r— L A L
Case LOT-cv- 0218;114 gx’%%pleD ESCriDe _ef'st 6\%’4@01&5&'?& PR Wajof Bssé B Erzyme
inducer from broccoh | | | |
.» » I—'racuonauon of acetomtnle extracts of SAGA broccoh by preparative
reverse-pha.se HPLC thh a water/methanol solvent gradxent resulted in recovery -
of 70-90% of the apphed mducer activity in the chromatographxc fractions.
Surprisingly, the majority (about 65-80% in several chromatograplues) of the. |
recovered activity was assocxated with a sxngle and relatively sharp peak {fractions
t8-23; eluted at 64-7‘1 % (vol/vol) methanol]‘. This HPLC procedure was therefore
. adopted as the first step of the larger-smle isolation of inducer activity;
‘Lyophilized SAGA broccoli was extracted three times with acetonitrile (35
ml/g) for 6 hr each at 4°C. The pooled extracts were filtered successively through |
0.45- and 0.22-pm porositjr filers (discarding the insoluble material) and
evaporated to dryness under reduced pressure ona rotatmg evaporator (<40°C).
About 1 g of residue from 640 g of fresh broccoli (64 g of 1yoph1hzed powder)
 contained 3.6 x 10° units of inducer activity, The resxdue was mixed thoroughly
with 120 ml of methanol/water (25/75, vol/vol) and the insoluble fraction was
discarded. Although not all of the residue -obtained'from the extraction was
soluble in aqueous methanol, the solvent partition procedure resulted in substantial
puriﬁcation svithout significant loss of ‘inducer activity. Portons of the extract
_ were dried in a vacuum centrifuge and dissolved in small volumes ot‘ dintethyl

formamide (0.75-1.0 ml per 50 mg of residue), and SO-mg portions were subjected

BNSDOCID: <WO___9418948A1 | >
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to HPLC (nine runs).‘k Fractions 18—2;3 from -all runs were poﬁled, evﬁpomed to
dryness, appliéd in acetonitrile to five pl;eparaﬁve silica TLC plates (100 x 200 x
0.25 mm), and devel(;.\_ped with accionitrilé, which was run .to the top of éach platé
three timgs. Fouf major ﬂuoresccﬁce-quenching components Were resolved, ahd
nearly all (99%) of the inducer activity migrated at R 0.4. The active bands were
eluted with acetonitrile, pooled, and fractionated by two runs on a second
prcpmtivc reverse-phésc HPLC in # water/acetonitrile gradieﬁt (26%-71 %).b
Ultraviolet absorption and inducer acﬁvity~were eluted in a sharp coincident peak
- (at 66% acetonitrile) that contained all of the actiw'/.ityA applied to the column.
Evaporation (§40°C) of the activé fractions gave 8.9 mg of a slightly yellow
liquid, which contzined 558,000 inducer units (overall yield 15%) and migrated
as a single band on TLC. o
Exam le
This example describes the identification of the inducer isolated from
broccoli, as described in Example 2. - |
The identify of the inducer was established by spectroscopic methods and
cdnﬁrméd by chemical synthesis. It is (-)-1-isothiocyanato-(4#)-(methylsulﬁnyl)'
butane, known as sulforaphane or sulphoraphane (CAS 4478-93-7). See Figure
. ,
Sulforaphane has been synthesized (Schmid, et al., Helv. Chim. Acta
31:1497-1505 (1948)) and isolated from leavesrof hoary cress (Prochézka, Collect.

Czech. Chem. Commun. 24:2429-2430 (1959)) and from other plants (Kjzr, et al.,

5-F2
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- Acta Chem. Scand 12:833-838 (1958)), and the absolute configuration has been |

ass1gned (stlow, et al J. Am Chem. Soc 87:665-666 (1965)). The closely

related oleﬁn sulforaphene [4-1sotl‘uocyanato-(lR) (methyl-sulﬁnyl)—l (E)butene

'(CAS 2404-46-8)] has been isolated from radish seeds and other plants (Schrmd N

et al., Helv. Chim. Acra 31: 1017-1028 (1948), Hansen, et al., Acta Chem. Scand
Ser B 28: 418—424 (1974)) and has also been synthesized (Cheung, et al., J. Chem.
Sac Chem. Commun., 100-102 (1965), Balenowé et al Tetrahedron 22:2139-
2143 (1966))-

] The following ewdence estabhshes that (R\-sulforaphane is the mducer .
isolated from broccoli, UV spectrum (H,0): Apax 238 nm, € 910 M'icm?;
addition of NaOH (0.1 M) blue-shifted (A, 226 nm) and intensified (egg 15,300

M-em?) this absorpnon band conmstent with the behavior of isothiocyanates

. (Svétek et al., Acia. Chem Scand. 13:442-455 (1959)). IR (Fourier transform,

neat): strong absorpnons at 2179 and 2108 cm“ and also at 1350 cm?,

characteristic of 1soﬂuocyanates (szr, et al., Acta Chem. Scand. 9:1311-1316

: (1955)) 'H NMR (400MHZ C’HCI,) 63.60 (¢, 2H J = 6.1 Hz —CH,—NCS), ‘

2.80-2. 66 (m, 2K -—CHz—-SO—), 2.60 (s, 3H, CH,—SO—) and 1.99-1.86 ppm :
(m, 4H, —CH,CH,—). 3C NMR (400MHz C’HCI;) 5535, 44 6, 38.7, 29.0,
and 20.1 ppm. Mass spectrometry (fast atom bombardment thioglycerol matrix)

gave promment peaks at 178 (M + H)™ and 355 M, + H)*. Elecu'on impact

_ mass spectromeuy gave a small moleculat ion (M*) at 177, and chemical

BNSDOCID <W(0D  9410348A1 | >

jonization mass spectrometry gave a small molecular ion M + H)* at 178 and
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promineat fragment ions with masses of 160, 114, and 72, consistent with the |

’ fragmemaﬁod pattern shown in Figure 2. Precise masses of molecular and

fragrhent' ions obtained by electron impact mass spectrométfy were 177.0286

- (calculated for C¢H,;NOS,, 177.0283), 160.0257 (calculated for CeH\oNS,

160.0255), and 71.9909 (calculated for C,H,NS,, 71.9908). In addition, for the
mass 160 fragment, the peaks at 161 (M + 1) and 162 (M + 2) were 8.43%

(calculated, 8.44%) and 9.45% (calculated, 10.2%), respectively, of the parent

‘ion. Similarly, for the mass 72 fragment, the peaks at 73 (M + 1) and 74 (M +

" jsolated material was [a]®,-63.6° (c - 0.5, CH,Cl,), thus establishing that the

BNSDOCID <WO  ©419648A% | >

2) were 3.42% (calculated, 3.32%) and 5.23% (calculated, 4.44 %), respectively,
of the parent ion. Hence the isotope compositions corrected for the natural isotope
abundance (of *C, N, ¥S, and *S) were consistent with the relative intensities

ofthe M + 1 and M + 2 ions of both fragments. The optical rotation of the

: prodhci is largely, if not exclusively, the (—)-(R) enantiomer [a]p -79°, -73.2°, -

-66°; refs. 26, 30, and 38, respectively). The spectroscopic properties of synthetic
('R,S')-snlforaph'anei were identical to those of the isolated product.

Example 4

- This example describes the synthesis of sulforaphané (CAS 4478-93-7) and -

its closely related analogs, ibervin, erucin, berteroin, iberin, alyssin, cheirolin,
erysolin, and l-isothiocyanato-5-methylsulfonyl-pentane.
(R,S)-Sulforaphane (CAS 4478-93-7) was prepared according to Schmid

and Karrer (Schmid, et al., Helv. Chxm Acta 31:1497-1505 (1948)) except that

5-F4

" Case 1.07-cv-07844-SAS Document 43-46 _ Filed 05/09/2008 Page 4 of 57-



AUy LUVIHIGULAIIVE - Wda 1LpidaAl V) Aaaiil viAaLEINAR . 4Ny SuaiTe

Case 1:07-cv-07844-SAS  Document 43-46 F|Ied 05/09/2008 % |
analogues, CH,—S—(CEL),—NCS, where n 15 4 [erucin (CAS 44 %0- &) or 5

[berteroin (CAS 4430—42-6)] were prepa:ed as descnbed (szr et al Acra Chem.
“Scand. 9'1311 1316 (1955)). and the three-carbon analogue [ibervenn (CAS 505-
79 -3)] was prepared from phthahxmdopropyl bromxde (Schrmd et al Helv. Chim.
Acta 31:1497-1505 (1948)).{_ IR spectra of all three sulfide analogucs showed
strong absorptions near ,2150 cm, _chéracteristic of isothibcyanatcs. 'H NMR
spec&a of these compounds show sharp singlets at § 2.10 ppm .(CH,—S grqup);
Thé sulfo#ide analogues Whex;e n is 3 [iberin (CAS' 505-44-2)Jor § V[alyssin (CAS
646-23-1)] were prepa.red by the same method as sulforaphane. IR spectra of these
compounds showed strong absorptions near 2100 cm’, asmgned to the —NCS
) group. 'H NMR spectra also showed sharp singlets around & 2.5 ppm, consistent
with the presence of the CH,—SO group. The sulfone ahalogues,
CH,—S0;—(CH),—NCS, where n is 3 [cheirolin (CAS 505-34-0)), 4{erysolin
(CAS 504-84-7)], or 5 (unreported) were prepared by ki;own r_néthod_s (Schneider, -
et al., Liebigs Ann. Chem. 392:1-15 (1912)). 'H NMR (6 ~ 2.9 ppm, for | |
CH,_—S_O—-,—). and IR spectra of these cbngpounds were consistent with the.
structures, Eve'fy' analogue within this exa;m'plc except l-nisothiocyanato-S-
methylsulfonyl-pentane [CH;—SO;—(CEy)s—NCS] bas been isolated from plants

(Kizr, Fortschr. Chem. Org. Nasurst. 18:122-176 (1960)).

BNSDOCID <WO 641964841 | > ' : ) 5'F5
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Exani

This example describes the inducer activity of the closely-related analogs

. of sulforaphane whose synthesis is described in the preceding Example. »

Each of the analogs of sulforaphane was tested for the ability to induce QR
in muriﬁe hepatbma cells by the assay described in Example 1. The following
structure-function relationships were observed. |

The chirality of the sulfoxide does; not affect inducer potency, since isolated
(R)-sulforaphane and synthetic (R,S)-sulforaphane gave closely similar CD values .
of 0.2-0.4 uM. Sulforaphane is therefore the most potent monofunctional inducer -
that has been identified (Talalay (1989) Adv. Enzyme Regul. 28:237-250; Talalay -
ot al., (1988) Proc. Nail. Acad. Sci. USA 85:8261-82653 Both (R)- and (R,S)-
sulforaphane‘ were 1_'clative1y noncytotoxic: the concentrations required to depress
cell growth to one-half were 18 xM. | |

Sulforaphanie and the corresponding sulfone (cﬁwh) were equipotént as
inducers of QR, whereas the corresponding sulfide (erucin) was about one-third |
as active (T aBle 1). Oxidation of the side-chain sulfide to sulfoxide or sulfone
enhanced inducer potency, and compounds with 4 or 5 methylene groups in the

bridge linking CH,S— and —N=C=S were more potent than those with 3

. methylene groups.

3Benzylisothiocyanate has a reported CD value of 1.8 uM; phenethylisothiocyanate has '

a CD of 2.0 uM; ethylisothiocyanate has a CD of 30 uM; propylisothiocyanate has a CD of
14 zM; cyclohexylisothiocyanate has a CD of 14 uM.

BNSDOCID «<WO Q41002841 1 >
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Table 1. Pom\cy of mducuuo of QR 1n Hepa lclic? cells by sulfonphane and analogues

CD value. uM .

