or less. 0.2 mg or less, or O. l mg or less Compound 4 per gram of SNS-595. In 

some embodiments, the compositions arc aqueous solutions of a substantially pure SNS-595 

substance. e.g., 3 mg or less Compound 4 per I 0 gm of the substantially pure SNS-595 

substance per I 00 mL solution. In some embodiments. the compositions further comprise 

sorbitol. Jn some embodiments. the sorbitol is present in an amount providing a 4.5'Yo 

aqueous solution ofsorbitol. In some embodiments, the compositions further comprise 

methanesulfonic acid. Jn some embodiments, the mcthancsulfonic acid is present in an 

amount to provide the solution a pH of 2.5. 

100104] Jn some embodiments the composition is an aqueous solution consisting 

essentially of: 

(a) J 0 g of a substantially pure SNS-595 substance consisting of SNS-

595 and Compound 4, wherein the substantially pure SNS-595 substance contains 

0.3 mg or less Compound 4 per gram: 

(b) 4.5 g ofsorbitol: and 

(c) sufficient mcthanesulfonic acid to provide a pH of2.5: 

per JOO ml of the solution. Also provided arc products comprising a container containing 

an aliquot of such solution, e.g., I 0 mL of such solution. 

1001051 A composition comprising SNS-595 and 0.4 mg or less. 0.3 mg or less, or 0.2 

mg or less of Compound 5 per gram ofSNS-595. In some embodiments, the compositions 

arc aqueous solutions of a substantially pure SNS-595 substance. e.g .. 0.4 mg or less of 

Compound 5 per! 0 gm of the substantially pure SNS-595 substance per I 00 mL solution. 

Jn some embodiments. the compositions further comprise sorbitol. In some embodiments, 

the sorbitol is present in an amount providing a 4.5%, aqueous solution of sorbitol. In some 

embodiments, the compositions further comprise methancsulfonic acid. Jn some 

embodiments, the methancsulfonic acid is present in an amount to provide the solution a pH 

of2.5. 
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100106] In some embodiments the composition is an aqueous solution consisting 

essentially of: 

(a) I 0 g of a substantially pure SNS-595 substance consisting of SNS-

595 and Compound 5, wherein the substantially pure SNS-595 substance contains 

0.4 mg or less Compound 5 per gram; 

(b) 4.5 g of sorbitol: and 

(c) sufficient methanesulfonic acid to provide a pH of2.5; 

per I 00 ml of the solution. Also provided arc products comprising a container containing 

an aliquot of such solution, e.g.,l 0 mL of such solution. 

(00107] A composition comprising SNS-595 and 0. 7 mg or less total Compound 4 and 

Compound 5 per gram ofSNS-595. A composition comprising SNS-595 and 0.4 mg or 

less, 0.3 mg or less. or 0.2 mg or less Compound 5 per gram ofSNS-595. In some 

embodiments, the compositions arc aqueous solutions of a substantially pure S'\JS-595 

substance, e.g., 4 mg or less of Compound 5 perl 0 gm of the substantially pure SNS-595 

substance per I 00 ml solution. In some embodiments, the compositions further comprise 

sorbitol. In some embodiments, the sorbitol is present in an amount providing a 4.5%, 

aqueous solution of sorbitol. In some embodiments, the compositions further comprise 

mcthanesulfonic acid. In some embodiments. the mcthanesulfonic acid is present in an 

amount to provide the solution a pH of 2.5. 

(00108] Jn some embodiments the composition is an aqueous solution consisting 

essentially of: 

(a) I 0 g of a substantially pure SNS-595 substance consisting of SNS-

595, Compound 4, and Compound 5, wherein the substantially pure SNS-595 

substance contains 0. 7 mg or less total Compound 4 and Compound 5 combined per 

gram~ 

(b) 4.5 g of sorbitol: and 

(c) sufficient mcthanesulfonic acid to provide a pH of2.5; 

per 100 mL of the solution. Also provided arc products comprising a container containing 

an aliquot of such solution, e.g., J 0 ml of such solution. 
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1001091 Fuiiher, the presence of Compound 4 in a solution comprising SNS-595 and 

water can result in the formation of visible pa11icles. Without being limited to any theory, 

the visible paiiiclcs can comprise Compound 6 

OH OH 

-;:/ "" -;:/ "" 
" /, 

Cl N N 0 0 N N Cl 

SAN NAS 
bl bl 

6, 

which can be derived from Compound 4. Without being limited to any theory, Compound 

4, when exposed to formaldehyde, can react to form Compound 6. I ndecd, when 

Compound 4 is treated with formaldehyde, the formation of Compound 6 has been 

observed. 

(001101 In some embodiments, processes arc provided that. when compared to processes 

known in the art, produce substantially pure SNS-595 substance including lower amounts of 

Compounds 4 and 5, and. thus. lower amounts of particles, e.g .. Compound 6, when such 

substantially pure SNS-595 substance is provided in an aqueous solution. 

1001111 In some embodiments. processes arc provided that. when compared to processes 

known in the art. produce substantially pure SNS-595 substance including lower amounts of 

compound 7 

Ho,c.___ ,,l ~ wo co,H 
l.,,l.,A I I 7 N N-../'f:I :,... 
A H,C \__J I 

ll' "t'I ! NAS 
bl CH 30 '==f 

7. 

1001121 In some embodiments, compositions comprising substantially pure SNS-595 

substance arc provided, wherein the compositions arc essentially free of visible particles and 

arc stable over time. In some embodiments, the composition is stable for l, 2. 4, 6, 8. l O. 

12, 15, 20, or 25 day(s). In some embodiments. the composition is stable for l, 3, 6, 9. 12, 

18. 24, 36, or 42 month(s). ln some embodiments, the composition is stable starting from 
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the time of production. In some embodiments, the composition is stable when contacted 

with formaldehyde. In some embodiments, the composition o is stable when contacted with 

a compound capable of transforming Compound 4 

to Compound 6 

Cl 

OH 0 

~H 
Cl,,,l_NJlN,,LO 

OH 

~ !1 ~ 

" )(_ N N 0 
I 

SAN 
\=1 

SA-N 
\=1 

4 

0 

OH 

~ 

N 

NAS 
\=1 

6. 

"" 
/'. 

N Cl 

100113] As discussed, visible particles may have, in some embodiments, an average 

diameter of at least 50 )tm. at least 75 .Ltm, at least I 00 flm. at least 150 1.un. or at least ~00 

flm. In some embodiments the visible pai1icles have an average diameter of about 50-500 

pm, about 50-300 1tm. about 100-500 pm, or about 100-300 1tm. 

1001141 The crystallinity and crystalline habit may be determined using methods known 

to those of ordinary skill in the art. For example. crystallinity and crystalline habit may be 

assessed by polarized light microscopy. In some embodiments. the visible particles arc 

crystalline powders. In some embodiments, the crystalline habit of the visible particles is 

that of plates about 45 pm to about J 50 ftm, or about 50 11m to about JOO .Ltm. 

1001151 The detection of visible particles in a composition can be determined by any 

technique deemed suitable by one of ordinaty skill in the art. For instance. visible particles 

may be detected by the method specified in European Phannacopeia 5.0, section 2.9.20. 

which is incorporated herein by referenced in its entirety. Certain exemplary techniques arc 

described in greater detail below. 

(00116] In some embodiments, visible particle presence is determined at an illumination 

intensity between about 2000 and 3750 lux. 
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1001171 

100118) 

100119) 

In some embodiments, the visible particles comprise compound 6. 

In some embodiments, the visible particles comprise compound 7. 

