WO 2010/051277PCT/US2009/062212 PROCESS FOR THE PRODUCTION OF
ALPIA-TOCOTRIENOL AND DERIVATIVES CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]This apptieadPeRims priority benefit of United States provisionaFpaferedisheittion number
61/197,585, filed October 28, 2008. The content of that application is incorporated herein by reference

in its entiretyr GESHNGALHREPRDINAOAIThisENVEPH anEetataR gener sl D EERIGCESs/fes production,
enrichment and/or isolation of pure alpha-tocotrienol from natural extracts that comprise mixed tocols.
In particular, the invention relates to a novel and effective process for production enrichment and/or
isolation of alpha-tocotrienol of high purity from plant extracts, e.g. palm oil extract such as Tocomin ,
that is economically feasibleript&-2aFERENIA TCREIREZNVEFRIAO aIBOXSates to a process for the

synthesis o -togQtri X he
alpha- tocotrﬁigin8 con?gngng Q %%Egg %ﬁ é%ncfpw %éﬁ?ég\ség%g%% %gﬁggﬁ%%% THE INVENTION

[0003]The pHESEAETRVSEISH POV éﬂﬁij(ﬁ%tgg‘%?rgb Brodbetfiocuriiditientisidrotisolation of pure

alpha-tocothieiel ensehedtosottenratcompesiians from naturally occurring extracts, and to the
alpha-tocotrienol-containing product produced by the process. This process can be performed without
chromatography, or with minimal use of chromatography, and is economically feasible on a
commercial scale. [0004]Tocopherols and tocotrienqls are molecules characterized by a 6-chromanol
ring structure and a side chain at the C-Z-B% iSH-roElfithols possess a 4', 8', 12' trimethyltridecyl
unsaturated@riol sideichatmivithdheyreseiyeoi doutiethomdsuatidl driandeddaphsitions of the side

chain, whiie,(BeaRD el A E@%%@&lféeéﬁgoﬁqﬁtﬁ%@ﬁw& geometyotsashfihiepe double bond sites

is trans (also re erred’to as E) in all four natural tocotrienols. There are four naturally occurring
tocotrienolsPeriia helibeIon g aRTiva: Pavd WbeiEive streidlomredlio et s S curring
tocotrienols Jaaxse i) ahspiuie candigunation atiefon ShomaRciNgPFMioR] extract

such as Tocomin®, that is economically feasible on a commercial scale. The invention also
relates to a process for the synthesis of alpha-tocotrienol quinone of high purity. The

invention also relates to the alpha-tocotrienol-containing product produced by the process.

BACKGROUND OF THE INVENTION
[0063] The present invention provides a process for the production, enrichment and/or
isolation of pure alpha-tocotrienol enriched tocotrienol compositions from naturally occurring
extracts, and to the alpha-tocotrienol-containing product produced by the process. This
process can be performed without chromatography, or with minimal use of chromatography,
and is economically feasible on a commercial scale.
{0004] Tocopherols and tocotrienols are molecules characterized by a 6-chromanol ring
stracture and a side chain at the C-2-position. Tocotrienols possess a 4', §', 12'
trimethyltridecyl unsaturated phytol side chain with the presence of double bonds at 3.7, and
11" positions of the side chain, while tocopherols have a saturated side chain. The geometry
of each of these double bond sites is trans (also referred to as E) in all four natural
tocotrienols. There are four naturally occurring tocotrienols, d-alpha-, d-beta-, d-gamma-, and
d-delta-tocotrienol. The four naturally occurring tocotrienols have the (R) absolute

configuration at the C-2 chroman ring position.
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[0005]  Tocotrienols are present in the oils, seeds, and other parts of many plants used as
foods (see pp. 99-165 in L. Machlin, ed., "Vitamin E: A Comprehensive Treatise" for a
discussion of the occurrence of tocotrienols in foods). Tocotrienol-containing concentrates
can be prepared from certain plant oils and plant oil by-products such as rice bran oil or palm
oil distillate. For examples of such isolation processes, see for instance A. G. Top et al., U.S.