- Compound - ' n=3} - . " A=l : n=al
CH;—S—~CHjla=—N=C=§ 1.5 tlbenennt 2.} (Erucin) 1.7 (Berteroun)
CHy—S—~(CHjl.—Na==Ca=S * . 2.4 tibenms -~ 0 4=0.8 (Sulfvrapnane) - 0.95 (Alyssin)

(¢) o . o
CH,—%—-«CH;\;—.\'-—-Cas 1.3 (Cheirahn) 0.82 (Erysolin) 0.98

O o '

Mutants of Hepa lclc7 cells defective in the Ah (aryl hydrocarbon) .
receptor or expressmn of cytochrome P-450IA1 can distinguish monofuncnonal
inducers (which induce phase I enzymes selecuvely) from bifunctional inducers ,
(which elevate both phase I and II enzymes) (De Long, et al., Carcinogenesis
8:1549-1553 (1987); Prochaska, et al., Cancer Res 48:4776-4782 (1988)). When
sulforaphane was tested with the BP‘cl mutant (Miller, et al., J. Bicl Chem
258:3523-3527 (1983)) (defective in transport of the liganded Ah receptor to the
nucleus), and the ¢l mutant (Hanlcmson et al., (1985) J. Biol. Chem. 260 1790-'
1795) (wluch synthesizes inactive cytochrome P-450LAl), induction of QR was
normal (data not shown). Sulforaphane is, therefore, like benzyl isothiocyanate,

. a monofunctional inducer (Prochaska', etal., Caﬁcer Res 48:4776—4782 (1988)) and
is unlikely to- 'elevate; activities of cytd_chromes P450 that could activate

carcinogens.

BNSDOCID <WO  9419948A1 | > : . 5-F7
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 Example

This example demonstrates that the anti-cancer agents of the present

invention are active in whole animals as mducers of phase 11 xenobxonc

metabohsm enzymes.

When syntheuc (R,S)-sulforaphane, erysolm and erucin were admnnstered

to fema.le CD-1 mice by gavage De Long, et al., Cancer Res. 45:546-551

(1985)), induction of QR and glutattuone transferase activities was observed in the

cytosols of several organs (Table 2). Sulforaphane and erucin (in da.lly doses of

15 pmol for 5 days) raised both enzyme activities 1.6- to 3.1-fold in liver, fore-

stomach, glandular stomach, and mucosa of proxinial small intestine, and to a
lesser degree in lung. The sulfone (erysolin) was more toxic, but even 5-umol
daily doses for § days elevated the specific activities of these enzymes‘ in some
tissues examined. We therefore conclucie that sulforaphane and its analogues nof_

only induce QR in Hepa lclc7 murine hepatoma cells but also induce both QR and

~ glutathione transferase activities in a number of murine organs.

BNSDOCID <WO  84719048A1 | >
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Example 7
This exampie describes the syn;hesis of exo-2-acetyl-6-

isodﬁocyanatonorboma:;e (GHP 1066 and 1067). |

From la (mixture) , ,

Toa iOO ml! 3;neck round bottomed ﬂask ecjuipped w1th a magnetic stirrixig bar,
ciropping funnel and reflex condenser were placed 2.0 g (14.7 mmbl) of 2-acetyl-5-
norbomene (Aldrich Chemical Co.) and 10 ml of benzene. To this solution was
added at room temperature (RT) a mixture of 2.1 g of conc. sulfuric acid and 1.0
ml of water slowly using a droppiné funnel. After 4 dasrs at RT, the reaction.
mixture was filtered t.hroughA a sintered glass funnel. The filtered white solid was
washed withVSO ml of ether. The combined organic solution was then washed with
water and bﬁne successively, dred over MgSO,, and concentrated in vacuo to
afford a taﬁ oil. Subsequ;nt purification via flash silica-gel column
chroniﬁtography (20/80, ether/hexane) afforded 1.73 g of product (60% yield,
colorless oil) as a mixture of 4 stereoisomers based on 'H NMR anaiysis (2a: 2b:
2?:: 2d 36:39; 8:17). Puriﬁ.cztion by HPLC (silica-semi prep, 97/3 hexane/EtOAc,
10 mY/min) gave 2a (GHP 1066) in 22% overall yield. |

rom 1b (exo-onl

The same mixture as the above (1b:0.665 g) was stirred for 40 hr at 50°C. After
the same work-ixp and column chromatégmphy, 0.970 g of product (70% yi;:ld)

was obtained as a mixture of 4 stereoisomers.(2a: 2b: 2c: 2d 32:47; 1:20).

5-F10
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'HE MR (400 Mz, CDCL) 63,64 (64,1 = 6051
2.43(dd, ] = 4.5 Hz, ] = 3.6 Hz, 1H), 2.31(dd, J=84Hz 7T = 6.0 Hz, 1H),
2.17(s, 3H), 1.83-1.67(m, 2H), 1.58-1.54 (m, 280, 1.38-1.30(m, 2H); "CNMR

(CDCL,) 5 58.4, 50.9, 46. 6, 40 0, 35.4,33.6,315, 28, 8 (CO and NCS were not

" detected); FT-IR (CHCI,, cm l) 2955, 2132 2085 11708, 1343 HRMS cald. for

C1oHsNOS 195. o9, found 195.0719.

 Characterization of 2b (GHP 1067) 'H NMR (400 Mbz, CDCL,) &3.61 (dd 7=

BNSDOCID: <WO__ 9419948A1 1 >

7.2, J=2.8Hz, lH), 2.58(d,T = 4.4 Hz, 1H),_2.53 (d,J = 4.5 Hz, 1H), 2.35
(dd, J = 8.5 Hz, J =» 3.4 Hz,v IHj, 2.16 (s, 3H), 2.0 (dt, J = 13.1 Hz, 5.0, 1H),
1.91-1.86 (m, IH), 1.79-1.75 (m, 1H), 1.55-_1.52 (m, 1H), 1.37-1.33 (m, 1H),
1.26-”1..22 '(m‘,_ 1H); FT-IR (CHCL,) 2978 cm-!, 2179, 2146, 2085, 1708, 1449,
134§; Anal. cald. for C,oH,;NOS: C, 61.50; H, 6.71; N, 7.17; S, 16.42 found C,
61.64; H, 6.72; N, 7.12; S, 16.53.
Example 8

Thiﬁ example d.escribcs the synthesis .of 1-isothiocyanato-35-
mcthylsulfdnylpentanf: (GHP 1003). |
Preparation of 2 | |
2 was prepared according to the literature procedure, and the spectral data match

the literature Qalucs. Kjaer et al. R. Acta. Chem. Scan. 1955, 1311.

5-F11
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3 was prepa.red according to the literature procedure, and the spectral data match .

the literature values. Kjaer et al., supra.

Preparation of 4

2 was prepared according to the literature procedﬁre, and the spectral data match

BNSDOCID <WO __ 9419848A1 § »

the htcrature values. ‘
Preparation of 5 (GHP 1003) . - -
To a flask charged with 50 mg (0.3 rlimol) of 4' aﬂd 0.8 ml o_f H,0 were added a
solution of 0.03 ml of CSC), in 0.3 ml of CHCI; and 0.5 ml of 5% N#OH at RT..
After 30 min, the reaction- mixture was extracted with 20 ml of CH,C), (10ml x
2). The combined organic solution was dried over MgSQ,, concentrated in vacuo,
and purified by preparative TLC (6/4 EtOAc/hexane) to afford 16 mg (0.08 mmol)
of 5 (GHP 1003, 26% from 3) as whiie wﬁds. 'H NMR (400 MHz, CDCl,;) &
3.50(,J =6.4 Hz, 2H), 2.98 (t, J = 4.1 Hz, 2H), 2.86 (s, 3H), 1.87-1.82 (m,
2H), 1.74-1.66 (m, 2H), 1.58-1.52 (m, 2H); FT-IR 3025 cm™, 2931, 2191, 2097,
1449, 1314, 1132. | -
Example 9

This example describes the synthesis of exo-2-isothiocyanato-6-
’m.emylsulfonylnorbomax'xc (GHP 1068).
Preparation of 2a and 2b

The same procedure as described forGHP 1063 was used except that the

reaction mixture was stirred for 6 days at 65°C. After work-up, 2a (17% yield)

5-F12
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EtOAc) 2a (GI—IP 1064) was recrystalhzzd from CH;CI,Ietherlhexane to afford

1vy-lcaf shapcd crystals (mp; 142- 143°C) m 12% yield. 2b (GHP 1068) was

| recrystajhzed from ether to a.fford small nwdles (mp, 82-82.5°C) in 4% yield.

1 NMR (400 MEz, CDCL) 33.66 (, 1=6.8 Hz, 1H), 2.90 (bs 1), 2.86
(s, 35), 2.80 (dd, J = 8.0 Hz, 2.8, 1H), 2.12 (4, ] = 14.0Hz, 5.2, 1H), 2.03
(@,7 = 12.0 Hz, 2.2 1), 1.88-1.62 (m, SH); FT-R (CHCI) 3025 em?, 2120,
2073, 1320; Anal. cald. for C;HuNO;S5C, 46.73; H, 5.66; N, 6.06; 5;,27.72.
found C, 46.74; H, 5.67; N, 6.11; S,27.64. |
gbga_cﬁr_rz_ammf_lh

'H NMR (400 MHz, CDC13)5365(dd ] = 6.8 Hz, 2.8, 1H), 2.98 (bs,

1H), 2.87 (s, 3H),276(dd 1—68 1.2, 1H),258(bs 1H),206-161(m,

6H); FT-IR (CHC13) 3025 cm?, 2978, 2191, 2120, 2085, 1349, 1308 1138.

Example
This example describes the synthesis of - cis-1-isothiocyanate-4-methyl-

sulfonylcyclohexane (GHP 1073).

. Preparation of 2

BNSDOCID «WO  9419948A1 | >

In an autoclavé were placed 11.38 g (94.0 mmol. 10 eq.) of butadiene
sulfone, 1.00 g (9.4 mmol) of 1, 0.2 g of hydréquinong as a polymeﬁzation
inhibitor and 20 ml of absolute EtOH. Upen stiring for 15 min., the reaction

mixture was sealed and heated at 110°C. After 60 hr.. the reaction mixture was

5-F13
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cooled, and poured into 60 ml of 17% NaHCO,. After 10 min., the aqueous

solution was extracted with ether (2 x 50 ml). The combined ether solution was

dried over MgSO,, concentrated and chromatographed (60/40 ether/hexane) to

afford 1.30 g (8.1 mmol, 85% yield) of 2 as a brown oil. An aliquot was distilled

‘under the reduced pressure to g‘ive' a colorless liquid for anélysis.

Preparation of 3

To a flask charged with 342 mg (0.63 mmol) of Hg (SCN), was added a
premixed solution of I, in 8 ml of benzene. After 30 min. at roor.n temperatur'e
(RT) to the mixture was added 202 mg (1.26 mmol) of 2 dxssolved in 1 ml of .
benzene, and the flask contammg the reaction mixture was wrapped wnh aluminum
foil and stirred for 7.5 days at RT under argon atmosphere. The reaction mixture
was then diluted with 20 ml of ether, washed with aqueous KI, N3a,S,0,, brine, .
dried over, and concentrated in vacuo. Flash oolum chromatography (1/1
ether/hexane) afforded 20 mg (0.06 mmol) of 3 (5% ﬁcld), as an oil along with 3
other isomers {11% yield). .

- . .

To a flask charged with 21 mg (0.07 mmol) of 3 and 1 ml of benzene was
added 0.05 ml (0.2 mmol, 3 eq.) of Bu,SnH at RT. After 10 hr., the reaction .
mixture was treated with 35 mg of DBU (1,8-diambipyclo[5;4,0]undec-7-ene) and
I ml of wet ether. The resulting mixture was filtered off, concentrated and
chromatographed (100% ether - 100% EtOAc) to afford 7.3 mg (0.03 mmol) of

4 (GHP 1073, 55% yield) as a white solid (mp; 123°C).
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2.87-2.80 (m, 1H), 2.23-2.20 (m, 4H), 1.96-1.85 (m, 28), 1.71-L. 59 (m, 2H);
FT=IR (CHCl,) 3025 em?, 2943, 2085, 1302,
Examplg 11 ‘.

This example describes the synthesis of exo-2- (1'-hydroxyethyl)—5-

1soﬂuocyanatonorbomane (GHP 1075. - 77

Toa ﬂask charged with 37. 3 mg (0.19 mmol) of 1 (GI-IP 1067) and 1.5 ml
of McOH was addcd 11.0 mg (0. 29 mmol) of NaBH, at 0°C. After 20 min., the
excess NaBH, was quenched with a few drops of Hzo diluted with cither dried
over MgSO,, and concentmted in vacuo. Preparanvc TL.C (80/20 ether/hexane)
afforded 21 mg (0.11 mmol) of 2 (GI—IP 1075, 56% yxeld) as a wlutc solid
(mixture of 2 disastereomers based on ‘H NMR).