In some embodiments, processes arc provided that, when compared to processes 

known in the art, produce substantially pure SNS-595 substance including lower amounts of 

suh-visiblc particles as detected by the Light Obscuration Particle Count Test as described 

in the C.S. Pharmacopoeia. ,<788> Particulate Matter in Injections. the entirety of which is 

incorporated herein by reference. In some embodiments. the sub-visible paniclcs comprise 

one or more of compounds 5. 6, and/or 7. 

100120] In some embodiments, provided herein arc compositions comprising 

substantially pure SNS-595 substance, wherein the compositions contain not more than 

6000 sub-visible particles?" I 0 ,tm per vial. not more than 3000 sub-visible particles?" I 0 

>tm per vial, or not more than I 000 sub-visible particles ?" J 0 ,um per vial as measured by 

light obscuration. In some embodiments, provided herein arc compositions comprising 

substantially pure SNS-595 ,;ubstance, wherein the compositions contain not more than 600 

sub-visible patiiclcs particles?" 25 ,um per vial, not more than 300 sub-visible particles 

particles >25 ,um per vial, or not more than I 00 sub-visible particles> 25 ,um per vial by 

light obscuration. In some embodiments, provided herein arc compositions comprising 

substantially pure SNS-595 substance, wherein the compositions contain not more than 

.lOOO sub-visible paniclcs :C 10 ~tm per vial. not more than 1500 sub-visible particles ?" I 0 

.um per vial, or not more than .lOO sub-visible particles ?" I 0 .Ltm per vial as measured by 

microscopic evaluation. In some embodiments, provided herein arc compositions 

comprising substantially pure SNS-595 substance, wherein the compositions contain not 

more than 300 sub-visible particles :C 25 ~rn1 per vial, not more than J 50 sub-visible 

particles?" 25 ,Ltm per vial, or not more than 30 sub-visible particles?" 25 ,um per vial as 

measured by microscopic evaluation. 

100121 J In some embodiments, the composition comprises sorbitol. In further 

embodiments, the composition comprises mcthanesulfonic acid. In funher embodiments, 

the sorbitol is present in an amount providing a 4.5% aqueous solution of sorbitol. In some 

embodiments, the methanesulfonic acid is present in an amount to provide a pH of2.5. Jn 

some embodiments, the composition is stable. 
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1001221 Jn some embodiments, the composition consists essentially of JOO mg 

substantially pure SNS-595 substance, 450 mg of D-sorbitol, water, and mcthanesulfonic 

acid, wherein the methanesulfonic acid is present in amount to provide a pH of 2.5, and 

wherein the water is present in an amount to provide a total composition volume of 10 mL. 

In some embodiments, the composition is stable. 

1001231 In some embodiments, the composition consists essentially of water, 

substantially pure SNS-595 substance, sorbitol, and methancsulfonic acid. Jn some 

embodiments. the composition is stable. 

1001241 Jn some embodiments, compositions consisting essentially ofSNS-595 and 0.03 

wt% or less Compound 4 arc provided. 

1001251 Jn some embodiments. compositions consisting essentially ofSNS-595 and 0.04 

wt% or less Compound 5 arc provided. 

5 

1001261 In some embodiments, compositions consisting essentially ofSNS-595 and 0.07 

wt% or less total Compound 4 and Compound 5 arc provided. 

5. 
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1001271 In some embodiments, compositions comprising S"JS-595 and 0.3 mg or less 

Compound 4 per gram of SNS-595 arc provided. 

OH 0 

~H 
CIANJlN,,lO 

S~N 
\=1 

4 

!001281 In some embodiments, compositions comprising S"JS-595 and 0.4 mg or less 

Compound 5 per gram of SNS-595 arc provided. 

0 0 

nYOH 
Cl N N 

S~N 
\=1 

5 

1001291 In some embodiments. compositions comprising SNS-595 and 0.7 mg or less 

total Compound 4 and Compound 5 per gram of SNS-595 arc provided. 

OH 0 

~H 
CIANJlN,,lO 

S~N 
\=1 

4 

0 0 

nYOH 
Cl N N 

S~N 
\=1 

5 

100130] In some embodiments, compositions consisting essentially of: 

(a) I 0 g of a substantially pure SNS-595 substance consisting of SNS-595 and 

Compound 4 wherein the substantially pure SNS-595 substance contains 3 mg or 

less Compound 4 per gram 
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OH 0 

~H 
Cl,,l.NJlN,,LO 

S,,LN 
\=1 

4 

(b) 4.5 g ofsorbitol: and 

(c) sufficient mcthancsulfonic acid to provide a pH of2.5: 

per IOO ml of the solution are provided. In some embodiments. a product comprising a 

container containing I 0 ml of such solution is provided. 

(00131] In some embodiments, an aqueous solution consisting essentially of: 

(a) I 0 g of a substantially pure SNS-595 substance consisting of SNS-

595 and Compound 5 

0 0 

~OH 
Cl N N 

S,,LN 
\=1 

5 

wherein the substantially pure SNS-595 substance contains 4 mg or less Compound 

5 per gram: 

(b) 4.5 g of sorbitol: and 

(c) sufficient methanesulfonic acid to provide a pH of2.5: 

per l 00 ml of the solution is provided. In some embodiments, a product comprising a 

container containing 10 ml of such solution is provided. 

1001321 In some embodiments, an aqueous solution consisting essentially of: 

(a) 10 g of a substantially pure SNS-595 substance consisting of SNS-

595, Compound 4 and Compound 5 
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OH 0 0 0 

~H 
Cl,,,l.NJlNJ,,O 

flYoH 
Cl N N 

S),,_N 
bl 

S),,_N 
bl 

4 

wherein the substantially pure SNS-595 substance contains 7 mg or less total 

Compound 4 and Compound 5 combined per gram; 

(b) 4.5 g ofsorbitol: and 

( c) sufficient mcthancsulfonic acid to provide a pH of 2.5: 

per l 00 ml of the solution is provided. In some embodiments, a product comprising a 

container containing I 0 ml of such solution is provided. 

[001331 Also provided herein is a compound of formula 6 

OH 
: 

/ ""' 

or a pharmaceutically acceptable salt thereof. 

0 

6 

OH 

/ ""' 
~ 

N N 

N~S 
bl 

[00134] Also provided herein is a compound of formula 7 

Cl 

0 0 

HO,~ +C02H 
u__~)L~NJ'~AN)l_) 
A H,c' \_) ~ 

S "N / N7 S 
\d CH 30 \d 

7 

or a pharmaceutically acceptable salt thereof. 

6. EXAMPLES 

[001351 Certain embodiments of the claimed subject matter arc illustrated by the 

following non-limiting examples. 
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Exam(}le 1: Reduction of Compound 4 bv Reprocessing 

100136) As noted, the reaction of Compound 1 with Compound 2 can result in the 

fonnation of a mixture of Compound 3 and residual Compound 1. Subsequent treatment of 

this mixture with aqueous base, i.e., saponification conditions with, for example, aqueous 

sodium hydroxide, can result in the formation of a mixture of SNS-595. Compound 4, and 

Compound 5. However, when this mixture is again subjected to the saponifieation 

conditions, i.e., reprocessed, the resulting product can contain SNS-595 with lower amounts 

of Compound 4, as seen above in Scheme 6. 

1001371 Experiments were performed to assess the effect of such reprocessing of SNS-

595 substance on the residual levels of Compound 4. The results of these experiments arc 

presented in Table I. 