Pat. No. 5,190,618 (1993) or Tanaka, Y. ef al, Japanese Patent No. JP2003-171376 (2003).
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[6066] There is a problem inherent in obtaining tocotrienols from natural sources, in that
the tocotrienol yield from such processes is a mixture of varying amounts of all of the natural
tocotrienols and tocopherols. In order to obtain a pure member of the tocotrienol family, it
has been necessary to resort to very expensive procedures such as preparative scale reverse-
phase chromatography or simulated moving bed chromatography. For an example of such a
purification process, see M. Kitano et al., Japanese Patent No. 2003-02777 (2003) or Burger
et al,, U.S. Pat. No, 4,603,142,

(00073 The synthesis of tocotrienols in the natural form, having the (2R) chiral
configuration and trans double bonding at the proper locations in the side chain, has also been
proven to be of considerable difficulty.

[0908] Syntheses of various members of the tocotrienol family in the d.1- or (RS)-form
have been published; see for example Schudel ef al., Helv. Chim. Acta {1963) 46, 2517 2526;
H. Mayer er al., Helv. Chim. Acta (1967) 50, 1376 11393; H.-J. Kabbe et al., Synthesis
(1978), 888 889; M. Kajiwara et al., Heterocycles (1980) 14, 1595 1998; S. Urano et al.,
Chem. Pharm. Bull. (1983) 31, 4341 4345, Pearce et al., J. Med Chem. (1992), 35, 3595
3606 and Pearce et al., J. Med. Chem. (1994). 37, 526 541. None of these reported processes
lead to the natural form of the tocotrienols, but rather produce racemic mixtures, Syntheses
of natural form d-tocotrienols have been published. See for example. J. Scott et al., Helv.
Chim. Acta (1976) 59, 200 306, Sato ef af. (Japanese Patent 63063674); Sato ef al. (Japanese
Patent No.JP 01233278} and Couladouros et al (US Patent No. 7,038,067),

[0009]  Tocotrienols occur largely in palm oil, rice bran oil, and barley. While synthetic
and natural tocopherols are readily available in the market, the supply of natural tocotrienols
is limited, and generally comprises a mixture of tocotrienols. Crude palm oil which is rich in
tocotrienols (800-1500 ppm) offers a potential source of natural tocotrienols. Carotech,
located in Malaysia, is an industrial plant able to extract and concentrate tocotrienols from
crude palm oil. Carotech uses a melecular distillation process (employing ultra-high vacuum
and very low temperature) in ifs production plant. This process {see U.S. Pat, No. 5,157,132)
allows Carotech to extract phytonutrients such as the Tocotrienol Complex (Tocomin®, a
registered trademark of Carofech for extracts and concentrates of palm tree fruits) from the
crude palm oil. Tocomin®-50 typically comprises about 25.32% mixed tocotrienols {7.00%
alpha-tocotrienol, 14.42% gamma tocotrienol, 3.30% delta tocotrienol] and 0.6% beta
tocotrienol ), 6.90% alpha-tocopherol and other phytonutrients such as plant squalene,

phytosterols, co-enzyme Q10 and mixed carotenoids,



Delta- tocotrienol H HO H EI methyl Alpha- tocopberol HO methyl methyl methyl Beta-tocopherol | HO

WO 2610/051277 PCT/US20049/062212

[0610]  Additional commercially available products that may be used in the present
invention are for example, Nu Triene Tocotrienol® (30% content, a product of Eastman
Chemical Company), various Oryza® tocotrienol products of different tocotrienol
concentrations from Oryza Oil & Fat Co. Ltd including Oryza tocotrienol-70 with 70% total
tocophercl/tocotrienol content, and a total tocotrienol content of 40% including 14% of
alpha-tocotrienol and 24% gamma-tocotrienol, and Oryza tocotrienol-90 with 90% total