© H NMR (400 Mhz, CDCl;) & 3.58-3.54 (m), 3.49-3.45 (m), 3.39-3.32
(m), 2.54-2‘,.46 (m); 2.18-2.16(d), 1.80-'1.65 (m), 1.55-1.20 (rn), 1.19@, 7= 6.0

Hz): FT-IR (CHCly) 3613 cm-, 2966, 2872, 2097, 1343,

Example 12

This' example" describes the synthesis of ;-isothiocyanato-‘t-
dimethylphosphonyl-butane (GHP 1078). |
Preparation of 2 |

To 2 25 ml flame dried round bottomed flask charged with 15.2 ml (45.6).

mmol) of MeMgCl (Aldrich Chemical Co., 3.0 M in THF) was added 1.5 ml

5-F15 |
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(11. 41 mmol) of chethyl phosphite 1 whilc the mtr.rnal temperature was mamtamed
around 25° C with occasxonal cooling with ice-water bath After 1 hr, the mixture
was cannulated into the flask chargec_l with 2.55 ml (22.82 mmol) o~f ‘
dibromobutane and 15 ml of THF at 0°C under Ar atmosphere. | Upon addiu'bn,-
the reaction mixture was heated under reflux for § hr, cooled, and dumped into 30

ml of cold dil. HCL. The resulting aqueous solution was extracted with CHC], :

(3x50 ml), and the organic solution was wmhed with sat. k,CO,, dried over

K,CO,, and concentrated in vacuo to give 2.48 g of crude product as a tan oil. -
Puriﬁcmioﬁ by flash columh chromatography (silica-gel, 8/2 EtOAc/MebH-G/@
EtOAc/hexane) afforded 6.72 g (3.42 mmol) of 2 as a colorless oil.
Preparation of 3 .

| In a 100 ml round bottomed flask were placed 0.‘733 g (3.44 minol) of 2,
0 766 g of potassium phthalimide and 20 mi of DMF. The mixture was heated
under reflux for 4 hr, cooled and dumped into 60 ml of CHCl,. The organic
solution was washed with H,O dried err NaHCO,, and concentrated in vacuo t0 |
afford 0.92 g of 3 as a white solid (used for next reaction without further

puriﬁcaﬁon).

. Preparationof 4

To a flask cﬁarged with 0.1 g of 3 was added 4 ml of methanolic hydrazine
(0.2 M) at RT. After 14 hr at RT, the reaction mixture was concentrated, and the
cecidue was treated with § ml of 1 N Hel, washed with CHCL, strongly basified

with solid NaOH. The basified solution was then eitractcd with CHCL (2x20 ml),
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vacuo to 33 mg (0.22 mmol) of 4 as a white solid (used ext reaction without

further purification).

Erggé.ration gfﬁ (QHP 1Q7§) | - |
To a flask charged with 33 mg 0.2 mb of 4 and 1 ml of CHC, were
added at RT 0.02 ml (0.27 mmol) of CSCL, and 0.3 ml ;)f IN NaOI—I..' After 35 |
min at RT, the reaction mixﬁxre was partitioned between 10 ml CHC, of and 10
ml H,0. The sepaiated prganic layer w'a_s: dried over MgSO,, cc;ncenmtqd in
vacuo mq chromatographed (siliéa-gel, 8/2 EtOAc/MeOH) io afford 29 mg (0..15’

mmol) of 5 (GHP 1078) as a reddish yellow oil. 'H NMR (400 Mz, CDCly) &

354, = 6.0 Hz, 2), 1.82-1.70 (m, 68D, 148 G, 3H), 1.4 (s, 3H); FT-R

(CHCJ,) 2941 em-, 2191, 2097, 1302, 1173; °C NMR (400 MHz CDCl,) 344.5,

- 30.6(d,J =202 Hz, 10), 30.7 (d, J = 34.7 Hz, 1C), 19.3,16.2 d,J =69 Hz,

BNSDOCID <WO  §419%48A1 | >

20); P NMR (CDCl;) 846.1; HRMS cald. for' C,H,.NOPS 191.0534, found
195.0536. . | o
Exampl
| This 'examble describes the »synthesis of cis- or trans-3-
(methylsulfonyl)cyclohexylmcmylisothiocyanate (GHP '1079 or 1080).
Preparation of 2

2 was prepared according 10 the literature procedure, and the spectral data
matched the literature values. Kozikowski, A.; Ames,v.A. Tefrahedron 1985,

4821.
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Preparation of 3

To a" 100 ml round bottomed ﬂask were placed 0.438 g (3.0 mmol) of 2,
i 418 g of 2, 4 6-tmsopropylbenzenesulfonohydrazxde (prepared accordmg 1o
lxterature procedure; Jirieny, I Orere, D Reese, C.J. Chem Soc. Perkzn Trans.
I, 1980 1487) and 8 ml of MeOH at R’I‘ Aﬁer 1 hr 0. 739 g of KCN was added
at RT, and the resultmg mixture was heated under gentle reflux for 3 hr. The

reacuon mixture was cooled diluted with 20 ml of H,0, and cxtracted with

CH,Cl, (2x20 ml). The orgamc soluuon was subsequently washed with aq.

NaHCO,, dried over MgSO., concentrated in vacuo and punﬁed by flash column
chromatorgraph (8/2 hexane/EtOAc) to afford 0.360 g (2 3 mmol) of 3 (76 %
yield) as a yellow oil.

mﬂn_ﬁgﬂ&f_ﬁ

To a flask charged w1th 0.36 g (2.32 mmol) of 3 and 10 ml of aqueous

' MeOH (9/1 viv. MeOH/H,0) was added 2.75 g (4. 64 mmol) of OXONE

(2KHSO,. KHSO,. K;SO,) at RT. After 24 hr, the reaction mixture was filtered

" Ihrough a sintered glass funnel, and the filtered solid material was washed with 50

ml of CHCl;. The cpnibined organic solution was washed with H,O, dried over
MgSO, and concentrated in vacuo to afford 0.246 g (1.31 mmol) of 4 (57 % yield)

as a colorless oil. This material was used in the next reaction without purification.

. Preparation of 5

BNSDOCID «<WO  5410048A1 | >

To a LiAIH, suspension in 10 ml of anhydrous ether was cannulated 0.246

g (1.31 mmol) of 4 dissolved in 3 ml of THF at RT. Upon addition, the reaction
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" quenched with 0.5 ml of B,0 and 0.5 ml of 5% of NaCH, andaf%?e%egdofh?gugh 2

sintered glass funnel The sohd matena.l ﬁltered was thoroughly washed with

~ ether. The combmed organic solunon was dned over I(,CO3 and concentxated in

vacuo to afford 0.15 g (0.78 mmol) of 5 (60% yield) as 2 colorless oil. This |
material was used in the next ‘react'ion‘ without puriﬁcaﬁon.i
Preparation of 6a (GHP 107 and 6b GHP 1 |
Toa ﬂask charged with 0. 15 g (0. 78 mmol) ot‘ Sand 3 ml of CHCl; were
added 0.07 ml of CSCl, and 1.5 ml of 5% of NaOH at RT. After 1 hr, t.he
reaction mixture was diluted with 10 ml of CH,Cl,, washed with F,O and brine,
dried over MgSO‘. concentratéd in ﬁcu_o, and chromatographed (silica-gel, 1/1
Eexane)EtOAc) to give 0.123 g (0.53 mmol) of product; 67% ﬁeld) as a mixture

6a and 6b (1:1 ratio). HPLC 40/ 60 EtOAclhexane) separation afforded GHP1079 |

" and GHP 1080 (both as colorless oil). 6a (GHP '079) H NMR (400 MHz,

CDCl,) 863.50 (d I = 6 8 Hz, 2H), 3 09 3.03 (m, 1H), 2.88 (s, 3H), 2.45-2. 37.
(m, 1H), 2. 14-2 07 (m, 1H), 1.98-1.84 (m, 4H), 1.74-1.66 (m, 1H), 1.59-1. 41
(m, ZH), FT-IR (CHCl;) 3013 cm-!, 2943, 2872 2191, 2097, 1449, 1308 BC |
NMR (CDClL) 852.6, 43.5, 336 28.0, 225 2.1, 195 149 HRMS calc.

233.0544 found 233.0545. 6b (GHP 1080): . 'H NMR (400-MHz, CDCl,) 83.47

4,7 = 6.0 Hz, 2H), 2.92-2.82 (m, 1H), 2.84 (s, 3H), 2.28-2.20 (m, 2H), 2.04

@, 7 = 6.8 Hz, 3.0, 1€), 1.87-1.75 (m, 2H), 1.53-1.27 (m, 3H), 1.06 (tq, J =

' 12.2 Hz, 3.6, 1H); FT-IR (CHC) 3025 cm, 2931, 2861, 2161, 2097, 1449,

BNSDOCID' «<WO  9418948A1 | >
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1308; °C NMR (CDCL,) 556.5, 45.5, 32.6, 32.5, 23.9, 23.8, 20.0, 19.1; HRMS
calc. 233.0544 found 233.0548. " -
Example 14

This example descnbes the synthesu of 6-xsot1uocyanato-2 -hexanone
(CH,CO(CH,LNCS)(GH:P 1105).
Preparation of 2 |

To a flask charged with 2.252 g (1S. 22 mmol) of 1 and 20 mi of
chloroform were added 40 ml of TMSCL. The mixture was heated a:ound 45°C,
then cooled to room temperature (RT). To this mixture was added 1.21 ml of CS2
at RT, and the resulting solution was cooled to 0°C and treated with 8 ml of E4N.
After 10 min, the reaction mixture was warmed to RT, and stirred for 2 hr, then
cooled to 0°C, and treated with 2.0 ml of methyl chloroformate. After 45 min at
0°C, the reaétion mixture was armed at RT, diluted 75 ml of hexane, filtered off,
and concentrated in vacuo. The residue was dissolved in 75 ml of THF at 0°C,
then 7 ml of H,O was ac!ded to it. After 1.5 days, the reaction was dried over
MgSO,, concentrated and chromatographed (silica-gel, 20/80 EtOAc/hexane—=1/1 |
EtOAc/hexane) to afford 1.563 g (9.80 mmol) of 2.

tion of 3 (GHP 11 |

A mixture of 0.3 g (1.89 mmol) of 2, 0.18 ml of SOCL, and 10 m! of
CHC], was heated under refiux for 2 hr. Upon removal of solvent, the residue
was redissolved with 2 ml of dry ether. To this solution was added Me,Culi

(prepared from Cul and 2MeLi in ether) at -78°C. After 2 hr at -78°C, the
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with ether. The orgamc solution was dned over MgSO‘, conccng-ate& fr{ ggcuo,
and ch:omatogmphed (smca-gel 30770 ethcr/hcxane) to afford 0.022 8 (0.13
mol) of 3 (‘7 % yield from 2) as an 011 'H NMR (300 MHz, CDCl,) 83.55-3.49
(m, 2H0, 2.532.47 (m, 2HO, 2.16 (s, 38), 1.72-1.68 @, 4RO; FT-IR (CHCL) |
3019 cm-!, 2191, 2112, 1715, 1224.
Example 15 |
| Thls example describes the synthesxs of 6-1$othxocyanato-2 -hexanol (GHP
1106). | |
| To a flask chai'ged with v15.0 mg 0.1 ‘mmol) of 1 and 2 m! of EtOH was
added 3.6 mg (0.1 mmol) of NaBH4 at 0°C. After 10 min, the reéction mixture

was treated with 20 drops of H;0, dried over MgSQ,, concentrated in vacuo, and

chromatographed (30/70 ether/hexane) to afford 7.5 mg (0.05 mmol) of 2 (GHP

1106, 49% yield) as a liquid. |
'H NMR (400 MHz, CDCL,) §3.87-3.77 (m, 1H), 353 @t J = 6.6 Ha,

2H), 1.78-1.68 (m, 2H), 1:50-1.35 (m, 45, 1.21 (d, 6.2 Hz, 3H); FT-IR (CHCly)
3615 cm-, 2945, 2180, 2107, 1375.
Example 1§' |

 This examplé dc#cribes the relative Linducc'r activity of a large variety of
sulforaphane analogs. |