Table I: Reduction of Compound 4 by reprocessing 

Compound 

Expcrin1cnt Entry Scale 
4 spiked 
(actual) 

\V1(~0 

I I I 
I 2 I " ~ I 

3 
None 

~· 

2 4 I u I 
~ 

5 None 

3 6 )'\ (T --· :;:, 0.3 

4 
i 

7 25 g I 0.2 

5 I 8 ?'\ 0 I 0.1 I -- => 

6 
I 

9 40 g ! 0.02 

7 10 200 g 0.02 

8 11 1.49 kg 0.02 
- ------ --- ------ -----.. ~ .. --·-

9 12 l.2 kg I 0.02 -

· SNS-595 with 0.112•;·;, Compound 4 was used 
NA~ not available; ND~ None detected 
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Compound 
Compound 4 after 

4 after 
NaOH 

rcproccss1ng 

treatn1cnt 
arca0l() arca<;.-(1 (\vf0,;,) 

~·--

0. 70 0.06 

0.06 < ().() l 

<O.Ol < 0.01 

0.89 (). 06 

0.06 ND 

NA 0.01 (().()33) 

NA 0.005(().015) 

NA 0.002 (0.003) 

NA (0.004) 

NA (0.005) 
-

NA ( < 0.00)) 

NA (<0.015) 



100138) Experiment 1: 

To a solution of sodium hydroxide (0.15 g) in water (5 mL), SNS-595 (0.98g), Compound 

4(0.010 g) and ethanol (EtOH) ( 1 mL) were added. The mixture was filtered and the HPLC 

analysis of the filtrate showed Compound 4 as about 0.7% (by area). The pH of the filtrate 

was adjusted to 6 by slow addition of acetic acid and the solution was heated to precipitate 

SNS-595 hydrate. The slurry was cooled and filtered to give SNS-595 hydrate. HPLC 

analysis of the solid showed it to have 0.06% (by area) of Compound 4, indicating that a 

-10-fold reduction in Compound 4 had occurred. The solid was re-subjected to 

reprocessing using aqueous sodium hydroxide (0.18 gin 6 mL water) and EtOH (I mL), 

followed by pH adjustment with aqueous acetic acid. After heating, the solid was filtered to 

give SNS-595 hydrate having less than 0.01 ';.(,Compound 4, demonstrating at least a further 

six-fold reduction in the amount of the contaminant. 

100139) ,Experiment 2: SNS-595 (-1 g) was spiked with 1 % Compound 4. HPLC 

analysis of this spiked sample following reprocessing conditions, i.e., treatment with NaOH, 

showed 0.89% Compound 4 by area. This material was then pH-adjusted and the solid 

isolated as above. HPLC analysis showed 0.06% Compound 4 by area, indicating that a 

- J 0-fold reduction in Compound 4 occurred. consistent with the first experiment above. 

This material, when again subjected to reprocessing conditions. provided a S\iS-595 

substance with no detectable Compound 4, demonstrating at least a six-fold reduction in the 

amount of that contaminant. 

[00140] Scalabilitv Experiments: 

Experiments 3-9 were perforrncd to evaluate the scalability of this process. The procedure 

for Expe1iment 8 is provided as an exemplary procedure. Results for Experiments 3-9 arc 

summarized below and on Table I. 

100141 I Exemplary Procedure for Large Scale Reprocessing (Experiment 8): 

To a solution of Na OH (0.2 kg) in water ( 4.8 kg), SNS-595 ( J .49 kg) having Compound 4 

(-0.24% by weight) was added. To the mixture, EtOH (0. J 3 kg) was added. The solution 

was filtered and the pH of the filtrate was adjusted to 7.3-7.7 by slow addition of aqueous 

acetic acid. The mixture was heated to 55-65 °C, cooled. and filtered. The filter cake was 

washed with water, EtOH and dried under vacuum to give a SNS-595 hydrate ( J .36 kg) 

having 0.0 I 3% (by weight) Compound 4. The hydrate ( 1.36 kg) was dehydrated by 
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slurrying in Et OH (23 kg) at 67-78 °C. After cooling, the mixture was filtered, washed with 

EtOH and dried at 65-75 °C under vacuum to give a SNS-595 substance ( 1.0 kg) having 

less than 0.005'Yo Compound 4. 

[001421 Summarv of Scalabilitv Experiments: 

[00143) In Experiment 3, 25 g ofSNS-595 having 0.3°/., Compound 4 was subjected to 

reprocessing conditions, i.e., sodium hydroxide, followed by pH adjustment and 

dehydration. HPLC analysis of resulting SNS-595 showed 0.01% Compound 4 by area, 

indicating that a ··30 fold reduction in Compound 4 had occurred. 

100144) In Experiment 4. 25 g ofSNS-595 having 0.2% Compound 4 was subjected to 

reprocessing conditions, i.e .. sodium hydroxide, followed by pH adjustment and 

dehydration. HPLC analysis of resulting SNS-595 showed 0.005'/c, Compound 4 by area, 

indicating that a -40 fold reduction in Compound 4 had occurred. 

100145] Jn Experiment 5, 25 g ofSNS-595 having 0.1% Compound 4 was subjected to 

reprocessing conditions, i.e .. sodium hydroxide, followed by pH adjustment and 

dehydration. HPLC analysis of resulting SNS-595 showed 0.002'!., Compound 4 by area, 

indicating that a -50 fold reduction in Compound 4 had occurred. 

[00146) In Experiment 6, 40 g ofSNS-595 having 0.02% Compound 4 was subjected to 

reprocessing conditions. i.e .. sodium hydroxide. followed by pH adjustment and 

dehydration. HPLC analysis of resulting SNS-595 showed 0.004%, Compound 4 by area, 

indicating that a -5-fold reduction in Compound 4 had occurred. 

100147) In Experiment 7, 200 g ofSNS-595 having 0.02'% Compound 4 was subjected to 

reprocessing conditions, i.e .. sodium hydroxide. followed by pH adjustment and 

dehydration. HPLC analysis of resulting SNS-595 showed less than 0.005% Compound 4 

by area. indicating that a -4-fold reduction in Compound 4 had occurred. 

100148] In Experiment 8, I .49 kg of SNS-595 having 0.02% Compound 4 was subjected 

to reprocessing conditions, i.e., sodium hydroxide, followed by pH adjustment. HPLC 

analysis showed < 0.005% Compound 4 by area, indicating that a -4 fold reduction in 

Compound 4 occurred. 

100149) Jn Experiment 9, 1.2 kg of SNS-595 having 0.02% Compound 4 was subjected 

to reprocessing conditions, i.e., sodium hydroxide, followed by pH adjustment and 
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dehydration. HPLC analysis of resulting SNS-595 showed< 0.015% Compound 4 by area. 

indicating that a <>fold reduction in Compound 4 had occurred. 

Example 2: Reduction of amount of Compound 6 

1001501 As discussed. the presence of Compound 4 in a SNS-595 solution may be 

attended by the formation of visible particles, which, without being limited to any theory, 

comprise Compound 6. Experiments were performed to assess the effect of reducing 

Compound 4 levels on the formation of Compound 6 over time. 

!001511 Four different sample drug product solutions were prepared fiom the drug 

substances having varying levels of Compound 4 outlined in Table 2, below. Sample I 

used the reprocessed product obtained from Experiment 6 (described in Example 1) and had 

< 0.005'% Compound 4. Whenever external addition of Compound 4 was made. Compound 

4 was first dissolved in a 5 mM aqueous NaOH solution. A total of2% of the aqueous 

NaOH solution was added to each of the drug product Samples for consistency purposes. 