" tocopherol/tocotrieno! content and a total tocotrienol content of 60%; Golden Hope
Plantations Berhad Tocotrienol oil (70% content), Davos Life Science TRF (63% content),
Ginnoway ™ tocotrienol concentrate from paim and rice oil from Beijing Gingko Group,
Gold Trie ® a product of Sime Darby Biorganic Sda Bhd and Palm Nutraceuticals Sdn Bhd
(89% content). Delta Tocotrienol-92° (92% pure by HPLC) is a commercially available
product from Beijing Gingko Group that may be also used in the present invention.
[6011]  Methods for isolation or enrichment of tocotrienol from certain plant otis and
plant oil by-products have been described in the literature, but these methods generally
produce mixtures of natural tocols in varying amounts and are not economically feasible on a
commercial scale. As mentioned above, in order to obtain a pure member of the tocotrienc]
family, it has been necessary to resort to expensive procedures such as preparative scale
reversed-phase chromatography or simulated moving bed chromatography. For some
examples of such isolation and purification processes, see for instance Top A. G. et al,, U.S,
Pat. No. 5,190,61%; Lane R et al,, UJ.5. Pat No. 6,239,171, Belafiore, L. et al 1.5, Pat. No.
6,395,915; May, C.Y etal., U.S. Pat. No. 6,656,358; Jacobs, L et al, U.S. Pat. No. 0,838,104;
Summner, C et al. Int. Pat. Pub. WO 9%/38860, or Jacobs, L, Int. Pat. Pub, WO 02/500G534,
[0912] Production of d-alpha tocopherol from natural plant sources has been described in
U.S. Pat No. 4,977,282, where natural plant sources having Vitamin E activity of a
concentrate of mixed tocopherols that might include tocotrienols are transformed into alpha-
tocopherol. In this isolation, alpha tocopherol is enriched after amino-alkylating the mixed
tocopherols which are then reduced by catalytic hydrogenation to convert the mixture of the
non-alpha tocopherol tocols into alpha-tocopherol. In this process, any tocotrienols present
would be hydrogenated to tocopherol. See Netscher et al. (2007) Eur J. Org. Chem 1176~
1183
[60613] Because of the similar molecular and retention characteristics of the various
individual tocopherols and tocotrienols, separation of the individual compounds has been
proven difficult and not commerciaily viable. Aithough the process for the production of

alpha-tocotrienol has been described, it is only available in pure form at very high prices
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(e.g., USD$672 for 100 mg of =98% pure alpha-tocotrienol from Fluka Chemical Company
in October, 2009).

[0014]  Inlight of the above, there remains a need for a method of producing the naturaily
occurring alpha-tocotrienol in a pure form that is economically feasible on a commercial
scale. Such a process would minimize the number of processing steps required, and would

not require, or would minimize the use of, chromatographic separations.

SUMMARY

[0014a] In one aspect, there is provided a process for the production, enrichment
and/or isolation of d-alpha-
tocotrienol from a plant extract that comprises at least one non-alpha tocotrienol
and that optionally comprises alpha-~tocopherol and optionally comprises other
tocols, non-tocols and/or organic impurities, comprising the steps of:

1a.)  reacting the plant extract with suitable reagents which react with
the one or more non-alpha-tocols to introduce a functional group in the free 5
and/or 7 position of the one or more non-alpha-tocols, wherein said functional
group is an aminoalkyi;

ib.}  separating the one or more non-alpha-tocols that have been
functionalized in step (1a) from the alpha-tocotrienol and optional alpha
tocopherol and other non-tocol compounds that may be present;

ic.)  optionally further separating the aipha-tocotrienol in the mixture
separated in step (1b), from the optional alpha tocopherol and from optional other
non-tocols; |

1d.}  chemically reacting the separated one or more non-alpha-tocols
that have been functionalized from step (1b) with a reducing agent to give alpha-
tocotrienol; and

le.)  optionally combining the alpha-tocotrienol from step (1¢) with the
alpha-tocotrienol from step (1d) to give alpha-tocotrienol.
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plants used as foods (see pp. 99-165 in L. Machlin, ed., "Vitamin E: A Comprehensive Treatise" for a
discussion of the occurrence of tocotrienols in foods). Tocotrienol-containing concentrates can be
prepared from certain plant oils and plant oil by-products such as rice bran oil or palm oil distillate. For
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tocotrienol, or deita-tocotrienol; or all three of beta-tocotrienol, gamma-tocotrienol, and
delta-tocotrienol. In any of the foregoing embodiments, the source material can optionally
also comprise alpha tocopherol. In one embodiment, this invention relates to a novel process
for the production, enrichment and/or isolation of pure alpha-tocotrieno! from plant extracts
comprising naturally occurring mixed tocotrienols. In one embodiment, this invention relates
to a novel process for the production, enrichment and/or isolation of pure alpha-tocotrienol
from plant extracts enriched in naturally occurring mixed tocotrienols. In one embodiment
the invention does not need the nse of chromatography, and is amenable to large commercial
prociuction of alpha-tocotriencl. In another embodiment the invention needs minimal use of
chromatography and is amenable to large commercial production of alpha-tocotrienol