 Analogs were synthesized and tested in the hepatoma cell assay described

in Example 1. The resulis are shown in Table 3.
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Table 3
cD F cD
STRUCTURE =M STRUCTURE M
- NCS
GHP 1001 | _S _AUAUNES 171 | GHP 1023 CL» _ 100
’ - : s
GHP 1002 | 3~ ~KCS 0.94 | GHP 1031 rCS 100
Q.0 100
GHP 1003 | ¢ . NCS 0.98 § GHP 1032 - NGS
' N~ : a . 100
GHP 1004 FgMgl_ 0.33 | GHP 1033 NS
o
GHP 1005 | ~>~"xs 0.20 HNCO
sulforsphane ‘
GHP 1006 oS~ 2.30 | GHP 1041 @‘Ncs 2.41
. o0 ' OMe
GHP 1007 | 5 anys 0.82 | GHP 1042 @,NG 8.65
GHP 1008 | S ALKS 3.52 OMe
o. : NCS
GHP 1009 | .S ANG 236 | GHP 1043 | 25
Q.0 -
GHP 1010 | SAUNS 1.32
' OMe
GHP. 1021 o 4.3 | GHP 1044 NCS 5.3
~
' « OMe
NCS
GHP 1022 ©:\' 7.4 .
3 o @" NCS
) GHP 1045 NMe, 12.5
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5-F23




R -Case 1:07-cv-07844-SAS :‘;,D>0(4:um‘e-nt 43-46 . . -Ffiled_ 05/09/2008 . Page-24 of 57. ", « .. . .-

L

‘WO 94/19948 o PCT/US94/02453
.37 .
GHP 1080 o Qua 0.41 | GHP 11@3 BOOC A~ xes .19
. ot: ~ , - C
GHP 1081 j\M 2.0 | GHP 1104 MWN‘: » 2.8
ale NCS .
GHP 1101 NC~~ ncs 1.97 | GHP 1105 AN s 0.23
o o ' S : ‘
GHP 1102 MeO " Nes 2.81 | GHP 1106 | A~y 0.35
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acnve mgredlent whlch 1s sulforaphane (( )1- -isothiocyanato-(4R)-
(mcmylsulﬁnyl)butane) (CAS 4478- 93-7) or an analogue thereof said analogue ’

having a first moiety whxch is an 1sptluocyanate anda second moiety which is a_

- polar functional group, wherein said analogue has a chain of one or more carbon

atoms linking said first and said seﬁond moieties, and ivherein said anaiogiie
contains no p'yfidyl moieties.

2. The phannaceuticél composition of claim 1 wherein said analogue ‘.
is not a heteroaromatic compoimd.- |

3. The pharmaceutical composition of claim 1 wherein said analogue

is not an arylalkyl compound

4. The pharmaceutical composition of claim 1 wherein said second-_ ,

inoicty is a polar functional group -selected from the group ‘consisting of a

.quboxy'lic ester, a carboxylic acid, an ether, 2 halogen, a hydroxyl, a ketone, 3.

pitrile, a nitro, a phosphine oxide, a sulfide, sulfone, a sulfoxide, a thioether, and

BNSDOCID <WO  541834B8A1 1 »

a thioester.

5.  The pharmaceutical cofnpositioxi of claim 1 wherein said second
moiety is a .pola.tf functional group selected from the group consisting of a‘
hydroxyl, a ketone, a phosphine 6xid=, a sulfone, and a sﬁlfoxide.

6. The pharmaceutical compdsition of claim 1 wﬁerein said chain of.

carbon atoms has at least three carbon atoms.
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7. The pharmaceutical composition of claim 1 wherein said chain of
carbon -atoms. has from three to five carbon atoms. - |
8.  The pha:maccuﬁml comﬁosition of claim 1 wheréin sa1d analogue
is an olefin. - |
é. The pt‘xarmaceulﬁml composition of claim 1 wherein said analqgue
is aliphatic. |

10. The phannaceuticzﬂ wﬁﬁosiﬁon of claim .1 wherein said chain of |
carbon Vatoms is part of a non-aromatic ring.
11. The pharmaceutical composition of ‘claim 1 wherein said active-
ingredient is sulfox;aphane., |
| 12. The pharmaceutical composition of claim 1 wherein said active
ingredient is sulforaphene (4-isothiocyanato—(lR)—(meth_ylsulﬁnyl)-1-(E)-butenc)'-
(CAS 2404-46-8). | | |

- 13.  The pharmaceutical corﬁposition of claim 1 wherein said active

‘ingredient is selected ffor_n the group consisting of: 6-isothiocyanato-2-hexanon

(GHP 1105); exo-2-acetyl-6-isothiocyanatonorbornane (GHP '1066); exo-2-
isothiocyanato-6-methylsu1fonylnorbdrriane' (GHP 1068); 6-isothiocyanato-2-

hexandl (GHP 1106); 1-isothiocyanato-4-dimethylphosphonylbutane (GHP 1078);

_ exo-z-(l'-hydroxyemyl)-S-isomiocyanatonorbomane (GHP 1075); exo-2-acetyl-5-

BNSDOCID «WO  ©419548A1 | »

isomiocyanatdnorbomanc (GHP 1067); 1-isothiocyanato-5-methylsulfonylpentane
(GHP 1003); and cis- or tran.;—3-(methyisulfonyl)cyclphexylmethylisot}ﬁocyanate

(GHP 1079 or 1080).
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phannaceuumlly acceptable exapxent
15. A compound whxch has cancer chemoprotectJon activity consxstmg
of: 1-1sothlocyanato-5~methylsulfonylpentane (CH,-SO,-(CH,),—NCS) (GHP -
1003). |
| 16.. | A coﬁapound which has canoer ohem0protection activity consisting
of: 6-isothiocyanato-2-hexanone (CH;CO(CHL)NCS) (GI-IP 1105).

17. A compound which has cancer chemoprotection activity consisting

of: exo?2-acetyl-6—isothiocyanatonorbofnane (GHP 1066).

18." A compound §vhich has cancef chemoprotection activity consisting
of: exo-2-isothiocyanato-6-methylsulfonylnorbomane (GHP 1068).

19. A compound wﬁich has concer chemoprotection activity consisting
of: 6-isothiocyanato-2-hexanol (GHP 1~106).'

20, A wﬁmuﬁd w'hich. has cancer chemoprotecﬁon activity consisting
of: 1-1sotluocyanato—4-dxmemylphosphonylbutane (GHP 1078)

2. A compound which has cancer chemoprotection acnvxty consisting

of: ao-2-(1'-hydroxyethyl)-S-isothiocyanatonorbomane (GHP 1075).

22. ,.A compound which has cancer chemoprotection activity consisting ‘-

of: exo—2-aoety1-5-isotlﬁooyanatonorbornanc (GHP 1067).
8. A oompound which has cancer chémoprotection activity consisting
of: cis- or trans-3-(methylsulfonyl)cyclohexylmemylisomiocyaxiate (GHP 1079 or

1080).
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24. A method for protectiné against cancer induction or i)mgression,
comprising: 'A - ) | |
| administering to .a mammal 2 cﬁemoprét'ectiv,e composition
consisting essen;iﬁlly . of sulforaphane ((-)l-isot‘hiocyanat'o-(‘tR)-
(memylsulﬁnyl)butane) oran aﬁaloghc thereof, said analogue having a»ﬁrst moicry |
which is an isothiocyanate functionality and a second m&iety which is a polar
functional group, wherein said analogue has a chain of one or more carbon atoms
linking said first and said second moieties, and Qherein said analogue contains no
pyridyl mmeucs in an amount effective in producmg a cancer preventive effect. .

25. A food product whxch has been supplemented with an active

chemoprotective compound wherem sa1d compound is sulforaphane ((=)1-

1sothlocyanato-(4R) (methylsulﬁnyl)butane) or an analogue thereof, said -analogue

. BNSDOCID: <WO___5419948A1_1_>

having a first moiety which is an 1sottuocyanate functionality and a second moiety
which is a polar functional group, wherein said analo'gﬁe has a chain of one or

more carbon atoms linking said first and said second moieties.
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FIGURE 1
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FIGURE 2
Yo C—§ CE{,_—CH;—-G'Iz' -C!-Iz-;;‘—c—s :
H 114 —~
L 160 :
FIGURE 3 |
SYNTHESIS OF GHP 1003
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' INTERNATIONAL SEARCH REPORT International application No.
' o ‘ PCT/US94/02453

A.. CLASSIFICATION OF SUBJECT MATTER

IPC(S) :AO1N 47/40; CO7C 331/04, 331/12

US CL :514/514; 558/17 . .
According to International Patent Classification (IPC) or to both national clnssnﬁcauon and PC

B. FIELDS SEARCHED . : -

Minimum documentation scarched (classification system followed by classification symbols)
U.S. : 514/514; 558/17; an IPC(5): AOIN 47/40; CO7C 331/04, 12 '

_| Documentation scarchied other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the intemnational scarch (name of data base and, where practicable, search terms used)
CAS-online - '

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category®* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim N .

A Carcinogenesis, Volume 8, No. 12, issued 1987, Lee W.| 1-25
Wattenberg, "Inhibitory effects of benzyl isothiocyanate
administered shortly before diethyinitrosamine of benzi[a]
pyrene on pulmonary and forestomach neoplasia in AIJ
mice”, pages 1971- 1973

A Cancer Research, Volume 51, issued 13 April 1991, Gary D.| 1-25
Stoner et al, "Inhibitory Effects of Phenethyl Isothiocyanate
on N-Nitrosbenzylmethylamine Carcinogenesis in the Rat
Esophagus”, pages 2063-2068.

D Further documents are listed in the continuation of Box C. D Sce patent family annex.
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Atty. Dkt. No. 046585/0138
' IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Jed FAHEY, et al.

Title: Cancer Chemoprotective Food Products

Appl. No.:  09/825,989

Filing Date:  April 5, 2001 A
Examiner: Cybille Delacroix-Muirheid
Art Unit: 1614

AMENDMENT TRANSMITTAL

Commissioner for Patents
Washington, D.C. 20231
Sir:
Transmitted herewith is an amendment in the above-identified application.

[X] Small Entity status under 37 C.F.R. § 1.9 and § 1.27 has been established by a Small Entity
statement previously submitted.

[] Small Entity statement is enclosed.

[ X] The fee required for additional claims is calculated below:

Claims Previously Extra Additional Claims
as Amended Paid For Claims Rate Fee
Present
Total Claims: 24 0 20 = 4 X $18.00 = $72.00
Independents: 2 O 3 = 0 X $84.00 = $0.00
First presentation of any Multiple Dependent Claims: + $280.00 = $0.00
CLAIMS FEE TOTAL: = $72.00

[X] Applicant hereby petitions for an extension of time under 37 C.F.R. §1.136(a) for the total
number of months checked below:

~ 5-F36
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Jed FAHEY, et al.
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[ ] Extension for response filed within the first month: $110.00 $0.00
[ X1 Extension for response filed within the second month: $400.00 $400.00
[ ] Extension for response filed within the third month: $920.00 $0.00
[ 1 Extension for response filed within the fourth month: $1,440.00 $0.00
[ 1 Extension for response filed within the fifth month: $1,960.00 $0.00
EXTENSION FEE TOTAL: $400.00

CLAIMS AND EXTENSION FEE TOTAL: $472.00

[X] Small Entity Fees Apply (subtract 2 of above): $236.00
TOTAL FEE: $236.00

[1] Please charge Deposit Account No. 19-0741 in the amount of $236.00. A duplicate copy of

this transmittal is enclosed.

[X] A check in the amount of $236.00 is enclosed.

[X] The Commissioner is hereby authorized to charge any additional fees which may be required
regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, to
Deposit Account No. 19-0741. Should no proper payment be enclosed herewith, as by a
check being in the wrong amount, unsigned, post-dated, otherwise improper or informal or
even entirely missing, the Commissioner is authorized to charge the unpaid amount to

Deposit Account No. 19-0741.

Please direct all correspondence to the undersigned attorney or agent at the address indicated

below.

Date October 22, 2002

FOLEY & LARDNER
Customer Number: 22428

AR

22428

PATENT TRADEMARK OFFICE

Telephone: (202) 672-5483
Facsimile: (202) 672-5399

Respectfully submitted,

By A/

Richard C. Peet
Attorney for Applicant
Registration No. 35,792
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Applicant: Jed FAHEY, et al.