1001521 The va1ious drug product Samples were filtered twice through a 0.22 ,nm PVDF 

StcriCup filters. These pre-autoclaved, filtered drug product Samples were analyzed for 

their Compound 4 content six days following preparation and storage at room temperature 

(RT) shielded from light. Figure 1 and Table 2 show that the amount of Compound 6 in the 

drug product c01Tclatcd directly with the level of Compound 4 in the SNS-595 drug 

substance. 

The filtered drug product Samples were then filled in 30 mL Schott glass vials and 

stoppered. Vial filling and stoppering were performed in a laminar flow hood. Vials and 

stoppers used in this study were rinsed with filtered water and allowed to dry in the laminar 

flow hood before use. Vials were not dcpyrogenatcd and stoppers were not sterilized before 

use. Fiilcd and stoppered vials were crimp-scaled, autoclaved, and stored upright and 

shielded from light at 40 °('/75% relative humidity (RH). After 65 days of storage, the vials 

were inspected for the presence of visible particles and analyzed by HPLC for Compound 6 

content. Analysis of the Samples having less than O.Ol'Xi Compound 4 (entry I) showed 

that the resulting drug product had no visible particles and no detectable amount of 

Compound 6 after 65 days. Experiments with Samples having> 0.02% Compound 4 

showed significant formation of Compound 6 and visible particles during the same time 
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period (Samples 2-4). The amount of Compound 6 after 65 days correlated directly with the 

initial amount of Compound 4 in the SNS-595 substance. 

Table 2: Effect of Compound 4 on Compound 6 levels I 
! 

Sample Nominal I Compound 6 Compound 6 
Compound 4 in (µg/vial) (.uglvial) 
Drug Substance After -6 days After 65 days 

(% w!w) 
J < 0.01 0.0 0.0 
2 0.02 0.6 7 .. 9 
3 0.04 -2 14 - 19 
4 0.20 -9 16-24 

·~-- .. ~--·~ --~- ·-

Example 3: Reduction of Compounds 4 and 5 bv via Wet DIPEA 

(00153] Experiments were performed to assess the effect of water on the reaction 

between Compound 1 and Compound 2 in the presence of DI PEA. Experiments were also 

performed to compare the effect of adding water during the beginning of the reaction with 

adding water at the end of the reaction. 

100154] When Compound I and Compound 2 were reacted at 40-45 °C in the absence of 

water, analysis of the product showed between 0.26°/., and 0.3 J °/.,residual Compound 1 by 

area. 

100155] In a second series of experiments, Compound 1 and Compound 2 were reacted at 

RT for I 2 hr, and subsequently heated to 40-45 °C for 3-5 hr. In these experiments, water 

was added at the beginning of the reaction. Analysis of the product showed between 0.01 % 

and 0.08'% residual Compound I by area. 

100156] ln a third series of experiments, Compound 1 and Compound 2 were reacted at 

RT for I 2 hr, and subsequently heated to 45 °C for 3 hr. In these experiments, water was 

added at the end of the reaction. Analysis of the product showed (l.03'X, to 0.09% residual 

Compound I by area. 

The experiments above arc summarized in the table below. 
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------ ___ ,,_,_,,~·---"""-""""'"'-·----------- ----- _,, ........ -·---•'----·- .. "--·------- - --·--·-, 
Table 3: Effect of water in SNS-595 synthesis 
Rxn Condition Water Scale Residual Comments 

(volume) Compound I 
' (arca01~)) 

DJPEA, 40-45 °C 50 g 0.26 
0 OJJ No water 

DI PEA, RT, I 2 hr. . J g 0.05 Water added at 
then heated to 40- : JO g 0.08 the beginning 
45 °C. 3-5 hr 0.5 50 g 0.08 

JOO g I 0.05 
J kl! O.OJ . "'""-

" "" ...... _, _________ .... _, ____ . -- -,---- >-----·~ - ...... _ .. ___________ 

DlPEA, RT, 12 hr, JO g 0.03 Water added 
then heated to 40- 0.5 JO g 0.05 after J 2 hr at RT 
45 °C, 3 hr 50 g 0.09 

J 00 g 0.07 . -Analyzed at 27) nm 

100157] The following is an exemplary procedure for the experiments described in the 

Table 3 above. 

(00158] To a slurry of Compound 2 (J .55 kg) in acetonitrilc (ACN: JO L), DIPEA (4 L) 

and water (0.5 L) were added. To the solution, Compound I (l kg) and AC!\ (IL) were 

added and the reaction was stirred for about 12 hr at RT The reaction mixture was then 

heated to about 45 °C for about 2-6 hr. After cooling, the product was filtered, washed with 

ACN (4 L) and dried under vacuum to give Compound 3 (J. J kg). HPLC analysis showed 

this material to contain < 0. J 'Y., Compound I. 

Experiments were carried out to dctcnnine the impact of residual Compound I 

levels on the Compound 4 levels resulting during the manufacture of S!\S-595. These 

experiments demonstrated a correlation between Compound I levels in Compound 3 and 

Compound 4 levels in the resulting S!\S-595 substance. Experiments at laboratory scale 

also demonstrated that using Compound 3 substance having< 0.1 % Compound I provided 

a SNS-595 substance with < 0.0 l % Compound 4. The results of these expeiimcnts arc 

summarized below in Table 4 and Figure 2. 
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re-·------------· -------- ·----········-········· ··-----~ I Table 4: Impact of residual Compound I in Compound 3 on 
! Compound 4 levels in SNS-595 ------- "'"_, __ " . 

---"-·-·--- ---'""-'"" 

Entry Scale Compound I Compound 4 I Arca%, (wt'%) I 
I 0.15 kg 0.50 0.04 i 

! 

I 
~ 0.75 kg 0.60 I 0.05 

: 

: 3 2.1 kg 0.64 I o.o4 

I 4 5 kg 0.24 I 0.02 
I 

i 5 IO g 0.08 I 0.007 
! 

6 50 g 0.09 0.008 

7 I kg 0.01 < 0.005 
I 

(001591 The following is an exemplary procedure for the experiments described in Table 

4 above. 

[00160] Compound 3 (0.9 kg)(having < 0.1% Compound\) was added to a solution of 

sodium hydroxide (0.14 kg) in water (3.3 kg) and EtOH (0.16 L). The mixture was stirred 

for about 12 hr and filtered to remove insoluble materials. The pH of the filtrate was 

adjusted to 7.3-7.7 with aqueous acetic acid. The resulting mixture was heated to about 60 

°C for 2-4 hr, cooled and filtered. The filter cake was washed with water, EtOH and dried 

under vacuum. The resulting SNS-595 hydrate was slurried in EtOH (20 L) at about 70 °C 

for about 4 hr, cooled and filtered. The filter cake was washed with EtOH and dried at 55-

75 °C under vacuum to give SNS-595 substance (0.66 kg) having less than 0.005% 

Compound 4 (Table 4, entry 7). 

fOOl 61] In a similar manner, experiments were carried out to determine the impact of 

residual Compound 1 levels on the Compound 5 levels in SNS-595. These experiments 

demonstrated a correlation between Compound 1 levels in Compound 3 and Compound 5 

levels in SNS-595. The results of these experiments arc summarized below in Table 5 and 

Figure 3. 
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Table 5: Impact of residual Compound I on Compound 5 levels in SNS-595 

Entry Scale Compound 1 Compound 5 
(Arca%) (wt%) 

I 0.75 kg 0.60 0.106 

2 2.1 kg 0.64 0.077 
------ "''"'"' --·---- .. 

3 5 kg 0.24 0.028 

4 50 g 0.3 0.019 

5 50 g 0.2 0.016 

6 50 g 0.1 0.011 

7 50 g 0.1 0.011 
--

8 1 kg 0.01 <0.01 
'--·-·--.. - --~- . 

