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DESCRIPTION
BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to stabilized sulforaphane, and analogs thereof. 
The present invention further relates generally to methods of stabilizing sulforaphane and 
analogs thereof.

[0002] Isothiocyanates, such as phenethyl isothiocyanate (PEITC) and sulforaphane, have 
been shown to inhibit carcinogenesis and tumorigensis and as such are useful 
chemopreventive agents against the development and proliferation of cancers. These 
compounds work on a variety of levels. Most notably, they have been shown to inhibit 
carcinogenesis through inhibition of cytochrome P450 enzymes, which oxidize compounds 
such as benzo[a]pyrene and other polycyclic aromatic hydrocarbons (PAHs) into more polar 
epoxy-diols which can then cause mutation and induce cancer development. Phenethyl 
isothiocyanate (PEITC) has been shown to induce apoptosis in certain cancer cell lines, and in 
some cases, is even able to induce apoptosis in cells that are resistant to some currently used 
chemotherapeutic drugs.

[0003] Sulforaphane, as discussed above, is known as an anticancer and antimicrobial 
compound found in cruciferous vegetables such as cabbage, broccoli, broccoli sprouts, brussel 
sprouts, cauliflower, cauliflower sprouts, bok choy, kale, collards, arugula, kohlrabi, mustard, 
turnip, red radish and watercress. In the plant, it is present in bound form as glucoraphanin, a 
glucosinolate. Sulforaphane is often formed from glucoraphanin on plant cell damage via an 
enzymatic reaction.

[0004] Various synthetic methods of producing sulforaphane are known in the art. 
Sulforaphane was synthesized as early as 1948 by Schimd and Karrer (Schimd H. and Karrer, 
P; Helvetica Chimica Acta. 1948; 31; 6: 1497-1505). The Schimd synthesis results in a racemic 
mixture. Other methods of synthesizing sulforaphane developed since 1948 also tend to result 
in racemic mixtures of sulforaphane. Additionally, sulforaphane is known as an unstable oil. 
Due to its instability, sulforaphane is difficult to manufacture and distribute.

[0005] Cyclodextrins are a family of cyclic oligosaccharides composed of 5 or more a-D- 
glucopyranoside units linked 1-4. The largest well-characterized cyclodextrin contains 32 1,4- 
anhydroglucopyranoside units, while (as a poorly characterized mixture) 150 membered cyclic 
oligosaccharides (and greater) are also known.

[0006] Cyclodextrins are able to form host-guest complexes with hydrophobic molecules given 
the unique nature imparted by their structure. Cyclodextrins include an exterior that is 
sufficiently hydrophilic to impart water solubility to the cyclodextrin. The interior of the 
cyclodextrin is known to be hydrophilic, but can be considered hydrophobic with respect to the
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exterior of the cyclodextrin.

[0007] The natural cyclodextrins, in particular beta-cyclodextrin, have limited aqueous solubility 
and their complex formation with lipophilic drugs often results in precipitation of solid drug- 
cyclodextrin complexes. Thus, the solubility of beta-cyclodextrin in water is only about 18.5 
mg/ml_ at room temperature. This low aqueous solubility is, at least partly, associated with 
strong intramolecular hydrogen bonding in the cyclodextrin crystal lattice. Substitution of any of 
the hydrogen bond-forming hydroxyl groups, even by hydrophobic moieties such as methoxy 
groups, will increase the aqueous solubility of beta-cyclodextrin. In addition, since these 
manipulations frequently produce large numbers of isomeric products, chemical modification 
can transform the crystalline cyclodextrins into amorphous mixtures increasing their aqueous 
solubility.

[0008] Cyclodextrin derivatives of current pharmaceutical interest include the hydroxypropyl 
derivatives of alpha-, beta- and gamma-cyclodextrin, sulfoalkylether cyclodextrins such as 
sulfobutylether beta-cyclodextrin, alkylated cyclodextrins such as the randomly methylated 
beta-cyclodextrin, and various branched cyclodextrins such as glucosyl-and maltosyl-beta- 
cyclodextrin (T. Loftsson and Μ. E. Brewster, "Cyclodextrins as pharmaceutical excipients", 
Pharm. Technol. Eur., 9(5), 26-34 (1997); T. Loftsson and Μ. E. Brewster, "Pharmaceutical 
applications of cyclodextrins. I. Drug solubilization and stabilization", J. Pharm. Sei. 85(10), 
1017-1025 (1996); R. A. Rajewski and V. J. Stella, "Pharmaceutical applications of 
cyclodextrins. 2. In vivo drug delivery", J. Pharm. Sei. 85(11), 1142-1169 (1996); T. Irie and K. 
Uekama, "Pharmaceutical applications of cyclodextrins. 3. Toxicological issues and safety 
evaluation", J. Pharm. Sei., 86(2), 147-162 (1997); V. J. Stella and R. A. Rajewski, 
"Cyclodextrins: their future in drug formulation and delivery", Pharm. Res., 14(5), 556-567 
(1997); T. Loftsson, "Increasing the cyclodextrin complexation of drugs and drug bioavailability 
through addition of water-soluble polymers", Pharmazie, 53, 733-740 (1998)).

[0009] In aqueous solutions, cyclodextrins form complexes with many drugs through a process 
in which the water molecules located in the central cavity are replaced by either the whole drug 
molecule, or more frequently, by some lipophilic portion of the drug structure. Once included in 
the cyclodextrin cavity, the drug molecules may be dissociated through complex dilution, by 
replacement of the included drug by some other suitable molecule (such as dietary lipids or 
bile salts in the Gl tract) or, if the complex is located in close approximation to a lipophilic 
biological membrane (such as the mucosal membrane of the Gl tract), the drug may be 
transferred to the matrix for which it has the highest affinity. Importantly, since no covalent 
bonds are formed or broken during the drug-cyclodextrin complex formation, the complexes 
are in dynamic equilibrium with free drug and cyclodextrin molecules (R. A. Rajewski and V. J. 
Stella, "Pharmaceutical applications of cyclodextrins. 2. In vivo drug delivery", J. Pharm. Sei. 
85(11), 1142-1169 (1996)).

[0010] Various methods have been applied to the preparation of drug-cyclodextrin complexes
(T. Loftsson and Μ. E. Brewster, "Pharmaceutical applications of cyclodextrins. I. Drug
solubilization and stabilization", J. Pharm. Sei. 85(10), 1017-1025 (1996); T. Loftsson and Μ. E.
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Brewster, "Cyclodextrins as pharmaceutical excipients", Pharm. Technol. Eur., 9(5), 26-34 
(1997)). In solution, the complexes are usually prepared by addition of an excess amount of 
the drug to an aqueous cyclodextrin solution. The suspension formed is equilibrated (for 
periods of up to one week at the desired temperature) and then filtered or centrifuged to form 
a clear drug-cyclodextrin complex solution. Since the rate determining step in complex 
formation is often the phase to phase transition of the drug molecule, it is sometimes possible 
to shorten this process by formation of supersaturated solutions through sonication followed by 
precipitation.