Title: CANCER CHEMOPROTECTIVE FOOD PRODUCTS

——
i
£
Appl. No.:  09/825,989 = < DO
m oM
Filing Date:  April 5, 2001 = .« D
1ling Date: pril 5, L2 LN m
o ~o
Examiner:  Delacroix Muirhei, C. % § rﬁ
2] W
Art Unit: 1614 S
m
2 o 3
AMENDMENT AND REPLY UNDER 37 C.F.R. §1.111 A 4 @)
= = m
Commissioner for Patents N - =
Washington, D.C. 20231 > 2 m
S ° g
Sir: 3
[ |
S
In reply to the Office Action dated May 22, 2002, the due date for response having
been extended two months to October 22, 2002, Applicant(s) submit(s) the following
Amendment and Reply under 37 C.F.R. § 1.111.
Appliéants concurrently file herewith a Petition for Extension of Time under 37
C.F.R. § 1.136(a), with provision for the required fee, to extend the period for response for
two month(s) up to, and including, October 22, 2002. If additional fees are necessary to
prevent abandonment of this application, the Commissioner is hereby authorized to charge
Deposit Account No. 19-0741.
IN THE CLAIMS:
In accordance with 37 C.F.R. § 1.121, please substitute for claims 58, 59, 61 and 62
N

the following rewritten version of the same claims, as amended. The changes are shown

explicitly in the attached “Version with Markings to Show Changes Made™.

g\ 58. (Amended) A method of making a food product comprising extracting

glucosinolates and isothiocyanates from plant tissue having a high concentration of

10/23/2002 TBESHAHL 00000006 09825969
02 FC:2202 36.00 0P
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glucosinolates, recovering said glucosinolates and isothiocyanates and adding said

glucosinolates and isothiocyanates to food;

wherein said extracting comprises contacting said plant tissue with a non-toxic solvent

at a temperature sufficient to inactivate myrosinase enzyme activity.

59. (Amended) The method according to claim 58, wherein said non-toxic solvent is

water.

61. (Amended) The method according to claim 58, wherein said non-toxic solvent is

liquid carbon dioxide.

62. (Amended) The method according to claim 58, wherein said non-toxic solvent is

ethanol.

y .
Please add the following newly added claims.

--68. (New) The method of claim 58 wherein said food product is selected from the

group consisting of a bread, a drink, a soup, a salad, a sandwich and a cereal.
69. (New) .The method of claim 68 wherein said drink is a tea.

70. (New) The method of claim 58 wherein said extracting further comprises

homogenizing said plant tissue with said non-toxic solvent.

e

71. (New) The method of claim 63 wherein said sprouts, seeds, plants or plant
parts have at least 250,000 units per gram fresh weight of Phase 2 enzyme-inducing

potential. --

002.901345.1

REMARKS

Status of the Claims

By this amendment, claims 58, 59, 61 and 62 are amended and claims 68-71 are

added. Upon entry of this Amendment, claims 48-71 will be pending in the application.

22-
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Support for the amendments to claim 58 are found throughout the specification, for
example on page 9, lines 1-18; page 11, lines 20-24; page 17, line 15; and page 21, lines 10-
29. Support for newly added claim 68 is found in the specification on page 11, lines 24-31.
Support for newly added claim 69 is found in the specification on page 11, line 29 and page
21, line 36, through page 22, line 2. Support for newly added claim 70 is found in the
specification on page on page 36, lines 13-21. Support for claim 71 is found on page 20, line

29 of the specification. Claims 68-71 arc added to further define claim scope.

Because the foregoing amendments do not introduce new matter, entry thereof by the

examiner is respectfully requested.

Issues Under Information Disclosure Statement (IDS)

The Examiner states that Applicants’ IDS received April 5, 2001 has been considered
in part, i.e. U.S. Patents. However, the Examiner states that references A3-A76 were not in
parent application 09/425,890 and requests copies of these documents. Attached herewith are
copies of references A3-A46 and A48-A76. A copy of A47 will be provided in the near
future. Also attached is a copy of the Form PTO-1449 submitted with the IDS filed on April
5,2001. Applicants respectfully request that any listed document be considered by the
Examiner and be made of record in the present application and that an initialed copy of the

enclosed Form PTO-1449 be returned in accordance with MPEP § 609.

Claim Objections

Claim 53 is objected to by the Examiner because the claim contains an improper
Markush group. Applicants have amended claim 53 by replacing “or” with --and--.
Applicants respectfully request withdrawal of the rejection.

Claim Rejections - 35 U.S.C. & 112, Second Paragraph

Claims 59, 61 and 62 are rejected by the Examiner under 35 U.S.C. § 112, second
paragraph for being indefinite. Applicants respectfully request reconsideration and

withdrawal of the rejection.

002.901345.1
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The Examiner asserts that in claims 59, 61 and 62, there is insufficient antecedent
basis for the term “said solvent” in line one. Applicants respectfully disagree because there is
antecedent basis for the term “said solvent”. However, in order to expedite prosecution,

Applicants have amended claims 59, 61 and 62 to recite “said non-toxic solvent”.

Allowable Subject Matter

The Examiner asserts that claims 48-57 are free from the prior art because the prior art

does not disclose or fairly suggest Applicants’ claimed method.

Claim Rejections - 35 U.S.C. § 102

A. Claims 58, 59, 62 and 63 are rejected by the Examiner under 35 U.S.C. § 102
as being anticipated by Jones et al. (U.S. Patent No. 5,158,656). Applicants respectfully

request reconsideration and withdrawal of the rejection.

The present claims, as amended, are directed to a method of making a food product
comprising extracting glucosinolates and isothiocyanates from plant tissue rich in
glucosinolates, recovering the glucosinolates and isothiocyanates, and adding the glucosinolates
and isothiocyanates to a food. The extracting step involves contacting said plant tissue with a
non-toxic solvent at a temperature sufficient to inactivate myrosinase enzyme activity. Jones et
al. is directed toward a process for producing a protein concentrate for a dehulled, defatted
oleaginous thioglucoside and phenolic containing seed material. The two methods are different
from one another because while the method of the present invention involves recovering
glucosinolates and isothiocyanates and adding the recovered materials to food, the method of
Jones et al. involves removing glucosinolates and other materials from oilseeds in order to
recover a nutritious protein concentrate that is free of these materials. Therefore, the method of
Jones et al. comprises completely different steps and results in a completely different product

than the presently claimed method.

Furthermore, Jones et al. teaches away from the presently claimed method. The present
specification teaches that most of the Phase 2 inducer potential of crucifer plants is due to their

content of isothiocyanates and their biogenic precursors, glucosinolates. See page 15, lines 3-6.

5-F41
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Thus, the present method is directed to recovering glucosinolates and isothiocyanates and
adding these compounds to food. In contrast, in column 1, lines 7-13 of Jones et al,, it states
that “certain oilseeds. . .contain thioglucosides (glucosinolates) which, by means of endogenic
enzymes, €.g. myrosinases, are split into the deleterious substances isothiocyanates and/or
oxazolidinethiones, and glucose and bisulphate.” In column 3, lines 40-44, Jones et al. states
“The glucosinolates contained in rapeseed are, as is well known, hydrolyzed by myrosinase
under the appropriate conditions to isothiocyanates, nitriles and oxazolidinethiones some of
which are known to cause goiter.” Jones et al. also states at column 3, lines 48-53 that “it is
essential for food use, to remove the glucosinolates and those other factors that can cause
unattractive flavor and coloration and decreased nutritive value of foods.” Therefore, the

present invention is not anticipated by Jones et al. because the method of Jones et al. removes

~ glucosinolates to yield a nutritious protein extract, while the present invention recovers the

002.901345.1

glucosinolates and adds them to food. Additionally, Jones et al. teaches away from the present

invention.

B. Claims 58, 59 and 63 are rejected by the Examiner under 35 U.S.C. § 102 as
being anticipated by Anjou et al. (U.S. Patent No. 4,083,836). Applicants respectfully request

reconsideration and withdrawal of the rejection.

The method of Anjou et al. is directed toward preparing an edible protein concentrate
which is non-toxic and has an acceptable light color and a neutral bland flavor. As discussed
above with respect to Jones et al., the method of Anjou et al. differs from the presently claimed
method because while the method of the present invention involves recovering glucosinolates
and isothiocyanates and adding the recovered materials to food, the method of Anjou et al.
involves removing glucosinolates and other materials from seeds of Brassica species in order to
recover a nutritious protein concentrate that is free of these materials. Therefore, the method of
Anjou et al. comprises completely different steps and results in a completely different product

than the presently claimed method.

Furthermore, as discussed above with respect to Jones et al., Anjou et al. teaches away

from the presently claimed method. Anjou et al. emphasizes the necessity of removing

5-F42
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glucosinolates from seeds of Brassica species in order to produce a protein concentrate “which
is non-toxic, has an acceptable light color, a neutral and mild flavor and a high nutritional value
and which thus is well suited for human consumption.” See column 1, lines 8-11. Incolumn 1,
lines 21-28, Anjou et al. discusses the drawbacks of prior art oil extractions which contained
“glucosinolates, which could be split into deleterious compounds with pungent flavor.” Anjou
et al. therefore teaches away from the present method by emphasizing the necessity of removing
glucosinolates from Brassica seeds in order to produce a non-toxic protein concentrate that is
suited for human consumption. Therefore, the present invention is not anticipated by Anjou et
al. because the method of Anjou et al. removes glucosinolates to yield a nutritious protein
extract that is free of glucosinolates, while the present invention recovers the glucosinolates and

adds them to food. Additionally, Anjou et al. teaches away from the present invention.

Claim Rejections - 35 U.S.C. § 103

Claim 60 is rejected by the Examiner under 35 U.S.C. § 103 as being unpafentable
over Anjou et al. The Examiner asserts that while Anjou et al. does not disclose that the
temperature of the leach water is 100° C, it would have been obvious to one of ordinary skill
in the art to further modify the leaching method of Anjou et al. such that the temperature is
effective to result in optimum extraction of glucosinolates from the seed material, since
Anjou et al. establish that the glucosinolate leaching process is temperature dependent.

Applicants respectfully request reconsideration and withdrawal of the rejection.

A proper rejection for obviousness under §103 requires consideration of two factors:
(1) whether the prior art would have suggested to those of ordinary skill in the art that they
should make the claimed composition, or device, or carry out the claimed process and (2)
whether the prior art would also have revealed that in so making or carrying out, those of

ordinary skill would have a reasonable expectation of success. Both the suggestion and the

reasonable expectation of success must be founded in the prior art, not in the applicant’s
disclosure. [emphasis added] In re Vaeck, 947 F.2d 488, 493, 20 USPQ2d 1438 (Fed. Cir.

1991).

5-F43



002.801345.1

Case 1:07-cv-07844-SAS Document 43-46  Filed 05/09/2008 Page 44 of 57

Atty. Dkt. No. 46585/138 FAHEY, et al.
Serial No. 09/825,989
In the pending case, the examiner has failed to establish a prima facie case of
obviousness. As discussed above, Anjou et al. teaches away from the present. The present
specification teaches that most of the Phase 2 inducer potential of crucifer plants is due to their
content of isothiocyanates and their biogenic precursors, glucosinolates. See page 15, lines 3-6.
Thus, the present method is directed to recovering glucosinolates and isothiocyanates and
adding these compounds to food. In contrast, the method of Anjou et al. involves removing
glucosinolates to produce a protein concentrate that is suitable for human consumption. Anjou
et al. emphasizes the necessity of removing glucosinolates from seeds of Brassica species in
order to produce a protein concentrate “which is non-toxic, has an acceptable light color, a
neutral and mild flavor and a high nutritional value and which thus is well suited for human
consumption.” See column 1, lines 8-11. In column 1, lines 21-28, Anjou et al. discusses the
drawbacks of prior art oil extractions which contained “‘glucosinolates, which could be split into
deleterious compounds with pungent flavor.” Because Anjou et al. teaches a method that is
completely opposite to the teachings of the present specification, Anjou et al. would not have
suggested to those of ordinary skill in the art that they should carry out the claimed process.
Additionally, Anjou et al. would not have provided a reasonable expectation of success in
carrying out the method of the present invention because Anjou et al. emphasizes the
necessity of removing glucosinolates from seeds of Brassica-species because of their
potentially toxic breakdown products and pungent flavor. Therefore, claim 60 is not obvious

over Anjou et al.