···~ 

Example 4: Pharmaceutical Composition Suitable for Injection or Intravenous 

Infusion and Determination of Particle lmpuritv 

1001621 An illustrative example ofa suitable SNS-595 pharmaceutical composition 

comprises: I 0 mg of substantially pure SNS-595 drug substance per mL of aqueous solution 

of 4.5% sorbitol that is adjusted to pH 2.5 with methanesulfonic acid. One protocol for 

making such a solution includes the following for making a I 00 mg! I 0 mL presentation: 

I 00 mg substantially pure SNS-595 substance (prepared following the methods described 

herein) and 450 mg D-sorbitol arc added to distilled water: the volume is brought up to a 

volume of I 0 mL: and the pH of the resulting solution is adjusted to 2.5 with 

methanesulfonic acid. 

1001631 The resulting SNS-595 composition will be essentially free of visible particles 

and stable. 

100164] As noted, the presence ofpartieulate matter can be determined using any 

convenient technique. For example, the presence of visible particles can be determined 

according to the method described by European Pharmacopcia 5.0, Section 2.9.20, the 

entirety of which is incorporated herein by reference. Specifically, an apparatus having a 

viewing station comprising ( l) a matt black panel of appropriate size held in a vertical 
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position; (2) a non-glare white panel of appropriate size held in a vertical position next to 

the black panel; and (3) an adjustable lampholder fitted with a suitable, shaded, white-light 

source and with a suitable light diffuser (e.g., a viewing illuminator containing two 13 W 

fluorescent tubes, each 525 mm in length) is used. The intensity of illumination at the 

viewing point is maintained between 2000 lux and 3750 lux. Adherent labels arc removed 

from the container. The outside of the container is washed and dried on the outside. The 

container is gently swirled or inverted while ensuring that air bubbles arc not introduced, 

and the container is observed for about 5 seconds in front of the white panel to determine 

the presence of visible particles. The container is then observed for about 5 seconds in front 

of the black panel to determine the presence of visible particles. If visible particles arc 

detected, from viewing in front of either panel, the corresponding container is rejected. 

1001651 Fmiher. the light obscuration particle count test described in USP-NF General 

Chapter 788 may be used, which is incorporated herein by reference in its entirety. 

Specifically, a suitable apparatus based on the principle of light blockage which allows an 

automatic determination of the size of particles and the number of particles according to 

size is used. The apparatus is calibrated using dispersions of spherical particles of known 

sizes between I 0 pm and 25 rtm. USP Particle Count Reference Standard. These standard 

particles arc dispersed in particle-free water. Care is taken to avoid aggregation of particles 

during dispersion. 

(00166) The test is carried out under conditions limiting particulate matter. for example 

in a laminar-flow cabinet. The glassware and filtration equipment used is very carefully 

washed. except for the membrane filters, with a warm detergent solution and rinsed with 

abundant amounts of water to remove all traces of detergent. Immediately before use, the 

equipment is rinsed from top to bottom. outside and then inside .. with particle-free water. 

(00167) Care is taken not to introduce air bubbles into the preparation to be examined. 

especially when fractions of the preparation arc being transferred to the container in which 

the determination is to be carried out. To check that the environment is suitable for the test, 

that the glassware is properly cleaned and that the water to be used is particle-free. the 

following test is carried out: determine the particulate matter in 5 samples of particle-free 

water, each of 5 ml, according to the method described below. If the number of particles of 

I 0 pm or greater size exceeds 25 fi.lr the combined 25 ml, the precautions taken for the test 
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arc not sufficient. The preparatory steps arc repeated until the environment, glassware and 

water arc suitable for the test. 

1001681 The contents of the sample arc mixed by slowly inverting the container 20 times 

successively. lfneccssary, the scaling closure is cautiously removed. The outer surfaces of 

the container opening arc cleaned using a jct of particle-free water and the closure is 

removed, avoiding any contamination of the contents. Gas bubbles are eliminated by 

appropriate measures such as allowing the sample to stand for 2 min or by sonication. 

100169] For small-volume parenteral products less than 25 ml in volume. the contents of 

l 0 or more units arc combined in a cleaned container to obtain a volume of not less than 25 

mL the test solution may be prepared by mixing the contents of a suitable number of vials 

and diluting to 25 ml with particle-free water or with an appropriate particle-free solvent 

when particle-free water is not suitable. Parenteral products having a volume of25 ml or 

more may be tested individually. 

The number oftest specimens is such to afford a statistically sound assessment. For largc­

volumc parcntcrals or for small-volume parcntcrals having a volume of 25 mL or more, 

fewer than JO units may be tested, based on an appropriate sampling plan. 

1001701 Four samples arc removed from the specimen, each of not less than 5 mL, and 

the particles having diameters equal to or greater than each of l 0 pm and 25 ''m arc 

counted. The result obtained for the first sample is disregarded, and the mean number of 

particles for the specimen is calculated. 

Example 5: Svnthesis of Compound 4 

cl CHO 

Cl N N 0 

N,AS 
'=1 

4 

1001711 Compound I (I 00 g; l.O cq) was added to a solution of 25 g of liOH-H20 (0.25 

cq) in 625 ml water and 125 ml EtOH. The resulting slurry was mixed was stirred at 25-

30 °C overnight. The reaction mixture was then filtered and washed with 500 rnL water and 

500 mL EtOH. The solids were then dried at 50 °C overnight in vacuo to afford Compound 

4. 1H NMR (400 MHz, DMSO-dc.): 6 9.95 (s, l H), 8.5 (d, .I 8.4 Hz .. l H), 7.95 (d, .J 4 
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Hz, 1 H), 7.X8 (d . .! = 3.2 Hz, 1 H), 7.46 (d, J = 8.8 Hz, IH); 1'C NMR ( l 25 MHz. DMSO­

dl>): 193.0, l7L2, 162.0, 155.6. 153.7, 152.0, 140.9, 137.9. 124.4. l 19.9, l l0.9, 106.4; MS: 

mlz 3 10, 308 (M+l-1). 

Example 6: Svnthesis of Compound 6 

iliH HCHO 
Cl "N N 0 Cl 

OH OH 

:?' """ :?' """ 
" /, 

N N 0 0 N N Cl 

S),,_N S),,_N N~S 
l=1 l=1 l=1 

4 6 

[00172] Compound 4 (IO g) was taken in 500 mL acetic acid. The resulting slurry was 

stirred for 15 minutes (min) at RT under nitrogen atmosphere. The slurry was then added to 

a 10 L 3-ncckcd round bottom Oask containing 4.5 L of 37'% aqueous formaldehyde 

solution. The resulting slurry was then stirred at 60-62 °C overnight and cooled to 25-30 

0 C. The reaction mixture was then filtered, and the resulting white powder was dried under 

vacuum at 25-30 °C overnight. The solid was re-suspended in 150 mL acetic acid and 

stiITed for 3 days at RT. The resulting slurry was then filtered, and the solids were dried in 

a vacuum overnight to afford Compound 6. 1H NMR (400 MHz. DMSO-d,,) 6 8.38 (d,.!= 

8.8 Hz, 2H). 7.97 (d, .! = 3.6 Hz, 2H), 7.89 (d, .! = 3.6 Hz, 2!-l ), 7.46 (d. J = 8 Hz, 2H), 3.89 

(s, 2H); MS: m/z 571, 573, 575 (M+H). 

100173] Compound 6 was analyzed by polarized light microscopy to assess its 

crystallinity and crystalline habit. Compound 6 appears to be a crystalline powder under 

polarized light microscope as it exhibits strong birefringence. The crystalline habit is that of 

plates 50-100 pm, as isolated from acetic acid. 