[0011] For preparation of the solid complexes, the water may be removed from the aqueous 
drug-cyclodextrin solutions by evaporation or sublimation, e.g. spray-drying or freeze-drying. 
Other methods can also be applied to prepare solid drug-cyclodextrin complexes including 
kneading methods, co-precipitation, neutralization and grinding techniques. In the kneading 
method, the drug is added to an aqueous slurry of a poorly water-soluble cyclodextrin such as 
beta-cyclodextrin. The mixture may be thoroughly mixed, often at elevated temperatures, to 
yield a paste which is then dried. This technique can frequently be modified so that it can be 
accomplished in a single step with the aid of commercially available mixers which can be 
operated at temperatures over 100 °C and under vacuum. The kneading method is a cost- 
effective means for preparing solid cyclodextrin complexes of poorly water-soluble drugs. Co
precipitation of a cyclodextrin complex through addition of organic solvent is also possible. 
Unfortunately, the organic solvents used as precipitants often interfere with complexation which 
makes this approach less attractive than the kneading method. It has been discovered that 
some organic solvents under some specific conditions, e.g. 10% (v/v) aqueous acetic acid 
solution, can enhance the complexation. Solid complexes of ionizable drugs can sometimes be 
prepared by the neutralization method wherein the drug is dissolved in an acidic (for basic 
drugs) or basic (for acidic drugs) aqueous cyclodextrin solution. The solubility of the drug is 
then lowered through appropriate pH adjustments (i.e. formation of the un-ionized drug) to 
force the complex out of solution. Finally, solid drug-cyclodextrin complexes can be formed by 
the grinding of a physical mixture of the drug and cyclodextrin and then heating the mixture in 
a sealed container to 60 to 90 °C.

SUMMARY OF THE INVENTION

[0012] In one aspect, the invention is a composition comprising a complex of sulforaphane and 
alpha-cyclodextrin.

[0013] Also described herein, is a composition including a complex of an analog of 
sulforaphane and a cyclodextrin.

[0014] In another aspect, the invention is a pharmaceutical composition. The pharmaceutical 
composition comprises a complex of alpha-cyclodextrin and sulforaphane, and an excipient.

[0015] Also described herein is a nutraceutical composition. The nutraceutical composition 
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includes a complex of cyclodextrin and sulforaphane, or an analog of sulforaphane, and an 
excipient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Figure 1 is a representative reaction scheme.

Figure 2 is a representative reaction scheme.

Figure 3 is a table showing stabilization data of formulations formed 
present invention and stored at room temperature.

in accordance with the

Figure 4 is a table showing stabilization data of formulations formed 
present invention and stored in open containers at 40 °C.

in accordance with the

Figure 5 is a table showing stabilization data of formulations formed 
present invention and stored in a freezer.

in accordance with the

Figure 6 is a table showing long-term stabilization data of alphaB compositions in accordance 
with the present invention.

Figure 7 is a table showing long-term stabilization data of alphaC compositions in accordance 
with the present invention.

Figure 8 is a table showing long-term stabilization data of betaB compositions.

DETAILED DESCRIPTION OF SEVERAL EMBODIMENTS

[0017] Figure 1 represents an improved method of forming sulforaphane. As described herein, 
potassium phthalimide and tetramethylene dibromide may be combined to form 
bromobutylphthalimide (Intermediate A). The bromobutylphthalimide may then be combined 
with methyl mercaptan (MeSH) in the presence of methanol and sodium to form Intermediate 
B. After drying, Intermediate B may be combined with hydrogen peroxide and methyl tert-butyl 
ether (MTBE) to form a racemic mixture of Intermediate C.

[0018] To form an enantiomerically rich Intermediate C (Figure 2), and ultimately an 
enantiomerically rich sulforaphane, the asymmetric oxidation (modified Sharpless) reaction 
may include the addition of a Sharpless reagent, such as a 1:1:2 mixture of titanium (IV) 
isopropoxide, diethyl tartrate, and t-butylhydroperoxide. As described herein, the Sharpless 
reagent may be a 1:2:1:1 mixture of titanium (IV) isopropoxide, diethyl tartrate, water, and t- 
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butylhydroperoxide at -20 °C in a solvent, such as dichloromethane. Those having ordinary 
skill in the art will recognize that diethyl tartrate should be used in an enantiomerically pure 
form to produce the enatiomerically rich sulforaphane. Accordingly, the (+) or (-) isomer should 
be chosen, depending on the desired chirality of sulforaphane. The oxidation is typically 
performed under reduced temperature (i.e., less than about 0 °C) in dichloromethane.

[0019] Intermediate C (either the racemic mixture or the enantiomerically pure version, 
depending on the desired sulforaphane) may then be combined with methylamine in ethanol to 
form Intermediate D. Finally, Intermediate D may be combined with chloroform, sodium 
hydroxide, and thiophosgene to form sulforaphane.

[0020] In an aspect, the invention is a composition including a complex of sulforaphane and 
alpha-cyclodextrin. As also described herein, suitable cyclodextrins may be selected from one 
or more of W6 (alpha) cyclodextrin (a six sugar ring molecule), W7 (beta) cyclodextrin (a seven 
sugar ring molecule), W8 (gamma) cyclodextrin (an eight sugar ring molecule), and mixtures 
thereof.

[0021] In one embodiment, the sulforaphane may be an enantiomerically rich sulforaphane. In 
another embodiment, the sulforaphane may be a raceimic mixture. In yet another embodiment, 
any ratio of enantiomers of sulforaphane may be present in the complex.

[0022] When utilizing analogs of sulforaphane, suitable analogs include, but are not limited to, 
6-isothiocyanato-2-hexanone, exo-2-acetyl-6-isothiocyanatonorbornane, exo-2-isothiocyanato- 
6-methylsulfonylnorbornane, 6-isothiocyanato-2-hexanol, 1 -isothiocyanato-4-
dimethylphosphonylbutane, exo-2-(1'-hydroxyethyl)-5-isothiocyanatonorborane, exo-2-acetyl- 
5-isothiocyanoatonorbornane, 1-isothiocyanato-5-methylsulfonylpentane, and cis-or trans-3- 
(methylsulfonyl)cyclohexylmethylisothiocyanate, and mixtures thereof.

[0023] As also described herein, the compositions of the present invention may include 
complexes of cyclodextrin with sulforaphane and analogs of sulforaphane.

[0024] Also described herein is a method of stabilizing sulforaphane and analogs thereof. The 
method includes contacting sulforaphane, or an analog thereof, and at least one cyclodextrin 
to form a complex between the sulforaphane, or analog thereof, and cyclodextrin.

[0025] The step of contacting sulforaphane, or an analog thereof, with at least one cyclodextrin 
may include dissolving or suspending cyclodextrin in a solvent or mixture of solvents to form a 
first solution or suspension. Similarly, sulforaphane, or an analog thereof, may be dissolved or 
suspended in the same or different solvent or mixture of solvents to form a second solution or 
suspension. The first solution or suspension may then be combined to form the present 
complex between sulforaphane, or an analog thereof, and the at least one cyclodextrin. The 
complex may then be separated from the solution and optionally purified, resulting in a 
complex of stabilized sulforaphane.
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[0026] The step of contacting sulforaphane, or an analog thereof, with at least one cyclodextrin 
may alternatively include dissolving or suspending at least one cyclodextrin in a solvent or 
mixture of solvents to form a solution or suspension, and then adding sulforaphane, or an 
analog thereof, to the solution or suspension to form the present complex.

[0027] Additionally, the step of contacting sulforaphane, or an analog thereof, with at least one 
cyclodextrin may be conducted by other methods. For example, a solvent may be utilized 
which will fully dissolve both the sulforaphane, or analog thereof, and the cyclodextrinAs also 
described herein, the cyclodextrin may be dissolved or suspended in a solvent or mixture of 
solvents and then placed on the rotovap. The sulforaphane, or analog thereof, may then be 
sprayed directly into the solution or suspension, either as a neat form or as a solution or 
suspension of sulforaphane, or an analog thereof, in a solvent or mixture of solvents.