Recent Decisions by the United States Court of Appeals for the Federal Circuit

In compliance with MPEP 2001.06(c), attached, as Exhibit 1, is a copy of a decision

by the Court of Appeals for the Federal Circuit for In re Cruciferous Sprout Litigation. This
decision has no impact on the validity of the claims presented herein. The prior art does not
teach or suggest a method of making a food product comprising extracting glucosinolates and

isothiocyanates from plant tissue.
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CONCLUSION

As the above-presented amendments and remarks address and overcome all of the
rejections presented by the examiner, withdrawal of the rejections and allowance of the

claims are respectfully requested.

If the examiner has any questions concerning this application, he or she is requested to

contact the undersigned.

Respectfully submitted,

Date October 22, 2002 "By Q&O\d&l} <, 9N

FOLEY & LARDNER Richard C. Peet
Washington Harbour Attorney for Applicant
3000 K Street, N.W., Suite 500 Registration No. 35,792

Washington, D.C. 20007-5109
Telephone:  (202) 672-5483
Facsimile: (202) 672-5399

002.901345.1
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VERSION WITH MARKINGS TO SHOW CHANGES MADE

IN THE CLAIMS:

58. (Amended) A method of making a food product comprising extracting

glucosinolates and isothiocyanates from plant tissue [rich in] having a high concentration of

glucosinolates, [with the exception of cabbage, cress, mustard and radish sprouts, comprising

homogenizing said plant tissue in a non-toxic solvent at a temperature sufficient to inactivate

myrosinase enzyme activity] recovering said glucosinolates and isothiocyanates and adding said

glucosinolates and isothiocvyanates to food;

wherein said extracting comprises contacting said plant tissue with a non-toxic solvent

at a temperature sufficient to inactivate myrosinase enzyme activity.

59. (Amended) The method according to claim 58, wherein said non-toxic solvent is

water.

61. (Amended) The method according to claim 58, wherein said non-toxic solvent is

liquid carbon dioxide.

62. (Amended) The method according to claim 58, wherein said non-toxic solvent is

ethanol.
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oot 27700 Atty. Dkt. No 046585/0138
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Urg mpoey” IN THE UNITED STATES PATENT AND TRADEMARK OFFICE By \:
Applicant:  Jed FAHEY, et al. | “:*- ~ .
D
: , = S ¥ \“’\bl
Title: Cancer Chemoprotective Food Products ) S
5 5 0
. No.: 25,98 m
Appl. No 09/825,989 77 N m
Filing Date:  April 5, 2001 s 8 S
S S8 M
& W
[
[ =)

Examiner: Cybille Delacroix-Muirheid

Art Unit: 1614
PETITION FOR EXTENSION OF TIME

Commissioner for Patents
Washington, D.C. 20231

Sir:
Applicant hereby petitions the Commissioner under 37 C.F.R. 1.136(a) for a two-month
extension of time for response in the above-identified application for the period required to make the

attached response timely.
The extension fee for response within the second month is $200.00. A check for this amount

is enclosed herewith. .
\ The Commissioner is hereby authorized to charge any additional fees which may be required
regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, to Deposit
Account No. 19-0741. Should no proper payment be enclosed herewith, as by a check being in the
wrong amount, unsigned, post-dated, otherwise improper or informal or even entirely missing, the
Commissioner is authorized to charge the unpaid amount to Deposit Account No. 19-0741.

Respectfully submitted,

Date October 22, 2002 By |

FOLEY & LARDNER Richard C. Peet

Customer Number: 22428 Attorney for Applicant
Registration No. 35,792
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" Source: Legal > Area of Law - By Topic > Patent Law > Cases and Court Rules > Patent Cases from Federal Courts ®
Terms: in re cruciferous sprout litigation (Edit Search)
" ¢ Select for FOCUS™ or Delivery
=

v 301 F.3d 1343, *; 2002 U.S. App. LEXIS 17185, **

IN RE CRUCIFEROUS SPROUT LITIGATION; BRASSICA PROTECTION PRODUCTS LLC and JOHNS HOPKINS
UNIVERSITY, Plaintiffs-Appellants, v. SUNRISE FARMS, BECKY CRIKELAIR, and FRANK CRIKELAIR,
Defendants-Appellees, and EDRICH FARMS INC., EDWARD B. STANFIELD, III, EDWARD F. STANFIELD, JR.,
RICHARD STANFIELD, and SALLY F. STANFIELD, Defendants-Appellees, and BANNER MOUNTAIN SPROUTS,
BANNER MOUNTAIN SPROUTS INC., and LAWRENCE RAVITZ, Defendants-Appellees, and HARMONY FARMS,
GREG LYNN, and LORNA LYNN, and INTERNATIONAL SPECIALTY SUPPLY and ROBERT L. RUST, Defendants-
Appellees.

02-1031
UNITED STATES COURT OF APPEALS FOR THE FEDERAL CIRCUIT

301 F.3d 1343; 2002 U.S. App. LEXIS 17185

August 21, 2002, Decided

PRIOR HISTORY: [**1] Appealed from: United States District Court for the District of Maryland. Judge
William M. Nickerson.

‘In re Cruciferous Sprout Patent Litig., 168 F. Supp. 2d 534 (D. Md. 2001).

DISPOSITION: Affirmed.

CASE SUMMARY

PROCEDURAL POSTURE: Plaintiffs, patent owners, had three patents-in-suit related to the growing an
eating of sprouts to reduce the level of carcinogens in animals. The United States District Court for
the District of Maryland granted defendants, farmers', motion for summary judgment on the grounds
the patents were invalid as anticipated by the prior art. The patent owners appealed.

OVERVIEW: The patents described methods of preparing food products that contained high levels of
substances that induce Phase 2 enzymes. These enzymes were part of the human body's mechanism
for detoxifying potential carcinogens. Thus, they had a chemoprotective effect against cancer. The
patent owners filed patents related to the method of preparing food rich in glucosinolate, preparing
human food products from sprouts, and method of increasing the chemoprotective amount of Phase 2
enzymes in a mammal, as well as a method of reducing the level of carcinogens in a mammal, by
creating a "food product” from sprouts and then administering said food product to a mammal. The
court of appeals held that it rejected the patent owner's proposed claim construction for the phrases
"rich in glucosinolates" and "high in Phase 2 enzyme-inducing potential" because it was inconsistent
with the language of the dependant claims. The patent owners had not done anything more than
recognize properties inherent in certain prior art sprouts, and had not invented anything new, and
therefore, their claims were invalid.

OUTCOME: The judgment was affirmed.

CORE TERMS: sprout, patent, phase, glucosinolate, rich, enzyme-inducing, seed, food product,
specification, cruciferous, preamble, invention, anticipated, disclose, plant, alloy, food, kale, summary
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judgment, preparing, broccoli, cabbage, enzyme, chemoprotective, harvesting, cultivars, inventor, cancer,

_eating, anticipation

CORE CONCEPTS - ¢ Hide Concepts

Civil Procedure > Appeals > Standards of Review > De Novo Review
X An appellate court reviews a grant of summary judgment de novo, drawing all reasonable factual
inferences in favor of the non-moving party.

Patent Law > Infringement > Summary Judgment
X with regard to a patent infringement claim, summary judgment is appropriate when there is no
genuine issue of material fact and the moving party is entitled to judgment as a matter of law.
Anticipation is a question of fact, and is determined by first construing the claims and then
" comparing the properly construed claims to the prior art.

Civil Procedure > Appeals > Standards of Review > De Novo Review

Patent Law > Jurisdiction & Review > Standards of Review

X Under patent law, claim construction is an issue of law that an appellate court reviews de novo. An
appellate court also determines de novo whether the evidence in the record raises any genuine
disputes about material facts.

Patent Law > Specification & Claims > Claim Preambles

X Under patent law, no litmus test defines when a preamble limits claim scope. Whether to treat a
preamble as a limitation is a determination resolved only on review of the entirety of the patent to
gain an understanding of what the inventors actually invented and intended to encompass by the
claim. In general, a preamble limits the claimed invention if it recites essential structure or steps, or
if it is "necessary to give life, meaning, and vitality" to the claim. Clear reliance on the preamble
during prosecution to distinguish the claimed invention from the prior art may indicate that the
preamble is a claim limitation because the preamble is used to define the claimed invention.

Patent Law > Infringement > Claim Interpretation

¥ Under patent law, the words of a claim are generally given their ordinary and accustomed meaning,
unless it appears from the specification or the file history that they were used differently by the
inventor. However, limitations appearing in the specification will not be read into claims, and
interpreting what is meant by a word in a claim is not to be confused with adding an extraneous
limitation appearing in the specification, which is improper.

Patent Law > Infringement > Claim Interpretation
X Under patent law, a violation of the doctrine of claim differentiation is found when a proposed
" construction would render another claim superfluous.

Patent Law > Novelty & Anticipation
X Under patent law, in order to prove that a claim is anticipated under 35 U.S.C.S. § 102(b), a
“defendant must present clear and convincing evidence that a single prior art reference discloses,
either expressly or inherently, each limitation of the claim.

Patent Law > Novelty & Anticipation

X Under patent law, a prior art reference may anticipate when the claim limitations not expressly
found in that reference are nonetheless inherent in it. Under the principles of inherency, if the prior
art necessarily functions in accordance with, or includes, the claimed limitations, it anticipates.
Inherency is not necessarily coterminous with the knowledge of those of ordinary skill in the art.
Artisans of ordinary skill may not recognize the inherent characteristics or functioning of the prior
art.
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Patent Law > Patentable Subject Matter > Products

£ Under patent law, the basic provision of 35 U.S.C.S. § 101, provides in relevant part that whoever

" invents or discovers any new composition of matter, or any new improvement thereof, may obtain a
patent therefor, subject to the conditions and requirements of this title.

B patent Law > Novelty & Anticipation
2 Under patent law, newly discovered results of known processes directed to the same purpose are
not patentable because such results are inherent.

Patent Law > Novelty & Anticipation

ZUnder patent law, the public remains free to make, use, or sell prior art compositions or processes,
regardless of whether or not they understand their complete makeup of the underlying scientific
principles which allow them to operate.

COUNSEL: E. Anthony Figg, Rothwell, Figg, Ernst & Manbeck, P.C., of Washington, DC, argued for plaintiffs -
appellants. With him on the brief were Joseph A. Hynds and Mark I. Bowditch.

Joseph A. Kromholz, Ryan, Kromholz & Manion, of Milwaukee, Wisconsin, argued for defendants-appellees.
With him on the brief for defendants-appellees Sunrise Farms, et al. was Daniel R. Johnson. On the brief for
defendants-appellees Harmony Farms, et al. was Delbert J. Barnard, Barnard & Pauly, P.S. On the brief for
defendants-appellees Edrich Farms Inc., et al. was Philip M. Andrews, Kramon & Graham, P.A., of
Baltimore, Maryland. On the brief for defendants-appellees Banner Mountain Sprouts, et al. was Donald W.
Ullrich, Jr., The Ullrich Law Firm, of Sacramento, California.

JUDGES: Before CLEVENGER, BRYSON, and PROST, Circuit Judges.

OPINIONBY: PROST

OPINION:

[*1345] PROST, Circuit Judge.

Brassica Protection Products LLC and Johns Hopkins University (collectively "Brassica") appeal from the
decision of the United States District Court for the District of Maryland granting summary judgment that
U.S. Patent [*2] Nos. 5,725,895 ("the '895 patent"), 5,968,567 ("the 567 patent"), and 5,968,505 ("the

'505 patent") are invalid as anticipated by the prior art. In re Cruciferous Sprout Patent Litig., 168 F. Supp.
2d 534, 60 USPQ2d 1758 (D. Md. 2001). We affirm the district court's ruling.

BACKGROUND

The three patents-in-suit relate to growing and eating sprouts to reduce the level of carcinogens in animals,
thereby reducing the risk of developing cancer. Specifically, the patents describe methods of preparing food
products that contain high levels of substances that induce Phase 2 enzymes. These enzymes are part of
the human body's mechanism for detoxifying potential carcinogens. Thus, they have a chemoprotective
effect against cancer. '895 patent, col. 1, Il. 28-34. Foods that are rich in glucosinolates, such as certain
cruciferous sprouts, have high Phase 2 enzyme-inducing potential. The inventors of the patents-in-suit
recognized that the Phase 2 enzyme-inducing agents (or their glucosinolate precursors) are far more
concentrated in certain sprouts (such as broccoli and cauliflower but not cabbage, cress, mustard or radish)
that are harvested before the two-leaf stage than [**3] in corresponding adult plants. Id. at col. 7, 1. 63 -
col. 8, I. 14. However, glucosinolate levels in cruciferous plants can be highly variable. See id. at col. 12, Il.
66-67 ("There is variation in inducer potential among different broccoli cultivars.”). According to the
inventors, it is therefore desirable to select the seeds of those cruciferous plants which, when germinated
and harvested before the two-leaf stage, produce sprouts that contain high levels of the desired enzyme-
inducing potential.