[0016]  In one embodiment, the invention relates to a novel process for the production,
enrichment and/or 1solation of pure alpha-tocotrienol from naturally occurring extracts
comprising a mixture of tocotrienols and alpha tocopherol. In another embodiment, the
naturally occurring extract is a palm oil extract, a palm fruit extract, or a palm oil/palm fruit
extract. In another embodiment, the naturally occurring extract is a palm oil extract, a palm
fruit extract, or a palm oil/palm fruit extract which has been concentrated. In another
embodiment, the naturally occurring extract is a palm oil extract, a palm fruit extract, or a
palm oil/palm fruit extract from Elaeis guineensis. In another embodiment, the naturally
occurring extract is a palm oil extract, a palm fruit extract, or a palm oil/palm fruit extract

from Elaeis guineensis which has been concentrated. In another embodiment, the naturally
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configuration and trans double bonding at the proper locations in the side chain, has also been proven
to be of con5|de6a2bl%gilfgi707ulty [0008]Syntheses of various members of 8&?& %family in the di-
or(RS)-form have Deen published; see for example Schudel et al., Her ?563) 46, 2517
2526; H. Mayer et al., Helv. Chim. Acta (1967) 50, 1376 11393; H.-J. Kabbe et al., Synthesis (1978),

888 889; Mewam@etcéiﬁ tﬁrectem@%i@bpeiesd)cw@%e Toogia® Uramevst af Cepenh. Pharm. Bull,
(1983) 31,4874 @ﬂéys?@atﬁeze&@tp&se%%%w ﬁ&%hﬁ%ﬁ%@%@%ﬁ@@t@e&t al., J. Med.

Chem. (1994), 37, 526 None, oft eps rte s.lead to th ural form of the
tocotrienols? rgugoggﬁ?gftﬁﬁc%%gltggg% ¢ HixtuTes: fr géle%f A4l fﬁerggfér?n%é“tdgo H¥hols have been

published. Sedufiss examplph)iSooitss aiichHeNaI@hqnmﬁ.@tamgﬁﬁﬁE%@@&}BﬁﬁQghwcet al. (Japanese
Patent 630630/4), 3108t Al (Jananess Balent NeAR 01233345 ans Fomipdaurosetat (US Patent

No. 7,038,067). [0009] Tocotrienols occlir largely in palm oil, rice bran oil, and bariey. While synthetic

and natu raI‘tHBBﬁWE?S jRee ety albafanie e ﬂi‘garﬁtdﬂ("@te’tﬂ%Céﬁﬁﬁ%cf‘}té’ﬁ?rg’iafb%’tnenols is limited,
and generaliyrzgrpiisescadmixiutenthiotatiné nedsrGrod e joadnoaipsvidiichlss ichnittocotrienols
(8001500 PRI R liel A RalEHUAL sor e AL DAALIRGOIRDRIE, IR R8aleRn Malaysia, Is an

industrial plant a e to extract and conceftrate tocotrienols from crude palm oil. Carotech uses a

molecular di3tHstiGerpratres. csipiopitgiard i vatennbiascoesy Wﬁe‘#ﬁﬁé%?ﬁ?%) in its production
plant. This megess;(ﬁee BrSupPBtaN 8abnld/ChaR)-allows GanaiesiBio-exttasdpbytanwients such as
the Tocotrleﬁgl Comg) ﬂrex (Tocomin(r), a registered trademark of Carotech for extracts and

concentrates Of ] paﬁm rée fruits) from the crude palm oil. TocominC)-50 typically comprises about
25.32% mixédidlcotridmale(Zr00%naphad-tocoriehol coraes tamrictcoteding180% delta
tocotrienol ang;Q-8%.R6ia1Q6QtHENh 020 Al hatoceRharLang:Rihernbydopdtrients such as plant
squalene, phytosterols, co-enzyme Q10 and mixed carotenoids. WO

2010/05127ABE T4 EX565%/ 56892 1.2 [0010]Additional commercially available products that may be
used in the present invention are for example, Nu Triene Tocotrienol(r) (30% content, a product of
Eastman Chemica] Company), various Oryza(r) tocotrienol products of different tocotrienol