[0028] The contacting step may also be accomplished by use of a biphasic solvent system. For 
example, the sulforaphane, or analog thereof, may be combined in separate, immiscible 
solvents (either as suspensions or in solution). The immiscible solvents may then be 
thoroughly mixed until a complex is formed. The complex may then be isolated via one of the 
isolation techniques discussed herein.

[0029] It may be desirable to conduct the contact step in the absence of solvents. For 
example, in a spray drying technique, a mist of sulforaphane, or an analog thereof, may be 
sprayed or misted on neat cyclodextrin to produce the present complex.

[0030] As also described herein, the step of dissolving or suspending cyclodextrin includes 
dissolving or suspending a cyclodextrin selected from one or more of W6 (alpha) cyclodextrin, 
W7 (beta) cyclodextrin, W8 (gamma) cyclodextrin, and combinations thereof. The step of 
dissolving or suspending a cyclodextrin may also include dissolving or suspending one or more 
of other cyclodextrins known in the art.

[0031] Additionally, the step of dissolving or suspending cyclodextrin may include dissolving or 
suspending cyclodextrin in a solvent selected from the group including weakly non-polar to 
polar solvents. Suitable solvents contemplated as useful in accordance with the present 
invention include one or more of water, methanol, ethanol, n-propanol, iso-propanol, n-butanol, 
sec-butanol, iso-butanol, tert-butanol, high molecular weight alcohols, dimethyl formamide, 
diethyl formamide, ethylene glycol, triethyleneglyclol, glycerin, polyethyleneglycol, formic acid, 
acetic acid, formamide, acetone, tetrahydrofuran, dioxane, methyl ethyl ketone, high molecular 
weight ketones, ethyl acetate, acetonitrile, Ν,Ν-dimethylacetimide, dimethyl sulfoxide, carbon 
disulfide, hexane, hexane isomers, cyclohexane, heptane, heptane isomers, Cs-C-iß solvents, 

mineral oil, diethyl ether, methyl tert-butyl ether, methylene chloride, chloroform, carbon 
tetrachloride, benzene, nitrobenzene, toluene, and mixtures thereof.

[0032] Solvents having a dielectric constant greater than about 5.0 are contemplated as useful
in accordance with the present invention for forming suspensions. Solvents having a dielectric
constant greater than about 20.0 are contemplated as useful in accordance with the present
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invention from forming solutions. Without being bound by theory, it is believed that the most 
useful solvents are weakly non-polar solvents, such as ethyl acetate and dichloromethane.

[0033] Sulforaphane and sulforaphane analogs contemplated as useful for forming the present 
complexes include one or more of sulforaphane, 6-isothiocyanato-2-hexanone, exo-2-acetyl-6- 
isothiocyanatonorbornane, exo-2-isothiocyanato-6-methylsulfonylnorbornane, 6-
isothiocyanato-2-hexanol, 1 -isothiocyanato-4-dimethylphosphonylbutane, exo-2-(1 '- 
hydroxyethyl)-5-isothiocyanatonorborane, exo-2-acetyl-5-isothiocyanoatonorbornane, 1 - 
isothiocyanato-5-methylsulfonylpentane, and cis-or trans-3-
(methylsulfonyl)cyclohexylmethylisothiocyanate, and mixtures thereof.

[0034] The optional step of removing the complex from solution may be conducted by 
processes known in the art as being useful in separation techniques. Separation techniques 
contemplated as useful in the present invention may include one or more of precipitation, 
filtration, evacuation, lyophilization (freeze drying), spray drying, and distillation. As also 
described herein, the complex may be precipitated from solution by adding an alcohol, such as 
ethanol, to the solution.

[0035] As also described herein, the sulforaphane may be sprayed onto cyclodextrin in a 
tumble drier. As described herein, the sprayed sulforaphane may be pure or in solution. 
Similarly, the cyclodextrin may be pure or may be in solution.

[0036] Each dissolving step may be conducted at temperatures suitable to the selected 
solvent. For example, the solubility of cyclodextrin and sulforaphane in some solvents may 
require elevated temperatures, whereas the solubility of cyclodextrin and sulforaphane in other 
solvents may require lower temperatures. As described herein, the solubility of cyclodextrin 
and sulforaphane may enable dissolving at room temperature. Those having ordinary skill in 
the art will recognize the relationship between cyclodextrin and sulforaphane and the selected 
solvents, and will be capable of making a temperature determination based on the recognized 
relationship.

[0037] The stabilized sulforaphane formed in accordance with the present invention may be 
stored at room temperature, at elevated temperatures, or at temperatures below room 
temperature. The stabilized sulforaphane stored at temperatures below about room 
temperature demonstrated the most stability (as seen in Figure 5), but the stabilized 
sulforaphane showed improved stability over non-stabilized sulforaphane at all temperatures.

[0038] Sulforaphane, like most isothiocyanates, is known in the art as being a hydrophilic 
molecule. Accordingly, those having ordinary skill in the art would expect a complex of 
sulforaphane and cyclodextrin to be more water soluble than cyclodextrin alone. Unexpectedly, 
the present inventors discovered that a complex of sulforaphane and cyclodextrin is actually 
less soluble than cyclodextrin alone. The reduced solubility further enables separation of the 
complex from solution, with uncomplexed cyclodextrin remaining in the solution.
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[0039] Without being bound by theory, it is believed that the sulforaphane, although a 
hydrophilic molecule, is actually hydrophobic with respect to cyclodextrin. Stated differently, 
sulforaphane, and its analogs, appears to be less hydrophilic than other isothiocyanates. 
Accordingly, when complexed into the relatively hydrophobic center of the cyclodextrins, the 
overall complex loses water solubility, enabling separation.

[0040] Also described herein, is stabilized sulforaphane for use in providing anticancer and/or 
antimicrobial treatments to a subject in need of such treatment.

[0041] For ease of reference, the present invention will be described with reference to 
administration to human subjects. It will be understood, however, that such descriptions are not 
limited to administration to humans, but will also include administration to other animals, such 
as mammals, unless explicitly stated otherwise. For example, besides being useful for human 
treatment, these combinations are also useful for treatment of mammals, including horses, 
dogs, cats, rats, mice, sheep, pigs, etc.

[0042] A first component of the use is sulforaphane, or an analog thereof, stabilized in 
accordance with the methods discussed above. The components can be of any purity or 
grade, as long as the preparation is of a quality and stability suitable for pharmaceutical use. 
The components can be provided in pure form, or they can be accompanied with impurities or 
commonly associated compounds that do not affect their physiological activity or safety.

[0043] The use may further include administration of other pharmaceutically acceptable 
components. The term "pharmaceutically acceptable" is used adjectivally herein to mean that 
the modified noun is appropriate for use in a pharmaceutical product.

[0044] When the present stabilized sulforaphane is supplied along with a pharmaceutically 
acceptable carrier, a pharmaceutical composition is formed.

[0045] Described herein is a pharmaceutical composition for use in the prevention or treatment 
of the disorders described herein. The pharmaceutical composition comprises stabilized 
sulforaphane, or an analog thereof, and at least one pharmaceutically acceptable carrier, or 
pharmaceutically acceptable excipient, which terms can be used interchangeably herein.

[0046] Pharmaceutically acceptable carriers and excipients are chosen such that side effects 
from the pharmaceutical compound(s) are minimized and the performance of the compound(s) 
is not canceled or inhibited to such an extent that treatment is ineffective.

[0047] The pharmaceutically acceptable carrier can also be selected on the basis of the 
desired route of administration of the compound(s). The desired route of administration may 
be one or more of oral, enteral, parenteral, injectable, buccal, and topical. For example, in one 
aspect the carrier is suitable for oral administration. In some aspects, the composition includes 
a carrier or additional agent that is suitable for promoting delivery of the compound(s) to the 
gastrointestinal or intestinal tract.