5-
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The '895 patent was filed on September 15, 1995, and claims, inter alia, "A method of preparing a food
product rich in glucosinolates, comprising germinated cruciferous seeds, with the exception of cabbage,
cress, mustard and radish seeds, and harvesting sprouts prior to the 2-leaf stage, to form a food product
comprising a plurality of sprouts.” '895 patent, claim 1. The '567 patent is a continuation of the ‘895
application and it claims a "method of preparing a human food product” from sprouts. '567 patent, claims 1
and 9. The '505 patent is a divisional of the '895 application and it claims a "method of increasing the
chemoprotective amount of Phase 2 enzymes in a mammal, [**4] " as well as a "method of reducing the
level of carcinogens in a mammal," by creating a "food product" from sprouts and then "administering said
food product” to a mammal. '505 patent, claims 1 and 16.

The three patents-in-suit are owned by Johns Hopkins University and exclusively licensed to Brassica
Protection Products LLC. Johns Hopkins and Brassica sued Sunrise Farms, Becky Crikelair, Frank Crikelair,
Edrich Farms, Inc., Edward B. Stanfield, III, Edward F. Stanfield, Jr., Richard Stanfield, Sally F. Stanfield,
Banner Mountain Sprouts, Banner Mountain Sprouts, Inc., Lawrence Ravitz, Harmony [*1346] Farms,
International Specialty Supply, Greg Lynn, Lorna Lynn and Robert L. Rust (collectively "defendants") in
various district courts. Pursuant to 28 U.S.C. § 1407, the Judicial Panel on Multidistrict Litigation
consolidated the various cases in the District of Maryland for pretrial proceedings. On June 7, 2001, the
defendants filed a joint motion for partial summary judgment of invalidity, arguing that the patents were
anticipated by prior art references disclosing growing and eating sprouts. Brassica filed a cross-motion for
summary judgment that the patents are not [**5] invalid. On July 23, 2001, the district court held a
Markman hearing to address claim construction issues and the parties' motions for summary judgment.

On August 10, 2001, the court granted defendants' motion for summary judgment of invalidity and denied
Brassica's cross-motion for summary judgment. According to the district court, "the record before the Court
makes it abundantly clear that, prior to the issuance of the patents-in-suit, one skilled in the art could, by
following the teachings of the prior art, germinate broccoli seeds, harvest the sprouts, and sell them as a
food product.” In re Cruciferous Sprout Patent Litig., 168 F. Supp. 2d at 540, 60 USPQ2d at 1762. While
recognizing that the inventors of the patents-in-suit may have discovered a new and significant property of
certain types of cruciferous sprouts, the district court concluded that "merely describing unexpected
beneficial results of a known process does not entitle Plaintiffs to patent that process.” Id. at 538, 60
USPQ2d at 1760. Thus, a "plant (broccoli sprouts), long well known in nature and cultivated and eaten by
humans for decades, [cannot] be patented merely on [**6] the basis of a recent realization that the plant
has always had some heretofore unknown but naturally occurring beneficial feature." 1d. at 537, 60
USPQ2d at 1759. On October 1, 2001, the court entered a Judgment Under Rule 54(b) in favor of
defendants but limited its invalidity ruling to claims 1-6 and 9 of the '895 patent, claims 1-8 of the '567
patent, and claims 1 and 16 of the '505 patent. In re Cruciferous Sprout Patent Litig., MDL Docket No. 1388
(D. Md. Oct. 1, 2001) (Rule 54(b) Determination). Brassica appeals the judgment of invalidity, arguing that
the district court failed to properly construe the claims and did not apply the properly construed claims to
the prior art when determining that the claims are anticipated under 35 U.S.C. § 102(b). We have
jurisdiction under 28 U.S.C. § 1295 (a)(1).

DISCUSSION

%This court reviews a grant of summary judgment de novo, drawing all reasonable factual inferences in
favor of the non-moving party. See, e.g., Anderson v. Liberty Lobby, Inc., 477 U.S. 242, 255, 91 L. Ed. 2d
202, 106 S. Ct. 2505 (1986). ¥Summary judgment is appropriate when there [**7] is no genuine issue of
material fact and the moving party is entitled to judgment as a matter of law. 1d. at 247-48. Anticipation is
a question of fact, Gen. Elec. Co. v. Nintendo Co., 179 F.3d 1350, 1353, 50 USPQ2d 1910, 1912 (Fed. Cir.
1999), and is determined by first construing the claims and then comparing the properly construed claims
to the prior art, Gechter v. Davidson, 116 F.3d 1454, 1457, 43 USPQ2d 1030, 1032 (Fed. Cir. 1997).
ZClaim construction is an issue of law that we review de novo. Cybor Corp. v. FAS Techs., Inc., 138 F.3d
1448, 1456, 46 USPQ2d 1169, 1174 (Fed. Cir. 1998) (en banc). We also determine de novo whether the
evidence in the record raises any genuine disputes about material facts. Gen. Elec., 179 F.3d at 1353, 50
USPQ2d at 1912.
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"1347] 1.

Brassica contends that the district court erroneously construed the claims by failing to treat the preamble of
claim 1 of the '895 patent as a limitation of the claims. In addition, Brassica argues that the district court
failed to construe the limitations "rich in glucosinolates” (appearing in claims 1 and 9 of the '895 patent)
and [**8] "high Phase 2 enzyme-inducing potential" (appearing in claim 1 of the '567 patent and claims 1
and 16 of the '505 patent).

ZFNo litmus test defines when a preamble limits claim scope. Corning Glass Works v. Sumitomo Elec.
U.S.A., Inc., 868 F.2d 1251, 1257, 9 USPQ2d 1962, 1966 (Fed. Cir. 1989). Whether to treat a preamble as
a limitation is a determination "resolved only on review of the entirety of the patent to gain an
understanding of what the inventors actually invented and intended to encompass by the claim." Id.;
Catalina Mktg. Int'l v. Coolsavings.com, Inc., 289 F.3d 801, 808, 62 USPQ2d 1781, 1785 (Fed. Cir. 2002).
In general, a preamble limits the claimed invention if it recites essential structure or steps, or if it is
"necessary to give life, meaning, and vitality" to the claim. Catalina Mktg., 289 F.3d at 808, 62 USPQ2d at
1784 (quoting Pitney Bowes, Inc. v. Hewlett-Packard Co., 182 F.3d 1298, 1305, 51 USPQ2d 1161, 1165
(Fed. Cir. 1999)). Clear reliance on the preamble during prosecution to distinguish the claimed invention
from the prior art may indicate that the preamble is a claim limitation because [**9] the preamble is used
to define the claimed invention. Catalina Mktg., 289 F.3d at 808, 62 USPQ2d at 1785; Bristol-Myers Squibb
Co. v. Ben Venue Labs., Inc., 246 F.3d 1368, 1375, 58 USPQ2d 1508, 1513 (Fed. Cir. 2001).

In this case, both the specification and prosecution history indicate that the phrase "rich in glucosinolates”
helps to define the claimed invention and is, therefore, a limitation of claim 1 of the '895 patent. The
specification, for example, states that "this invention relates to the production and consumption of foods
which are rich in cancer chemoprotective compounds.” '895 patent, col. 1, Il. 18-19. A stated object of the
invention is "to provide food products and food additives that are rich in cancer chemoprotective
compounds."” Id. at col. 2, Il. 38-39. The specification therefore indicates that the inventors believed their
invention to be making food products that are rich in chemoprotective compounds, or, in other words, food
products "rich in glucosinolates.”

n1 In addition, during reexamination n2 of the '895 patent the patentee argued as follows:

Claim 1 of the patent, for example, is directed to "[a] method [**10] of preparing a [*1348]
food product rich in glucosinolates, . . . and harvesting sprouts prior to the 2-leaf stage, to form
a food product comprising a plurality of sprouts." . . . Although "rich in glucosinolates” is recited
in the preamble of the claim, the pertinent case law holds that the preamble is given weight if it
breathes life and meaning into the claim. . . . Accordingly, the cited prior art does not anticipate
the claims because it does not explicitly teach a method of preparing a food product comprising
cruciferous sprouts that are rich in glucosinolates or contain high levels of Phase 2 inducer
activity.

This language shows a clear reliance by the patentee on the preamble to persuade the Patent Office that
the claimed invention is not anticipated by the prior art. As such, the preamble is a limitation of the claims.
See Bristol-Myers Squibb, 246 F.3d at 1375, 58 USPQ2d at 1513,

nl Phase 2 enzymes are part of the human body's mechanism for detoxifying potential carcinogens. These
enzymes therefore have a chemoprotective effect against cancer. According to the '895 patent, "most of
the [Phase 2 enzyme] inducer potential of crucifer plants is due to their content.of isothiocyanates and their
biogenic precursors, glucosinolates.” '895 patent, col. 8, Il. 14-16. [**11]
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n2 On December 6, 1999, the Patent Office granted a request for reexamination of the '895 patent. Claims
1-6 and 9-13 were rejected as anticipated by or obvious in light of many of the same prior art references
relied on by the defendants in this case. After considering the patentee's arguments and declarations in
support of patentability, the Patent Office issued a reexamination certificate and gave the following
examiner's statement of reasons for patentability: "a method of preparing a food product wherein
cruciferous sprouts, with the exception of cabbage, cress, mustard, and radish sprouts, that are rich in
glucosinolates or contain high levels of phase 2 inducer activity are harvested prior to the 2-leaf stage is
not taught or fairly suggested by the prior art or any combination thereof."

Brassica also asks this court to construe the phrases "rich in glucosinolates"” and "high Phase 2 enzyme-
inducing potential" to require "at least 200,000 units per gram fresh weight of Phase 2 enzyme-inducing
potential at 3-days following incubation under conditions in which cruciferous seeds germinate [**12] and
grow." '895 patent, col. 7, Il. 47-53.

"ZThe words of a claim are generally given their ordinary and accustomed meaning, unless it appears from
the specification or the file history that they were used differently by the inventor." Carroll Touch, Inc. v.
Electro Mech. Sys., Inc., 15 F.3d 1573, 1577, 27 USPQ2d 1836, 1840 (Fed. Cir. 1993). However,
"limitations appearing in the specification will not be read into claims, and . . . interpreting what is meant by
a word in a claim 'is not to be confused with adding an extraneous limitation appearing in the specification,
which is improper." Intervet Am., Inc. v. Kee-Vet Labs., Inc., 887 F.2d 1050, 1053, 12 USPQ2d 1474,
1476 (Fed. Cir. 1989). Brassica's proposed construction violates this rule by improperly importing
limitations from the specification into the claims. True, the specification states that "suitable sprouts will
have at least 200,000 units per gram of fresh weight of Phase 2 enzyme-inducing potential following 3-days
incubation of seeds under conditions in which the seeds germinate and grow." '895 patent, col. 10, I. 66 -
col. 11, . 2. The specification does not, however, indicate [**13] that the phrases "rich in glucosinolates” or
"high in Phase 2 enzyme-inducing potential" are limited to these precise conditions. Rather, the
specification uses the term "high" in its ordinary, comparative sense to mean "not low". For example, the
specification states that "the cruciferous sprouts of the instant invention have higher Phase 2 enzyme-
inducer potential than market stage plants," id. at col. 14, ll. 5-7, and the "Phase 2 enzyme-inducing
potential of such sprouts may be as much as several hundred times higher than that observed in adult,
market stage vegetables obtained from the same seeds," id. at col. 8, Il. 6-9; see also Innovad Inc. v.
Microsoft Corp., 260 F.3d 1326, 1332, 59 USPQ2d 1676, 1680 (Fed. Cir. 2001) (construing the term "small
volume" based in part on the specification's use of the phrase in its general sense to mean "not large").
Likewise, the term "rich" is not specifically defined or limited by the specification, but instead is used in its
ordinary, relative sense. See, e.g., id. at col. 11, Il. 15-17 ("Mature Brussels sprouts and rapeseed are rich
in these undesirable glucosinolates."); col. 11, Il. 37-39 ("Seeds, as well [**14] as sprouts have been found
to be extremely rich in inducer potential.").