Example 7: Preparation of Substantiallv Pure SNS-595 Substance from 2.6-

Dichloronicotinic Acid and N-Boc-3-pvrroline 

1001741 Preparation of Compound I from 2.6-dichloronicotinic acid 

100175] A solution of carbonyldiimidazolc (CDI) ( 16.4 kg) in tctrahydrofuran (THF) was 

added to a slurry of2.6-dichloronicotinic acid (Compound A) (16 kg) in THF. After about 

2 hr, ethyl potassium malonate (Et02CCH2C02K) ( 19.4 kg), tricthylamine (25.9 kg) and 

magnesium chloride (I 1.9 kg) were added and the reaction stirred for about 24 hr. The 

reaction mixture was quenched with dilute HCI and extracted with ethyl acetate. The 
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organic layer was concentrated, washed with a mixture of aqueous NaCl and NaHC01. The 

organic layer was diluted with methylcyclohcxane and dried by vacuum distillation. The 

solution was treated with triethylorthoformatc ( 17.1 kg) and acetic anhydride (59 kg) at 

about 90 to 110 °C. After the reaction was judged to be complete, the excess acetic 

anhydride was removed by distillations with methylcyclohexane. The crnde product was 

treated with a solution of2-aminothiazolc (8.2 kg) in THF. After about 2 hr, the reaction 

mixture was treated with potassium carbonate ( 13.6 kg) and the mixture stirred for about 6 

hr. The product was precipitated by the addition of water. isolated by filtration. washed 

with ACN-water. ACN, and dried to give Compound I (13. l kg). 

0 

~OH 
Cl N"' Cl 

-
A 

0 

~C02Et 
A .. Jl.J Cl N N 

N~S 
'=1 

1001761 Preparation of Compound 2 N-Boc-3-pyrrolinc 

1001771 ( =)-3-Bromo-4-hydroxy-pyrrolidine- l -carboxylic acid, 1err-butyl ester (2 ). 

( Terrahedron A.1ymmel1T, 12 (2002) 2n9-2997) 

1001781 N-Boc-3-pyrrolinc B (296 g. l.75 moles) was added to a slmry of l,3-dibromo-

5,5-dimethylhydantoin (270 g, 0.94 moles) in acctonitrilc (ACN, I 800 mL) and water (296 

mL). while maintaining the temperature of the vessel at 0 to JO °C. After the addition, the 

reaction mixture was warrned to RT and stirred until the reaction was judged to be complete 

(TLC or HPLC). The reaction was quenched by the addition of 5% aqueous sodium 

thiosulfatc solution (600 mL) and the product was extracted with dichloromcthane (2 x 750 

mL). The combined organic layer was washed with water (300 mL) and brine (200 rnL). 

The organic layer was dried over anhydrous Na2SO, (75 g) and concentrated under reduced 

pressure to give Compound B ( 450 g) which was directly used in the next step. 

1001791 6-0xa-3-aza-bicvclo[3. I .Olhcxanc-3-carboxvlic acid. 1er1-butvl ester (Compound 

Q1 An aqueous solution of sodium hydroxide (NaOH, 1.55 L. 2N) was added to 

Compound C (450 g, 1.69 moles) and the reaction was stirred between for 2 hr at about RT. 

The product was extracted with dichloromcthane (2 x l .25 L) and the combined organic 

-54-



layer was washed with water (2' 750 mL) to neutral pH and then dried over anhydrous 

Na2S04 . Evaporation under reduced pressure gave the cpoxide D (291.0 g). 

1001801 (±)-3-Hvdroxv-4-methvlamino-py1rnlidinc- l-carboxylic acid. terr-butyl ester 

(Compound E). Aqueous mcthylamine solution (40% solution. 812 mL, 3.8 mo!) was 

added to the epoxide D ( 140 g, 0.65 mo!) at RT and the reaction was stirred until complete. 

The excess methylamine was removed by distillation under reduced pressure. To the 

residue obtained, diisopropyl ether (800 mL) was added and the mixture stirred for about 30 

min. The solid was filtered, washed with diisopropyl ether (200 mL), then dried to give 

Compound E (l 35 g). 

I 001811 (±)-3-Hydroxy-4-methylamino-pyrrolidine-l -carboxylic acid, ren-buty I ester 

(Compound E), from Compound C. 

1001821 Ten grams (JO g) ofbromohydrin (Compound C) was treated with 40'% aqueous 

mcthylaminc (50 mL) and sodium bicarbonate (3.lg) at RT to give Compound E (8.5 g). 

1001831 Resolution of(± )-3-Hvdroxv-4-mcthvlamino-pvrrolidine-l-carboxylic acid. rert-

butvl ester. using L-(-)-malic acid. The aminoalcohol (Compound E) (100 g, 0.46 moles) 

was dissolved in a mixture of acetone ( 600 mL) and water ( 13 m L) at RT. The reaction 

mixture was heated to about 40 °C and 1.-(-)-malic acid (62 g, 0.48 moles) was added. The 

mixture was heated to about 50 to 55 °C to form a clear solution and then gradually cooled 

to RT and then to 5 to 10 °C. The crystals formed were filtered, washed with acetone (2 x 

70 mL), and dried under reduced pressure to give the malatc salt F (60 g, 37%), with purity 

by chiral HPLC ratio ofSto R cnantiomcrs (S:R) = 100:0. 

1001841 A small sample was analyzed for enantiomeric purity by conversion to 

Compound G and analyzing the resulting Compound G by chiral HPLC (Chiracel OD-H 

SC.522: mobile phase: hexane: IPA 95:5: I mUmin). The retention time for the S­

cnantiomer is 7. 725 min. 

(001851 Resolution of(± )-3-Hvdroxv-4-methylamino-pvrrolidine- I -carboxvlic acid, tert­

butvl ester. using (L)-(-)-pvroglutamic acid. Resolution of Compound E (JO g) with (L)-(-)­

pyroglutamic acid (3.58 g) in acetone (120 mL) and water (4 mL) gave the pyroglutamate 

salt (5.7 g). Crystallization from acetone-water gave 4.2 g of the PGA salt with 94:6 ratio 

of diastcrcomers. An additional recrystallization from acetone-water gave the 

diastcreomerically pure PGA salt (2.3 g, > 99% de). 
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I 001861 Preparation of 3-(rerr-Butoxycarbonyl-methyl-amino)-4-hydroxy-pyrrolidine- I -

carboxylic acid, terr-butyl ester (Compound G) from L-(-)-malic acid salt (Compound F). 

100187] To a mixture of Compound F (57 g, 0.16 moles) in methanol (McOH. 220 ml), 

K2C0.1 (68.0 g, 0.49 moles) was added at RT. Boe anhydride (40 g, 0.18 moles) was added 

dropwise to the reaction mixture over about I hr and the reaction mixture was stirred until 

the reaction was complete (about 2 hr). Methanol was distilled off under reduced pressure 

at about 55 to 60 °C. water (I 50 ml) was added to the reaction mixture and the product was 

extracted with methyl terr-butyl ether (MTBE, 2 x 150 mL). The combined organic layer 

was washed with water (200 ml) and brine (IOO mL). and then dried over anhydrous 

Na 2S04• Concentration under reduced pressure gave Compound G as a white solid (52 g). 

I 00188] 3-( rerr-Butoxycarbonyl-methyl-ami no )-4-methox v-pvrrol idine- 1-carbox v l i c 

acid. rert-butvl ester (Compound H). 