DK/EP 3354267 T3

[0048] The carrier should be acceptable in the sense of being compatible with the other 
ingredients of the composition and not be deleterious to the recipient. The carrier can be a 
solid or a liquid, or both, and is preferably formulated with the compound(s) as a unit-dose 
composition, for example, a tablet, which can contain from 0.01% to 95% by weight of the 
active compound(s).

[0049] The pharmaceutical compositions of the invention can be prepared by any of the well- 
known techniques of pharmacy, for example, by admixing the components.

[0050] Whether the therapeutic compounds ofthe present invention are administered enterally 
or parenterally, separately or together, each therapeutic compound may be contained in a 
suitable pharmaceutical formulation of any of the pharmaceutically-acceptable excipients, 
diluents or other formulations components described herein.

[0051] Pharmaceutically acceptable carriers include, but are not limited to, physiological saline, 
Ringer's, phosphate solution or buffer, buffered saline, and other carriers known in the art. 
Pharmaceutical compositions may also include stabilizers, anti-oxidants, colorants, and 
diluents. Pharmaceutically acceptable carriers and additives are chosen such that side effects 
from the pharmaceutical compound are minimized and the performance of the compound is 
not canceled or inhibited to such an extent that treatment is ineffective. The term 
"pharmacologically effective amount" shall mean that amount of a drug or pharmaceutical 
agent that will elicit the biological or medical response of a tissue, system, animal or human 
that is being sought by a researcher or clinician. This amount can be a therapeutically effective 
amount.

[0052] The present pharmaceutical compositions may be administered enterally and/or 
parenterally. Parenteral administration includes subcutaneous, intramuscular, intradermal, 
intravenous, and other administrative methods known in the art. Enteral administration includes 
solution, tablets, sustained release capsules, enteric coated capsules, syrups, beverages, 
foods, and other nutritional supplements. When administered, the present pharmaceutical 
composition may be at or near body temperature.

[0053] In particular, the pharmaceutical compositions ofthe present invention, or compositions 
in which they are included, can be administered orally, for example, as tablets, coated tablets, 
dragees, troches, lozenges, aqueous or oily suspensions, dispersible powders or granules, 
emulsions, hard or soft capsules, or syrups or elixirs. Compositions intended for oral use may 
be prepared according to any method known in the art for the manufacture of pharmaceutical 
compositions and such compositions may contain one or more agents selected from the group 
consisting of sweetening agents, flavoring agents, coloring agents and preserving agents in 
order to provide pharmaceutically elegant and palatable preparations. Tablets contain the 
active ingredient in admixture with non-toxic pharmaceutically acceptable excipients which are 
suitable for the manufacture of tablets. These excipients may be, for example, inert diluents, 
such as calcium carbonate, sodium carbonate, lactose, calcium phosphate or sodium 
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phosphate; granulating and disintegrating agents, for example, maize starch, or alginic acid; 
binding agents, for example starch, gelatin, or acacia, and lubricating agents, for example 
magnesium stearate, stearic acid or talc. The tablets may be uncoated or they may be coated 
by known techniques to delay disintegration and adsorption in the gastrointestinal tract and 
thereby provide a sustained action over a longer period. For example, a time delay material 
such as glyceryl monostearate or glyceryl distearate may be employed.

[0054] Formulations for oral use may also be presented as hard gelatin capsules wherein the 
active ingredients are mixed with an inert solid diluent, for example, calcium carbonate, calcium 
phosphate or kaolin, or as soft gelatin capsules wherein the active ingredients are present as 
such, or mixed with water or an oil medium, for example, peanut oil, liquid paraffin, any of a 
variety of herbal extracts, milk, or olive oil.

[0055] Aqueous suspensions can be produced that contain the active materials in admixture 
with excipients suitable for the manufacture of aqueous suspensions. Such excipients are 
suspending agents, for example, sodium carboxymethylcellulose, methylcellulose, 
hydroxypropylmethyl-cellulose, sodium alginate, polyvinylpyrrolidone gum tragacanth and gum 
acacia; dispersing or wetting agents may be naturally-occurring phosphatides, for example 
lecithin, or condensation products of an alkylene oxide with fatty acids, for example 
polyoxyethylene stearate, or condensation products of ethylene oxide with long chain aliphatic 
alcohols, for example heptadecaethyleneoxycetanol, or condensation products of ethylene 
oxide with partial esters derived from fatty acids and a hexitol such as polyoxyethylene sorbitol 
monooleate, or condensation products of ethylene oxide with partial esters derived from fatty 
acids and hexitol anhydrides, for example polyoxyethylene sorbitan monooleate.

[0056] The aqueous suspensions may also contain one or more preservatives, for example, 
ethyl or n-propyl p-hydroxybenzoate, one or more coloring agents, one or more flavoring 
agents, or one or more sweetening agents, such as sucrose or saccharin.

[0057] Oily suspensions may be formulated by suspending the active ingredients in an omega- 
3 fatty acid, a vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a 
mineral oil such as liquid paraffin. The oily suspensions may contain a thickening agent, for 
example beeswax, hard paraffin or cetyl alcohol.

[0058] Sweetening agents, such as those set forth above, and flavoring agents may be added 
to provide a palatable oral preparation. These compositions may be preserved by the addition 
of an antioxidant such as ascorbic acid.

[0059] Dispersible powders and granules suitable for preparation of an aqueous suspension 
by the addition of water provide the active ingredient in admixture with a dispersing or wetting 
agent, a suspending agent and one or more preservatives. Suitable dispersing or wetting 
agents and suspending agents are exemplified by those already mentioned above. Additional 
excipients, for example sweetening, flavoring and coloring agents, may also be present.
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[0060] Syrups and elixirs containing the present combination therapy may be formulated with 
sweetening agents, for example glycerol, sorbitol or sucrose. Such formulations may also 
contain a demulcent, a preservative, and flavoring and coloring agents.

[0061] The subject method and compositions in which it may be utilized can also be 
administered parenterally, either subcutaneously, or intravenously, or intramuscularly, or 
intrasternally, or by infusion techniques, in the form of sterile injectable aqueous or olagenous 
suspensions, or topically. Such suspensions may be formulated according to the known art 
using those suitable dispersing or wetting agents and suspending agents which have been 
mentioned above, or other acceptable agents. The sterile injectable preparation may also be a 
sterile injectable solution or suspension in a non-toxic parenterally-acceptable diluent or 
solvent, for example as a solution in 1,3-butanediol. Among the acceptable vehicles and 
solvents that may be employed are water, Ringer's solution and isotonic sodium chloride 
solution. In addition, sterile, fixed oils are conventionally employed as a solvent or suspending 
medium. For this purpose, any bland fixed oil may be employed including synthetic mono- or 
diglycerides. In addition, n-3 polyunsaturated fatty acids may find use in the preparation of 
injectables;

[0062] In many cases, the preferred route of administration is enteral (e.g., orally). Oral 
administration includes solution, tablets, sustained release capsules, enteric-coated capsules, 
and syrups. The pharmaceutical composition may be administered in dosage unit formulations 
containing conventional nontoxic pharmaceutically acceptable carriers, adjuvants, and vehicles 
as desired.

[0063] Compositions intended for oral use may be prepared according to any method known in 
the art for the manufacture of pharmaceutical compositions and such compositions may 
contain one or more agents selected from the group consisting of sweetening agents, flavoring 
agents, coloring agents and preserving agents in order to provide pharmaceutically elegant 
and palatable preparations.