Brassica's proposed construction is also inconsistent with the language of the dependent claims. Claim 19
the '567 patent recites: "The method according to [*1349] claim 1, wherein said seeds produce cruciferous
sprouts containing at least 200,000 units per gram fresh weight of Phase 2 enzyme-inducing potential
measured after 3-days of growth." '567 patent, col. 22, Il. 62-65. Brassica's proposed construction would
render this claim meaningless. See Comark Communications, Inc. v. Harris Corp., 156 F.3d 1182, 1187, 48
USPQ2d 1001, 1005-06 (Fed. Cir. 1998) (finding ¥a violation of the doctrine of claim differentiation when a
proposed construction would render another claim superfluous). We therefore reject Brassica's proposed
claim construction for the phrases "rich in glucosinolates" and "high in Phase 2 enzyme-inducing potential."

II.

Having construed the claim limitations at issue, we now compare the claims to the prior art to determine if
the prior art anticipates those claims. ¥In order to prove that a claim is anticipated under 35 U.S.C. § 102
(b), defendants must present [**15] clear and convincing evidence that a single prior art reference
discloses, either expressly or inherently, each limitation of the claim. Minn. Mining & Mfg. Co. v. Johnson &
Johnson Orthopaedics, Inc., 976 F.2d 1559, 1565, 24 USPQ2d 1321, 1326 (Fed. Cir. 1992).
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Brassica argues that the prior art does not expressly or inherently disclose the claim limitations of
“preparing a food product rich in glucosinolates” (claims 1 and 9 of the '895 patent), or "identifying seeds
which produce cruciferous sprouts . . . containing high Phase 2 enzyme-inducing potential” (claims 1 and
16 of the 'S05 patent, claim 1 of the '567 patent). According to Brassica, the prior art merely discusses
growing and eating sprouts without mention of any glucosinolates or Phase 2 enzyme-inducing potential,
and without specifying that particular sprouts having these beneficial characteristics should be assembled
into a "food product." n3 Moreover, Brassica argues, the prior art does not inherently disclose these
limitations because "at most, one following the prior art would have a possibility or probability of producing
a food product high in Phase 2 enzyme-inducing potential” and the "fact that [**16] one following the prior
art might have selected seeds meeting the limitations of the claims is not sufficient to establish inherent
anticipation.”

n3 "A food product is any ingestible preparation containing the sprouts of the instant invention, or extracts
or preparations made from these sprouts . . . ." '895 patent, col. 6, Il. 26-28.

It is well settled that ¥a prior art reference may anticipate when the claim limitations not expressly found
in that reference are nonetheless inherent in it. See, e.g., Atlas Powder Co. v. IRECO Inc., 190 F.3d 1342,
51 USPQ2d 1943 (Fed. Cir. 1999); Titanium Metals Corp. v. Banner, 778 F.2d 775, 227 USPQ 773 (Fed.
Cir. 1985). "Under the principles of inherency, if the prior art necessarily functions in accordance with, or
includes, the claimed limitations, it anticipates." MEHL/Biophile Int'l Corp. v. Milgraum, 192 F.3d 1362,
1365, 52 USPQ2d 1303, 1305 (Fed. Cir. 1999) (finding anticipation of a method of hair depilation by [**17]
an article teaching a method of skin treatment but recognizing the disruption of hair follicles, citing In re
King, 801 F.2d 1324, 1326, 231 USPQ 136, 138 (Fed. Cir. 1986)). "Inherency is not necessarily
coterminous with the knowledge of those of ordinary skill in the art. Artisans of ordinary skill may not
recognize the inherent characteristics or functioning of the prior art." MEHL/Biophile, 192 F.3d at 1365, 52
USPQ2d at 1305-06; [*1350] Atlas Powder, 190 F.3d at 1347, 51 USPQ2d at 1946-47/.

Brassica does not claim to have invented a new kind of sprout, or a new way of growing or harvesting
sprouts. Rather, Brassica recognized that some sprouts are rich in glucosinolates and high in Phase 2
enzyme-inducing activity while other sprouts are not. See '895 patent, col. 10, Il. 28-42 ("Sprouts suitable
as sources of cancer chemoprotectants are generally cruciferous sprouts, with the exception of cabbage
(Brassica olecracea capitata), cress (Lepidiumsativum), mustard (Sinapis alba and S. niger) and radish
(Raphanus sativus) sprouts."). But the glucosinolate content and Phase 2 enzyme-inducing potential of
sprouts necessarily have existed [**18] as long as sprouts themselves, which is certainly more than one
year before the date of application at issue here. See, e.g., Karen Cross Whyte, The Complete Sprouting
Cookbook 4 (1973) (noting that in 2939 B.C., the Emperor of China recorded the use of health giving
sprouts"). Stated differently, a sprout's glucosinolate content and Phase 2 enzyme-inducing potential are
inherent characteristics of the sprout. Cf. Brian R. Clement, Hippocrates Health Program 8 (1989) (referring
to "inherent enzyme inhibitors, phytates (natural insecticides), oxalates, etc., present in every seed"). It
matters not that those of ordinary skill heretofore may not have recognized these inherent characteristics
of the sprouts. MEHL/Biophile, 192 F.3d at 1365, 52 USPQ2d at 1305.

Titanium Metals Corp. v. Banner is particularly instructive in this regard. In that case, the claim at issue
recited:

A titanium base alloy consisting essentially by weight of about 0.6% to 0.9% nickel, 0.2% to
0.4% molybdenum, up to 0.2% maximum iron, balance titanium, said alloy being characterized
by good corrosion resistance in hot brine environments.
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Titanium Metals, 778 F.2d at 776, 227 USPQ at 774. [**19] The prior art disclosed a titanium base alloy
having the recited components of the claim, but the prior art did not disclose that such an alloy was
"characterized by good corrosion resistance in hot brine environments.” We nevertheless held that the
claim was anticipated by the prior art, because "it is immaterial, on the issue of their novelty, what inherent
properties the alloys have or whether these applicants discovered certain inherent properties." Id. at 782,
227 USPQ at 779. Titanium Metals explained the rationale behind this common sense conclusion:

*The basic provision of Title 35 applicable here is § 101, providing in relevant part: "Whoever
invents or discovers any new . . . composition of matter, or any new . . . improvement thereof,
may obtain a patent therefor, subject to the conditions and requirements of this title."

. . . Counsel never came to grips with the real issues: (1) what do the claims cover and (2) is
what they cover new? Under the laws Congress wrote, they must be considered. Congress has
not seen fit to permit the patenting of an old alloy, known to others through a printed
publication, by one who has discovered [**20] its corrosion resistance or other useful
properties, or has found out to what extent one can modify the composition of the alloy without
losing such properties.

Id. at 780, 782, 227 USPQ at 777-78. Brassica has done nothing more than recognize properties inherent
in certain prior art sprouts, just like the corrosion resistance properties inherent to the [*1351] prior art
alloy in Titanium Metals. n4 While Brassica may have recognized something quite interesting about those
sprouts, it simply has not invented anything new.

n4 Most of the claims at issue are method claims, not composition or product claims. Nevertheless, the
principles of Titanium Metals still apply. See, e.g., MEHL/Biophile, 192 F.3d at 1366-67, 52 USPQ2d at 1306
(finding anticipation by inherency of a method of hair depilation); Bristol- Myers, 246 F.3d at 1376, 58
USPQ2d at 1514 (Fed. Cir. 2001) (stating that "#newly discovered results of known processes directed to
the same purpose are not patentable because such results are inherent").

Brassica nevertheless argues that its claims are not anticipated because the prior art does not disclose
selecting the particular seeds that will germinate as sprouts rich in glucosinolates and high in Phase 2
enzyme-inducing potential (as opposed to selecting other kinds of seeds to sprout) in order to form a food
product. We disagree. The prior art teaches sprouting and harvesting the very same seeds that the patents
recognize as producing sprouts rich in glucosinolates and having high Phase 2 enzyme-inducing potential.
According to the patents, examples of suitable sprouts are

typically from the family Cruciferea, of the tribe Brassiceae, and of the subtribe Brassicinae.
Preferably the sprouts are Brassica oleracea selected from the group of varieties consisting of
acephala (kale, collards, wild cabbage, curly kale), medullosa (marrowstem kale), ramosa
(thousand head kale), alboglabra (Chinese kale), botrytis (cauliflower, sprouting broccoli),
costata (Portugese kale), gemmifera (Brussels sprouts), gongylodes (kohlrabi), italica
(broccoli), palmifolia (Jersey kale), sabauda (savoy cabbage), sabellica (collards), and selensia
(borecole), among others.

5-F55
http://www.lexis.com/research/retrieve?_m=17f28b0bd97f5c02d65cb4f54a57a.. 10/22/2002

| s



Search - 2 %ﬂéQ7rﬁVrQ7%§ér%us ereteftiation Filed 05/09/2008  Page 56 of Page 9 of 10

J

'895 patent, [**22] col. 10, Il. 32-42. Numerous prior art references identify these same sprouts as suitable
for eating. See, e.g., Stephen Facciola, Cornucopia: A Source Book of Edible Plants 47 (1990) (listing
"Brassica oleracea Botrytis Group - Cauliflower . . . Sprouted seeds are eaten"), Esther Munroe, Sprouts to
Grow and Eat 9-14 (1974) (identifying "Broccoli, Brussels sprouts, Cabbage, Cauliflower, Collards and
Kale"). These references therefore meet the claim limitation of identifying seeds to use in order to have
sprouts with the inherent properties of glucosinolates and high Phase 2 enzyme-inducing activity. Despite
the patents' admissions about the suitability of particular plant species found in these prior art references,
Brassica argues that only specific cultivars of these plant species are rich in glucosinolates and high in
Phase 2 enzyme-inducing activity. Thus, according to Brassica, the prior art fails to meet the "identifying"
steps of the claims because it does not specify which cultivars should be sprouted. However, all of the
appropriate cultivars that are identified in Brassica's patent are in the public domain. '895 patent, col. 10,
Il. 43-65. Brassica cannot credibly [**23] maintain that no one has heretofore grown and eaten one of the
many suitable cultivars identified by its patents. It is unnecessary for purposes of anticipation for the
persons sprouting these particular cultivars to have realized that they were sprouting something rich in
glucosinolates and high in Phase 2 enzyme-inducing potential. Atlas Powder, 190 F.3d at 1348, 51 USPQ2d
at 1947 ("#The public remains free to make, use, or sell prior art compositions or processes, regardless of
whether or not they understand their complete makeup of the underlying scientific principles which allow
them to operate.").

The prior art also discloses the remaining limitations of the claims. The Munroe [*1352] reference, for
example, recommends that sprouts be harvested between "3 to 5 days for a sprouted length of 1/2 to 1
inch." Munroe at 9. Photographs of these sprouts show that they have not yet reached the two-leaf stage of
development. Id. at 10-13. Thus, this reference discloses the claim limitations of germinating the
appropriate cruciferous seeds and harvesting the resulting sprouts prior to the 2-leaf stage. See '895
patent, claims 1 and 9; '567 patent, claims 1 and 2; '505 [**24] patent, claims 1 and 16. Munroe also
discloses that these particular sprouts can be used in food products such as "soups, salads and main
dishes," id. at p. 14, thereby meeting the claim limitation of forming a food product comprising a plurality
of the sprouts ( '895 patent claims 1 and 9; '567 patent, claims 1 and 8; '505 patent, claims 1 and 16) and
the claim limitation of administering (eating) the food product ( '505 patent, claims 1 and 16). The Munroe
reference therefore discloses each and every limitation of these claims of the patents. See also,
Meyerowitz, Growing Vegetables Indoors (1990).

In summary, the prior art inherently contains the claim limitations that Brassica relies upon to distinguish
its claims from the prior art. While Brassica may have recognized something about sprouts that was not
known before, Brassica's claims do not describe a new method.

CONCLUSION

For the foregoing reasons, we affirm the district court's summary judgment that the claims at issue are
anticipated by the prior art. The prior art indisputably includes growing, harvesting and eating particular
sprouts which Brassica has recognized as being rich in glucosinolates and high in [**25] Phase 2 enzyme-
inducing potential. But the glucosinolate content and Phase 2 enzyme-inducing potential of these sprouts
are inherent properties of the sprouts put there by nature, not by Brassica. Brassica simply has not claimed
anything that is new and its claims are therefore invalid.

AFFIRMED
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