(001891 A suspension of Compound G (52 g. 0.16 mol) in THF (150 ml) was stirred at 

RT for about 30 min and cooled to -10 to -15 °C. A solution of potassium 

hcxamethyldisilylamide (KHMDS, 40 solution in THF .. 144 ml, 0.256 mol) was slowly 

added while controlling the temperature between -5 and-15 °C. After 15 min, dimethyl 

sulfate ( 18.7 mL, 1.20 mo!) was added dropwisc lo the reaction mixture while maintaining a 

temperature between I 0 and 0 °C. and the resulting reaction mixture was then stirred at this 

temperature for about 30 min. The reaction mixture was quenched by the addition of water 

(I 00 mL), followed by acetic acid (50 mL). The product was extracted with methyl rcrr­

butyl ether (2 x 150 mL). The combined organic layer was washed with water (I 00 mL). 

brine (50 mL) and dried over anhydrous Na,S04• Evaporation under reduced pressure gave 

Compound Has an oil (54 g). 

(001901 c~ )-( 4-Methoxv-pvrrolidin-3-vl)-methyl-amine (Compound 2). prepared using 

toluenc-4-sulfonic acid('.'.: I). To a solution of Compound fl (54.0 g, 0.163 moles) in THF 

( 180 ml) and MeOH (90 ml), p-toluene sulfonic acid monohydrate (84 g, 0.442 moles) 

was added and the reaction mixture was heated to 55-60 °C for about 5 hr. at which time the 

deprotection was complete. After cooling to about 40-45 °C, 0.2 g seed crystals of 

Compound 2 was added to the reaction mixture resulting in immediate crystallization. The 

slurry was maintained at 40-45 °C for about 30 minutes and then gradually cooled to 0 -5 
0 C. After agitating for 2 hr at 0 -5 °C, solids were filtered. washed with THF (2' 50 mL), 
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and dried to give the tosylate salt Compound 2 as a white solid (66 g) with HPLC purity~ 

98.9°/,,, 

100191] The HPLC conditions were as follows: Column: Chiralcel AD - H, SC.523: 

mobile phase: Heptane: IPA (0.5%,TFA) ~ 85: 15: flow rate: 1.0 mL/min, and runtime: 20 

mm. 

100192] Compound 2 has the retention time of 12.66 min. Enantiomcric excess of this 

material was greater than 99%cc. 

B 
c D 

E 

-'::-H. ,/~i'i3·-.. ~ :fyk~ 

;\ 
i._ .) 

G 

H 

,_ 
' 
J 

F 

~--*-~<- ~J:-!!\:h 
.---/ 

C:>::">C, 
,>-,::.Ji-! 
• 

( _> • :<TsOH 
l.( 
H 

100193] Preparation of substantially pure SNS-595 substance via rcprocc;;sing. 

100194] To a slurry of Compound 2 (8.0 kg) in ACl\ at about 5 °C, DIPEA (8. 7 kg) is 

added. Aller about 15 min, Compound 1 (5.0 kg) is added to the reaction mixture. The 

reaction mixture is heated to about 45 °C for about 3 hr, cooled and the product filtered. 

The filter cake is washed with ACN and dried to give Compound 3. 

100195] To a solution ofNaOH !0.8 kg) in water (19.5 kg), Compound 3 (5.5 kg) and 

EtOH (0.5 kg) arc added. The reaction mixture is filtered and the filtrate acidified to pH 

7.3-7.7 by the addition of acetic acid. The mixture is then heated to about 55-65 °C for 

about 2 hr. After cooling to ambient temperature, the reaction mixture is filtered and 

washed with water and then with EtOH. The filter cake is dried under vacuum. The crude 

product is slurried in EtOH at about 80 °C. After cooliug, the product is filtered. washed 

with EtOH and dried to give a SNS-595 mixture. 

100196] Next. to a solution ofNaOH (0.2 kg) in water (4.8 kg), the SNS-595 mixture 

obtained above ( J .49 kg) and EtOH (0.13 kg) arc added. The reaction mixture is filtered 
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and the filtrate acidified to pH 7.3-7.7 by the addition of aqueous acetic acid (prepared from 

0.9 kg acetic acid and 2.9 kg water). The mixture is then heated to about 55-65 °C for about 

2 hr. After cooling to ambient temperature, tbe reaction mixture is filtered and washed with 

water and then with EtOH. The filter cake is dried under vacuum. The crude product is 

slurried in EtOH at about 80 °C. After cooling. the product is filtered. washed with EtOH 

and dried to give a substantially pure SNS-595 substance. 

(001971 Preparation ofsubstantiallv pure SNS-595 substance via wet N.N-

diisopropvlethvlamine. 

1001981 To a slurry of Compound 2 (1.55 kg) in acetonitrile (ACN; I 0 L). 

diisopropylcthylamine (DIPEA; 4 L) and water (0.5 L) were added. To the solution. 

Compound I (1 kg) and acetonitrile (1 L) were added and the reaction was stirred for about 

12 hr at RT. The reaction mixture was then heated to about 45 °C for about 2-6 hr. After 

cooling, the product was filtered, washed with ACN (4 L) and dried under vacuum to give 

Compound 3 (Ll kg). flPLC analysis showed this material to contain< 0.1% Compound I. 

1001991 To a solution ofNaOH (0.135 kg) in water (3.3 L). substantially pure Compound 

3 (0.9 kg) and EtOH arc added. After hydrolysis was complete, the reaction mixture was 

filtered and the filtrate acidified to pH 7.3-7.7 by the addition of aqueous acetic acid. The 

mixture was then heated to about 55-65 °C for about 2 hr. After cooling to ambient 

temperature, the reaction mixture was filtered and washed with water and then with EtOH. 

The filter cake is dried under vacuum. The crude product was slurried in EtOH at about ~O 
0 C. After cooling, the product was filtered, washed with EtOH. and dried to give a 

substantially pure SNS-595 substance (0.66 kg). 

[002001 The embodiments of the claimed subject matter described above arc intended to 

be merely exemplary, and those skilled in the art will recognize, or will be able to ascertain 

using no more than routine experimentation, numerous equivalents of specific compounds, 

materials, and procedures. All such equivalents are considered to be within the scope of the 

claimed subject matter and arc encompassed by the appended claims. 
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WHAT IS CLAIMED: 

1. A rroccss for rreraring a substantially pure SNS-595 substance, comprising: 

(a) reacting Compound 3 

with a first aqueous base followed by neutralizing to obtain a primary SNS-

595 hydrate: 

(b) dehydrating the rrimary SNS-595 hydrate from step (a) and reacting the 

dehydrated product with a second aqueous base followed by neutralizing to 

obtain a secondary SNS-595 hydrate: and 

(c) dehydrating the secondary SNS-595 hydrate obtained in step (b) to obtain the 

substantially pure SNS-595 substance. 

The process of claim 1. wherein the first and second aqueous bases arc 

ethanol; the neutralizations ofstcps (a) and (b) arc accomplished with acetic acid: and the 

dehydration of steps (b) and ( c) arc accomplished with ethanol. 

3. The process of claim 2. wherein the substantially pure SNS-595 substance 

obtained from step (c) comprises about 0 to 0.01%, Compound 4 

c,,o¢(" 
SAN 
\=1 

4 

based on total weight of the substantially pure SNS-595 substance. 

4. The process of claim I, wherein Compound 3 is obtained by reaction of 

Compound 1 
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with Compound'.'. 

0 roC02Et 
Cl N N 

SAN 
bl 

l 

MeQ NH Me n •2Ts0H 
N 
H 

2. 