[0064] The pharmaceutically acceptable carrier can also be selected on the basis of the 
desired route of administration of the compound(s). For example, in a preferred embodiment 
the carrier is suitable for oral administration. In some embodiments, the composition includes a 
carrier or additional agent that is suitable for promoting delivery of the compound(s) to the 
gastrointestinal or intestinal tract.

[0065] The carrier should be acceptable in the sense of being compatible with the other 
ingredients of the composition and not be deleterious to the recipient. The carrier can be a 
solid or a liquid, or both, and is preferably formulated with the compound(s) as a unit-dose 
composition, for example, a tablet, which can contain from 0.01% to 95% by weight of the 
active compound(s).

[0066] The pharmaceutical compositions of the invention can be prepared by any of the well-
known techniques of pharmacy, for example, by admixing the components.
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[0067] Tablets contain the active ingredient in admixture with non-toxic pharmaceutically 
acceptable excipients, which are suitable for the manufacture of tablets. These excipients may 
be, for example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium 
phosphate or sodium phosphate, granulating and disintegrating agents, for example, maize 
starch, or alginic acid, binding agents, for example starch, gelatin or acacia, and lubricating 
agents, for example magnesium stearate, stearic acid, or talc.

[0068] Pharmaceutical compositions suitable for oral administration can be presented in 
discrete units each containing a predetermined amount of at least one therapeutic compound 
useful in the present invention; as a powder or granules; as a solution or a suspension in an 
aqueous or nonaqueous liquid; or as an oil-in-water or water-in-oil emulsion. As indicated, such 
compositions can be prepared by any suitable method of pharmacy, which includes the step of 
bringing into association the active compound(s) and the carrier (which can constitute one or 
more accessory ingredients). In general, the compositions are prepared by uniformly and 
intimately admixing the active compound with a liquid or finely divided solid carrier, or both, and 
then, if necessary, shaping the product.

[0069] For example, a tablet can be prepared by compressing or molding a powder or 
granules of the compound, optionally with one or more accessory ingredients. Compressed 
tablets can be prepared by compressing, in a suitable machine, the compound in a free-flowing 
form, such as a powder or granules optionally mixed with a binder, lubricant, inert diluent 
and/or surface active/dispersing agent(s). Molded tablets can be made by molding, in a 
suitable machine, the powdered compound moistened with an inert liquid diluent.

[0070] Oral delivery of the combinations of the present invention can include formulations, as 
are well known in the art, to provide prolonged or sustained delivery of the drug to the 
gastrointestinal and/or intestinal tract by any number of mechanisms. These include, but are 
not limited to, pH sensitive release from the dosage form based on the changing pH of the 
small intestine, slow erosion of a tablet or capsule, retention in the stomach based on the 
physical properties of the formulation, bioadhesion of the dosage form to the mucosal lining of 
the intestinal tract, or enzymatic release of the active drug from the dosage form. For some of 
the therapeutic compounds useful in the methods, combinations and compositions of the 
present invention the intended effect is to extend the time period over which the active drug 
molecule is delivered to the site of action by manipulation of the dosage form. Thus, enteric- 
coated and enteric-coated controlled release formulations are within the scope of the present 
invention. Suitable enteric coatings include cellulose acetate phthalate, polyvinylacetate 
phthalate, hydroxypropylmethylcellulose phthalate and anionic polymers of methacrylic acid 
and methacrylic acid methyl ester.

[0071] In certain embodiments, the pharmaceutical composition may comprise tablets that 
may be uncoated or they may be coated by known techniques to delay disintegration and 
absorption in the gastrointestinal tract and thereby provide a delayed action over a longer 
period. For example, a time delay material such as glyceryl monostearate or glyceryl distearate 
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may be employed.

[0072] Syrups and elixirs containing the stabilized sulforaphane, or an analog thereof, may be 
formulated with sweetening agents, for example glycerol, sorbitol, or sucrose. Such 
formulations may also contain a demulcent, a preservative, and flavoring and coloring agents. 
Liquid dosage forms for oral administration can include pharmaceutically acceptable 
emulsions, solutions, suspensions, syrups, and elixirs containing inert diluents commonly used 
in the art, such as water. Such compositions may also comprise adjuvants, such as wetting 
agents, emulsifying and suspending agents, and sweetening, flavoring, and perfuming agents.

[0073] Dispersible powders and granules suitable for preparation of an aqueous suspension 
by the addition of water provide the active ingredient in admixture with a dispersing or wetting 
agent, a suspending agent and one or more preservatives. Suitable dispersing or wetting 
agents and suspending agents are exemplified by those already mentioned above.

[0074] Also encompassed by the present invention is buccal or "sublingual" administration, 
which includes lozenges or a chewable gum comprising the compounds, set forth herein. The 
compounds can be deposited in a flavored base, usually sucrose, and acacia or tragacanth, 
and pastilles comprising the compounds in an inert base such as gelatin and glycerin or 
sucrose and acacia.

[0075] The subject method of prescribing one or more of stabilized sulforaphane, stabilized 
analogs of sulforaphane, and compositions comprising the same can also be administered 
parenterally, for example, by either subcutaneously, or intravenously, or intramuscularly, or 
intrasternally, or by infusion techniques, in the form of sterile injectable aqueous or olagenous 
suspensions. Such suspensions may be formulated according to the known art using those 
suitable dispersing of wetting agents and suspending agents, which have been mentioned 
above, or other acceptable agents. The sterile injectable preparation may also be a sterile 
injectable solution or suspension in a non-toxic parenterally acceptable diluent or solvent, for 
example as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may 
be employed are water, Ringer's solution and isotonic sodium chloride solution. In addition, 
sterile, fixed oils are conventionally employed as a solvent or suspending medium. For this 
purpose, any bland fixed oil may be employed, including synthetic mono- or diglycerides. In 
addition, n-3 polyunsaturated fatty acids may find use in the preparation of injectables.

[0076] Pharmaceutical compositions suitable for parenteral administration can conveniently 
comprise sterile aqueous preparations of a compound of the present invention. These 
preparations are preferably administered intravenously, although administration can also be 
effected by means of subcutaneous, intramuscular, or intradermal injection or by infusion. Such 
preparations can conveniently be prepared by admixing the compound with water and 
rendering the resulting solution sterile and isotonic with the blood. Injectable compositions 
according to the invention will generally contain from 0.01 to 10% w/w of a compound disclosed 
herein.
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[0077] Injectable preparations, for example, sterile injectable aqueous or oleaginous 
suspensions may be formulated according to the known art using suitable dispersing or setting 
agents and suspending agents. The sterile injectable preparation may also be a sterile 
injectable solution or suspension in a nontoxic parenterally acceptable diluent or solvent, for 
example, as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may 
be employed are water, Ringer's solution, and isotonic sodium chloride solution. In addition, 
sterile, fixed oils are conventionally employed as a solvent or suspending medium. For this 
purpose, any bland fixed oil may be employed including synthetic mono- or diglycerides. In 
addition, fatty acids such as oleic acid find use in the preparation of injectables.

[0078] The active ingredients may also be administered by injection as a composition wherein, 
for example, saline, dextrose, or water may be used as a suitable carrier. A suitable daily dose 
of each active therapeutic compound is one that achieves the same blood serum level as 
produced by oral administration as described above.

[0079] Pharmaceutical compositions suitable for topical application to the skin preferably take 
the form of an ointments, creams, lotions, pastes, gels, sprays, powders, jellies, collyriums, 
solutions or suspensions, aerosols, or oils. Carriers, which can be used, include petroleum jelly 
(e.g., Vaseline®), lanolin, polyethylene glycols, alcohols, and combinations of two or more 
thereof. The active compound or compounds are generally present at a concentration of from 
0.01 to 50% w/w of the composition, for example, from 0.01 to 2%.

[0080] The present invention may also include safe and effective amounts of isotonicity 
agents, e.g., salts, such as sodium chloride, and more preferably non-electrolyte isotonicity 
agents such as sorbitol, and mannitol.

[0081] The solubility of the components of the present compositions may be enhanced by a 
surfactant or other appropriate co-solvent in the composition. Such co-solvents include 
polysorbate 20, 60, and 80, polyoxyethylene/polyoxypropylene surfactants (e.g., Pluronic F-68, 
F-84 and P-103), cyclodextrin, or other agents known to those skilled in the art. Typically, such 
co-solvents are employed at a level of from 0.01 % to 2% by weight.

[0082] Pharmaceutically acceptable excipients and carriers encompass all the foregoing and 
the like. The above considerations concerning effective formulations and administration 
procedures are well known in the art and are described in standard textbooks. See e.g. 
Gennaro, A. R., Remington: The Science and Practice of Pharmacy, 20th Edition, (Lippincott, 
Williams and Wilkins), 2000; Hoover, John E., Remington's Pharmaceutical Sciences, Mack 
Publishing Co., Easton, Pennsylvania, 1975; Liberman, et al., Eds., Pharmaceutical Dosage 
Forms, Marcel Decker, New York, N.Y., 1980; and Kibbe, et al., Eds., Handbook of 
Pharmaceutical Excipients (3rd Ed.), American Pharmaceutical Association, Washington, 1999.

[0083] In the herein described method, a subject in need of treatment and/or prevention of the
disorders described herein and/or related conditions may be treated with an amount of the
present stabilized sulforaphane and/or stabilized analogs of sulforaphane, where the amount
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of the individual components provides a dosage or amount that is sufficient to constitute a 
treatment or prevention effective amount.

[0084] As used herein, an "effective amount" means the dose or amount of the present 
combination therapy to be administered to a subject and the frequency of administration to the 
subject which is readily determined by one of ordinary skill in the art, by the use of known 
techniques and by observing results obtained under analogous circumstances and has some 
therapeutic action. The dose or effective amount to be administered to a subject and the 
frequency of administration to the subject can be readily determined by one of ordinary skill in 
the art by the use of known techniques and by observing results obtained under analogous 
circumstances.

[0085] The phrase "therapeutically-effective" and "effective for the treatment, prevention, or 
inhibition," are intended to qualify the amount of each agent for use in the therapy which will 
achieve the goal of providing an anti-cancer, chemopreventive, antibactieral, and/or other 
medicinal therapy.

[0086] The amount of the present stabilized compounds that is required to achieve the desired 
biological effect will, of course, depend on a number of factors such as the specific compound 
chosen, the use for which it is intended, the mode of administration, and the host to be treated 
and the clinical condition ofthe recipient.

[0087] A carcinogenic, tumorigenic, or anti-bacterial symptom is considered ameliorated or 
improved if any benefit is achieved, no matter how slight.

[0088] A "therapeutically effective amount" is intended to qualify the amount of stabilized 
sulforaphane required to treat, prevent or inhibit carcinogenises, tumorigenesis, and bacteria- 
induced conditions, such as ulcers.

[0089] As used herein, the terms "prophylactically effective" refer to an amount of stabilized 
sulforaphane that causes a decrease in the frequency of incidence of cancers or bacteria- 
induced conditions, such as ulcers. The term "prophylactic" refers to the prevention of cancers 
and bacteria-induced conditions, whereas the term "therapeutic" refers to the effective 
treatment of an existing cancer or bacteria-induced condition.

[0090] As used herein, an "effective amount" means the dose or amount to be administered to 
a subject and the frequency of administration to the subject, which is readily determined by one 
having ordinary skill in the art, by the use of known techniques and by observing results 
obtained under analogous circumstances.

[0091] Dosages for the present compositions and methods provided herein may be 
determined and adjusted based on the efficacy demonstrated in providing a chemoprotective 
or chemopreventative result. In addition, one of ordinary skill in the art will know how to 
measure and quantify the presence or absence of carcinogenesis or tumorigenesis symptoms.
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[0092] Preferred dosages for the present compositions are those that are effective to provide a 
chemoprotective, chemopreventative, and/or anti-bacterial effect.

[0093] Those skilled in the art will appreciate that dosages may also be determined with 
guidance from Goodman & Gilman's The Pharmacological Basis of Therapeutics, Ninth Edition 
(1996), Appendix II, pp. 1707-1711.

[0094] In the examples, all percentages are given on a weight basis unless otherwise 
indicated.

EXAMPLES

Example 1

[0095] This example illustrates a method of forming a racemic mixture of sulforaphane. The 
reaction pathway is illustrated as Figure 1.

Intermediate A:

[0096] Potassium phthalimide (65 g, 350 mmol, 1.00 eq.) and tetramethylene dibromide (200 
g, 930 mmol, 2.66 eq.) were combined (neat) and heated for 12 hours. The excess 
tetramethylene dibromide was removed via rotary-evaporation (rotovap). The resulting residue 
was digested with ethanol and filtered. The material that crystallized on standing was filtered, 
washed with ethanol, and dried in vacuo. A second crop was obtained by concentration of 
combined filtrate and washings. The combined mass of crops was 60.5 g (61 % yield).

Intermediate B:

[0097] All glassware was dried (N2 stream/heat gun). A 2L round bottom flask, equipped with a 

stir bar, was charged with 300 mL anhydrous methanol. Sodium (6.48 g, 281.8 mmol, 1.06 eq.) 
was added carefully. At room temperature, methyl mercaptan (MeSH, 13.56 g, 281.8 mmol, 
1.06 eq) was charged via syringe in one portion. [MeSH (gaseous) was trapped in a separate 
multi-neck round bottom flask in a dry-ice/acetone bath equipped with a dry-ice/acetone cold 
finger trap and transferred in a dry/freezer cooled syringe.] Bromobutylphthalimide (75.0 g,
265.8 mmol, 1.00 eq.) was suspended in 300 mL anhydrous methanol and charged to the 
reaction. The reaction was allowed to stir at room temperature overnight under nitrogen. A 
reaction aliquot analyzed by gas chromatography confirmed the reaction went to completion. 
Next, 300 mL of water was added to the reaction and the alcohol was removed via rotovap 
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distillation at which point product precipitated out of solution. The product (white solid) was 
filtered off and washed with 2 x 150 ml cold water. The product was dried in a vacuum oven at 
40 °C overnight to give 65.2 g (98% yield) white solid which was 98.4% pure via gas 
chromatography. The product was stored under nitrogen.

[0098] This procedure was adapted from a reported procedure in Helvetica Chimica Acta. 
1948: 31 ;6: 1497-1505. The current procedure differed from the reported procedure in several 
aspects. First, the report procedure utilized a reaction solvent that was absolute alcohol 
(EtOH). Also, after allowing the reaction to stir overnight at room temperature, the reported 
procedure included the additional step of refluxing the mixture for several hours. The original 
reference also worked up the reaction differently. For example, the NaBr was filtered out of the 
alcohol and the filtrate was concentrated to residue. The residue was next dissolved in a 
carbon disulfide-ether mixture and washed with water and sodium bicarbonate solution. The 
paper yield over three experiments was between about 82 and 92%.

[0099] Those having ordinary skill in the art will recognize that the present procedure includes 
fewer steps, reducing the overall reaction time, and results in higher yields than those of the 
previously reported procedure.