5. A process for preparing substantially pure Compound 3 

0 ffiC02Et 
MeHN-(J N N 

o· NAS 

comprising reacting Compound I 

with Compound 2 

Meo bJ 

3. 

0 

~co2Et 
CIANJlNjJ 

SAN 
'=1 

MeO, NHMe n •2Ts0H 
N 
H 

2 

in the presence ofN,N-diisopropylcthylaminc and water to obtain substantially pure 

Compound 3. 
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6. The process of claim 5, wherein the substantially pure Compound 3 obtained 

comprises from 0 to about 0.1 'X, Compound I 

0 ±co, Et 

Cl N N 

SA,N 
l=1 

based on total weight of substantially pure Compound 3. 

7. A process for preparing a substantially pure SNS-595 substance, comprising: 

(a) reacting Compound I 

with Compound 2 

0 

~co,Et 

~ .. Jl.) 
Ci N N 

SA,N 
l=1 

Meo NH Me 

'c-·-s . 2 TsOH 
N 
H 

2 

in the presence ofN.N-diisopropylcthylaminc and water to obtain substantially pure 

Compound 3 

0 

~C02Et 
~.JlJ 

MeHN--<::J N N 

" NAS 
Meo \=1 

3: 

(b) reacting the substantially pure Compound 3 with an aqueous base followed 

by neutralizing to obtain a primary SNS-595 hydrate: and 
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(c) dehydrating the primary SNS-595 hydrate obtained in step (a) to obtain the 

substantially pure SNS-595 substance. 

~. The process of claim 7, wherein the substantially pure Compound 3 obtained 

comp1ises about 0 to 0. I% Compound I 

based on total weight of the substantially pure Compound 3. 

9. The process of claim 7, wherein the substantially pure SNS-595 substance 

obtained !Tom step (c) comprises about 0 to 0.01°1(, Compound 4 

C<~" 
S,,l.N 
\=1 

4 

based on total weight of the substantially pure S"IS-595 substance. 

I 0. The process of claim 7, wherein the substantiaily pure SNS-595 substance 

obtained from step (b) comprises about 0 to 0.02°;;, Compound 5 

0 0 nJAoH 
Cl N N 

S,,l.N 
\=1 

5 

based on total weight of the substantially pure SNS-595 substance. 
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l l. A composition comprising substantially pure SNS-595 substance, wherein 

the substantially pure SNS-595 substance comprises about 0 to 0.03% Compound 4 

OH 0 

~H 
CIA.NJlNJ,,O 

SAN 
'=1 

4 

based on total weight of the substantially pure S"IS-595 substance. 

12. The composition of claim 11, wherein the substantially pure S"IS-595 

substance comprises about 0 to 0.01 % Compound 4, at the time of production of the 

composition. 

!3. A composition comprising S"IS-595 and about 0 to 0.04 wt'% Compound 5 

0 0 JJ:YoH 
Cl N N 

S,,LN 
'=1 

5. 

14. The composition of claim 13, wherein the substantially pure SNS-595 

substance comprises about 0 to 0.02% Compound 5, at the time of production of the 

composition. 

15. A composition comprising SNS-595 and water, wherein about I 00 mg of 

S"IS-595 is present for every l 0 ml of the composition, the composition is essentially free 

of visible particles. and the composition is stable with respect to visible particles. 

16. The composition of claim 15, wherein the composition consists essentially of 

100 mg SNS-595. 450 mg IJ-sorbitol. water, and methanesulfonic acid, wherein the pH of 

-63-



the composition is about 2.5, and wherein the water is present in an amount to provide a 

total composition volume of l 0 mL. 

17. The composition of claim I I, wherein the composition is stable with respect 

to visible particles when contacted with a compound capable of transforming Compound 4 

OH 0 

nXH 
Cl "N N 0 

SAN 
l=1 

4 

to Compound 6 

OH OH 

~ ....,, 
~ ....,, 

" /, 

Cl N N 0 0 N N Cl 
• 

N.AS SAN 
l=1 l=1 

6. 

l R. The composition of claim 15, wherein the composition is stable for I, 3. 6, 9, 

12. 1 R. 24. 36. or 42 months. 

19. A composition comprising SNS-595 and water. wherein about 100 mg of 

SNS-595 is present for every l 0 ml of the composition, and the composition is stable with 

respect to quantity of sub-visible particles therein. 

20. A composition consisting essentially of SNS-595 and O.O:l wt%. or less 

Compound 4 

OH 0 

nXH 
Cl "N N 0 

SAN 
l=1 
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4. 

21. A composition consisting essentially of SNS-595 and 0.04 wt%, or less 

Compound 5 

0 0 

~OH 
Cl.J,.NJlNJ 

SA,_N 
'=1 

5. 

A composition comprising SNS-595 and 0.07 wt'Y,, or less total Compound 4 

and Compound 5 

0 0 

~H 
Cl.J,.NJlN J,,O 

flYoH 
Cl N N 

SA,_N 
'=1 

4 

SA,_N 
'=1 

5. 

23. A composition comprising SNS-595 and 0.3 mg or less Compound 4 

per gram of SNS-595. 

OH 0 

~H 
Cl.J,.NJlNJ,,O 

SA,_N 
"==1 
4 

24. A composition comprising SNS-595 and 0.4 mg or less Compound 5 
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per gram of SNS-595. 

0 0 

nYOH 
Cl N N 

SAN 
bl 

5 

25. A composition comprising SNS-595 and 0.7 mg or less total Compound 4 

and Compound 5 

OH 0 

~H 
Cl~NJlNJ,,O 

per gram of SNS-595. 

SAN 
bl 

4 5 

26. A composition comprising SNS-595 and less than or equal to 0.15'>(, of 

compound 7 

0 0 

HO,~ ~co,H 
l .. ,l.A ~. Jl J 7 N /N...._/'N ~ N 
A H,c \._J l 

~· "ti f rs 
\=1 CH 30 \=.f 

7 

based on total weight of the composition. 

27. An aqueous solution consisting essentially of: 

(a) l 0 g of a substantially pure SNS-595 substance comprising SNS-595 and 

Compound 4 wherein the substantially pure SNS-595 substance contains 3 mg or 

less Compound 4 per gram 
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OH 0 

~H 
Cl),.NJlN,,l.O 

(b) 4.5 g ofsorbitol: and 

S),,N 
bl 

4 

(c) sufficient mcthancsulfonic acid to provide a pH of2.5: 

per I 00 ml of the solution. 

21\. A product comprising a container containing I 0 ml of the solution of claim 

29. An aqueous solution consisting essentially of: 

(a) 10 g of a substantially pure SNS-595 substance consisting of SNS-

595 and Compound 5 

wherein the substantially pure SNS-595 substance contains 4 mg or less Compound 

5 per gram: 

(b) 4.5 g of sorbitol: and 

( c) sufficient mcthanesulfonic acid to provide a pH of 2.5: 

per 100 ml of the solution. 

30. A product comprising a container containing I 0 ml of the .solution of claim 

27. 

3 I. An aqueous solution consisting essentially of: 
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(a) 10 g of a substantially pure SNS-595 substance consisting of SNS-

595, Compound 4 and Compound 5 

OH 0 

~H 
Cl,h.NJlN,lO 

SA,_N 
bl 

4 

0 0 nJAoH 
Cl N N 

SA,_N 
bl 

5 

wherein the substantially pure SNS-595 substance contains 7 mg or less total 

Compound 4 and Compound 5 combined per gram; 

(b) 4.5 g of sorbitol: and 

(c) sufficient methancsulfonic acid to provide a pH of2.5: 

per 100 ml of the solution. 

32. A product comprising a container containing 10 ml of the solution of claim 

29. 
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