Intermediate C:

[0100] Intermediate B (45.0 g, 180.5 mmol, 1.00 eq.) was suspended (not fully dissolved) in 
580 mL of a 1:1 mixture of acetic acid and ethanol. The suspension was cooled over an 
ice/brine bath. Hydrogen peroxide solution (120.014 M AQ, previously titrated, 15.02 mL, 180.5 
mmol, 1.00 eq.) was added and the reaction allowed to stir, warming to room temperature 
overnight. The material dissolved during the process to give a light yellow solution. An aliquot 
was checked by thin layer chromatography (neat EtOAc) to confirm reaction completion. The 
reaction was concentrated via rotovap (not completely, -90% of the solvent removed) and 
diluted with 400 mL of methyl tert-butyl ether (MTBE) at which point product (light yellow solid) 
precipitated out of solution. The solid was filtered off and washed with an additional 100 mL 
MTBE. A second crop from the MTBE filtrate was collected. Combined mass of both crops 
(after further drying) was 44.5 g (95% yield) with HPLC purity of -95%. NMR showed residual 
acetic acid. The material was not further purified.

[0101] This procedure was adapted from the above referenced reported procedure. The 
reported procedure provided two different processes. The first used anhydrous acetone as the 
solvent, no acid, and the reaction was held at room temperature for five days. The second 
process called for glacial acetic acid and cooling ofthe reaction to moderate the exotherm. The 
reference work-up is precipitation ofthe product using absolute ether.

[0102] Those having ordinary skill in the art will recognize the present procedure results in 
reduced reaction times and can be conducted at ambient reaction conditions.
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Intermediate D:

[0103] A dried (N2 stream/heat gun) 500 mL round bottom flask, equipped with a stir bar, was 

charged with Intermediate C (35.34 g, 133.19 mmol, 1.0 eq.). Methylamine (33 wt% solution in 
ethanol, 175 mL, ~10 eq.) was charged into the round bottom flask. The solid Intermediate C 
slowly went into solution over approximately 45 minutes. After an additional hour, solid began 
precipitating out of solution (presumably methyl phthalimide). The reaction was allowed to stir, 
well-sealed, at room temperature overnight. The reaction was diluted with 50 mL ethanol 
(some of the solid dissolved) and filtered to remove the methyl phthalimide by-product. The 
solid by-product was washed with an additional 2 x 25 mL ethanol. The filtrate was 
concentrated via rotovap (bath temperature less than about 30 °C). The residue was adsorbed 
onto 50 g of silica and columned over 50 g of silica. Three column volumes of dichloromethane 
were enough to wash off residual methylphthalimide by-product. The product was eluted using 
40% of 9:1 methanol:ammonium hydroxide in dichloromethane. 19.1 g of a light yellow oil that 
was pure via GC but contained water and ammonium hydroxide by NMR was collected. The oil 
was kuglrhor distilled at 1 mbar and 185 °C air bath temperature to give 11.80 g of a yellow oil 
(65.5% yield) that was greater than 99% pure via GC. The pot residue weighted 3.14 g 
signaling possible thermal degradation.

Sulforaphane:

[0104] A one liter round bottom flask equipped with a stir bar was charged with Intermediate D 
(10.8 g, 79.9 mmol, 1.00 eq.), 300 mL of chloroform, and 133 mL of 1N NaOH (aq) olution 
(132.8 mmol, 1.66 eq.). To the biphasic solution, thiophosgene (13.78 g, 119.8 mmol, 1.50 eq.) 
was charged. The reaction was stirred vigorously for one hour before an aliquot was checked 
by thin layer chromatography. The mixture was diluted with -300 mL chloroform and 200 mL 
brine. The organics were removed and aqueous re-extracted with 2 x 500 mL chloroform. The 
organics were combined, dried over sodium sulfate, and concentrated. The residue was 
adsorbed onto 20 g silica and columned over 50 g silica, eluting with 0 to 4% methanol in 
chloroform. 12.14 grams (85.7% yield) of the desired product was collected as a light yellow oil.

Stabilization of Sulforaphane:

[0105] Sulforaphane was formulated with three types of cyclodextrins: W6 (alpha), W7 (beta), 
and W8 (gamma). These cyclodextrins were purchased from Wacker Chemie AG (CAVAMAX™ 
brand, either food grade or pharmaceutical grade).

[0106] The sulforaphane was formulated using three different conditions/procedures:

Type A: Dissolve all (cyclodextrin/sulforaphane) in nitrogen sparged water (remove CO2). Let
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stir overnight at room temperature. Dry down to constant weight under vacuum (maintain bath 
at less than 30 °C). (Recovery is theoretically quantitative. There is loss of mass due to drying 
of cyclodextrin, which is generally 5 to 10% water wet.) Typical loads were ~1% wt/wt 
sulforaphane to cyclodextrin. The theoretical load is calculated from the amount of 
sulforaphane going in to the formulations divided by the final dry down mass.

Type B: to a suspension of cyclodextrin in ethyl acetate, add sulforaphane. Let stir overnight at 
room temperature. Dry down to constant weight under vacuum (maintain bath at less than 30 
°C). (Recovery is theoretically quantitative. There is loss of mass due to drying of cyclodextrin 
which is generally 5 to 10% water wet.) Typical loads were ~1 to 5% wt/wt sulforaphane to 
cyclodextrin. The theoretical load is calculated from the amount of sulforaphane going in to the 
formulation divided by the final dry down mass.

Type C: To a saturated solution of cyclodextrin in water, add sulforaphane. Let the solution sit 
overnight. Collect the precipitate via filtration. If no precipitate forms, cool at -4 °C overnight. 
Dry down to a constant weight under vacuum (maintain bath at less than 30 °C). Recovery is 
generally poor: 28% with Alpha cyclodextrin, 26% using beta cyclodextrin, and 62% for gamma 
cyclodextrin. The theoretical load is calculated using NMR analysis of the dried down 
formulation and is typically between 7 and 13% depending on the cyclodextrin used.

[0107] Table 1 includes a listing of each of the formulations prepared according to the 
procedures of Type A, Type B, and Type C described above.
Table 1: Formulations produced

Sample Key Cyclodextrin Formulation type Theoretical Load

alphaB alpha CD B 4.73%

alphaC alpha CD C 7.1%

betaB beta CD B 5.15%

betaC beta CD c 13.3%

gammaA gamma CD A 1.01%

gammaB gamma CD B 0.94%

gammaC gamma cd C 9.8%

Stability Analysis Summary

[0108] Analysis Overview: The sulforaphane formulations were analyzed via HPLC (UV 
detection at 254 nm) using an internal standard (DEET) method. An assumption is made that 
the sulforaphane completely disassociates from the cyclodextrin under the chromatographic 
conditions. A sulforaphane standard (stored in a freezer) is used to determine the response 
factor for each analysis. Initial work demonstrated linearity of response versus concentration of 
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this standard. The response factor (RF) of all the standard injections throughout all analyses 
has remained stable demonstrating the stability of the standard in the freezer.

[0109] Storage Conditions: The samples were stored under three conditions: Capped and at 
room temperature, capped and stored in the freezer (-30 °C), and open and stored in a 40 °C 
oven. These samples were analyzed for sulforaphane load over time. The stabilization of the 
different samples and different storage conditions may be seen in Figures 3-5.

[0110] Sample Preparation Example: A 20 mg to 50 mg (carefully weighed) formulation sample 
is dissolved in 1 mL of internal standard solution (DEET in DMF). The amount of ISTD solution 
is also carefully weighed. The sample is further diluted with 1 mL of nitrogen sparged deionized 
water. The samples are sonicated for approximately ten minutes and filtered through ha 0.45 
μm nylon filter. The samples are then analyzed by HPLC UV detection at 254 nm.

Chromatographic Conditions

[0111]

Column: Agilent Eclipse XDB-C18, 5 μm, 250 x 4.6 mm at 30 °C

Solvent A: 0.1 % formic acid in water

Solvent B: MeCN

Gradient: 5% to 100% Solvent B in Solvent A over 30 minutes

Flow: 1.5mL/minute

Detector: UV 254 nm, ESI-MS (pos/neg) for confirmation

Retention: Sulforaphane: 9.2 min. DEET: 15.5 min.

[0112] Analysis Results: The results are presented as percent of theoretical load versus time 
(The calculation for theoretical was described above.)

[0113] Figure 3 demonstrates the stabilization data of the formulations stored at room 
temperature for 150 days. As can be seen in Figure 3, the alphaB sample maintained the 
highest percentage of theoretical load after 150 days at room temperature. The gammaC 
sample lost the greatest percentage of theoretical load over the same time period.

[0114] Figure 4 demonstrates the stabilization data of the formulations stored in an open 
container in a 40 °C oven for up to about 150 days. Several samples were removed earlier 
than 150 days. The alphaC sample showed the slowest rate of degradation over approximately 
the first 40 days. After 150 days, the betaB sample maintained 40% of the original theoretical 
load of sulforaphane and the alphaB sample maintained about 45% of the original theoretical 
load.



DK/EP 3354267 T3

[0115] Figure 5 demonstrates the stabilization data ofthe formulations stored in a freezer. The 
alphaB and the betaB samples remained in the freezer for approximately 150 days. The other 
samples remained in the freezer for approximately 40 days. After 40 days, each sample still 
maintained greater than 80% of their original theoretical loads. After 150 days, each of alphaB 
and betaB maintained approximately 90% of their original theoretical loads.

Example 2

[0116] This example demonstrates extended stability studies for the present stabilized 
sulforaphane compositions.

[0117] Sulforaphane was re-synthesized using the previously described process on an 
increased scale. The synthesis resulted in about 94 gram of product. Three formulations were 
reproduced, the alphaB, alphaC, and betaB, as shown in Table 2:
Table 2: Sample Descriptions

Sample Cycoldextrin Method of Formulation Result

AlphaB 
(Sample 

ID: 
122PAL31)

W6 (Alpha)

Type B: 20.15 grams of 
Sulforaphane were added to a 
suspension of 380.0 grams of 
alpha CD in 9.1 liters of EtOAc.
The mixture was stirred overnight i 
at room temperature. The mixture i 
was dried to constant weight 
under vacuum (at a bath 
temperature <30°C).

Final dried mass 
370 grams. Percent 
Recovery: Quant. 
Theoretical Load = 
5.44%.
Experimental Load 
(T-Zero Analysis) = 
4.91%

AlphaC
(Sample ΐ 

ID: 
122PAL33)

W6 (Alpha)

Type C: 25.10 grams of 
Sulforaphane was added to a 
stirring saturated solution of CD in 
H2O. The mixture was allowed to 
stir for three hours at room 
temperature and was then placed 
in a refrigerator overnight. The 
precipitate was collected via 
filtration and further dried to 
constant weight under vacuum 
(maintain bath at <30°C).

Final dried mass
89.7 grams. 
Percent Recovery: 
23% Theoretical 
Load = N/A.
Experimental Load 
(T-Zero Analysis) = 
6.42%

BetaB 
(Sample 

ID: 
122PAL35)

W7 (Beta)

Type B: 17.50 grams of 
Sulforaphane was added to a 
suspension of 332.5 grams of beta 
CD in 8.9 liters of EtOAc. The 
mixture was stirred overnight at 
room temperature. The mixture 
was dried to constant weight 
under vacuum (at a bath 
temperature <30°C).

Final dried mass 
334 grams. Percent 
Recovery: Quant. 
Theoretical Load = 
5.24%.
Experimental Load 
(T-Zero Analysis) = 
5.19%
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[0118] The sulforaphane formulations were analyzed via HPLC (UV detection at 254nm) using 
an internal standard (DEET) method. A sulforaphane standard (stored in a freezer) was used 
to determine the response factor for each analysis. Initial work demonstrated linearity of 
response versus concentration of this standard. The response factor (RF) of all the standard 
injections throughout all analyses has remained stable demonstrating the stability of the 
standard in the freezer.

Sample Preparation:

[0119] A ca. 300 mg (carefully weighed) formulation sample was dissolved in 8 mL of internal 
standard solution (DEET in DMF, ca 2 mg/mL). The amount of ISTD solution was also carefully 
weighed. The sample was further diluted with 8 mL of nitrogen sparged Dl water. The samples 
were sonicated for -10 minutes and filtered through a 0.45pm nylon filter. The samples were 
then analyzed by HPLC UV detection at 254nm.

Chromatographic Conditions:

[0120]

Column: Agilent Eclipse XDB-C18, 5pm, 250x4.6mm @ 30°C

Solvent A: 0.1% Formic acid in H2O

Solvent B: MeCN

Gradient: 5% to 100% Solvent B in Solvent A over 30 minutes

Flow: 1.5 mL/minute

Detector: UV254nm, ESI-MS(pos/neg) for confirmation

Retention Times: Sulforaphane: 9.2 minutes DEET: 15.5 minutes

[0121] Analysis Results: The results are presented as percent of the "time zero" load versus 
time. The results of the stabilization study of the alphaB sample are shown in Figure 6. As can 
be seen, the alphaB sample (described in Table 2 above) maintained its integrity for 7 months 
at room temperature and at reduced temperatures, while degrading approximately 50% in an 
elevated temperature environment (40 °C).

[0122] Figure 7 demonstrates the stability data generated by the alphaC sample (described in
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Table 2 above). As can be seen the stability of the alphaC complex was maintained over a 
period of seven months at reduced temperatures, at ambient temperatures, and at elevated 
temperatures.

[0123] Figure 8 demonstrates the stability data generated by the betaB sample (described in 
Table 2 above). As can be seen, the stability of the betaB complex decreased slightly over a 
period of four months at reduced temperatures and at ambient temperatures, before stabilizing 
for the remaining three months of the study. The elevated temperature sample of the betaB 
complex showed more degradation, but still demonstrated improved stability beyond what 
would be expected for a non-stabilized sulforaphane sample.

[0124] These examples demonstrate the present sulforaphane complexes provide improved 
stability for sulforaphane. Accordingly, the sulforaphane may be more easily manufactured and 
distributed as an agent for anticancer treatments, antimicrobial treatments, and other uses. 
Moreover, this stability data demonstrates that sulforaphane compositions may be stored for 
longer periods of time before treatment.
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PATENTKRAV

1. Sammensætning, der omfatter et kompleks af sulforaphan og alpha-cyclodextrin.

2. Farmaceutisk sammensætning, der omfatter et kompleks af alpha-cyclodextrin og 

sulforaphan, og en excipiens.

5 3. Sammensætning ifølge krav 1 eller krav 2, hvor sammensætningen skal administreres i én

eller flere af ad oral, topisk, parenteral, injektions-, buccal, sublingual, intramuskulær eller 

intravenøs vej.

4. Sammensætning ifølge krav 3, hvor sammensætningen skal administreres oralt som en 

opløsning, tablet, depotkapsel, enterisk coatet kapsel eller sirup.

10 5. Sammensætning ifølge krav 4, hvor sammensætningen skal administreres oralt som en

depotkapsel eller en enterisk coatet kapsel.
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DRAWINGS
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Formulations Stored in Freezer
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Alpha CD-Type B Plot

Figure 6
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Beta CD-Type B Plot

Figure 8