[ a Oil & Fat Co. Ltd including Oryza tocotrienol 70 with 70% total

tocopherol/tocotne ol content and a total tocotnenol content of 60%; Golden Hope Plantations Berhad
Tocotrienol oil (70% content), Davos Life Science TRF (63% content), Ginnoway TM tocotrienol
concentrate from palm and rice oil from Beijing Gingko Group, Gold Inc 0 a product of Sime Darby
Biorganic Sdi? r0~and Pa ceuticals ;Sdn Bhd (89% content) Delta Tocothenol-92 (92% pure

plant oil by- produc s have been described in the literature, but these methods generally produce
mixtures of natural tocols in varying amounts and are not economically feasible on a commercial scale.

simulated moving 0L dmples of such |solat|on and purification
processes, see for msté?nce opA.Gletal, US. . No. 5,190,618; Lane R et al., U.S. Pat No.
6.239,171; Bellafiore, L. et al U.S. Pat. No. 6,395,915; May, C.Y et al., U.S. Pat. No. 6,656,358;
Jacobs. Let al, U.S. Pat. No. 6.838.104; Sumner, C et al. Int. Pat. Pub. WO 99/38860, or Jacabs, L,

nt. Pat. Pub ) 021500054, (4 alesQdelon.alderlebedacaphcrol {am el lant sources has

been descnbe in U.S. Pat'No. 4,9 where natural plant sources having Vitamin E activity of a
concentrate<rPREe b6 pErers B Snitghein e %b%ﬂili ISR HHeRaErsPhigacirtd ™ aPhatocopherol.

In this isolatige g alghec-terapherel ieceotidtedﬁﬁermmathylatmdhemmtgeaahemls which are
then reducedlbx cata rg/tic iﬂ}/d]r%%enatg)n éo ozgnc\)/ref{t tﬁver{})%ti%e %_ %lhe% nep-al 1% 1ngcolpherol tocols into
e

alpha- tocophero “PAThIS process any tocotrienols present wWo ydrogengted It‘o‘"‘tocopherol See
Netscher et sfid(20ePyElr [ihg GrynCrm PEye-tvegddioons Resenisaohtisisivnitatitholecular and
retention characteristics of the various



individual tocopherols and tocotrienols, separation of the individual compounds has been proven
difficult and not commercially viable. Although the process for the prodygti -focotrienol has
been describé‘é(,) ft%‘é”%ﬁ@”available in pure form at very high prices (e%g%%’g}%g%% 100 mg of
=98% pure alpha-tocotrienol from Fluka Chemical Company in October, 2009). [0014]In light of the
above, therétressainy bitidbd ot B nsetherded-proueifyiHeiatf AMPreesiiiagSipha-tocotrienol in a
pure form thatjs.sieaarpugalyfeasible on a commercial scale. Such a process would minimize the
number of processing steps required, and would not require, or would minimize the use of,
chromatographic separations. SUMMARY 10014alln one aspect, there is provided a process for the
production, enrichment apd/or isolation of d-alpha- tocotrienol from a plant extract that comprises at
least one non-alphd% eriotqnd that gptionally comprises alpha-tocopherol and optionally
comprises other tocol toc d/grlorganic itieg.comprising the steps of: la.)reacting

a functional group in the free 5 and/or 7 position of the one or more non-alpha-tocols, wherein said
functional group is an argingatkyl;,  Ib.) separating the one or more non-alpha-tocols that have been
functionalized in stgp (la)ifrom.the alpha-tocotrienol and optional alpha tocopherol and other non-tocol
compounds that may b présent; | ating the alpha-tocotrienol in the mixture
separated in step (Ib 3t : Fa~drom optional other non-tocols;

separating the aminomethylated compound or compounds from non-aminomethylated

compounds, and reducing the aminomethylated compound or compounds to yield

[(019] One embodiment of the invention, as described in Figure 1, comprises the
production, enrichment and/or isolation of natural d-alpha-tocotrienol from natural plant
sources that comprise at least one non-alpha tocotrienol, and optionally additional
tocotrienols, and that optionally also include alpha tocopherol and optionalily other tocols and
optionally non-tocol phytonutrients or impurities, comprising the steps of:

la.) reacting a plant extract mixture with suitabie reagents which will react with
the one or more non-alpha-tocols to introduce a functional group in the free 5 and/or 7

positions of the one or more non-alpha-tocols;



ld.)chemically reacting the separated one or more non-alpha-tocols that have been fimctionalized from
step (Ib) with a reducinglza ent to give alphatocotrienol; and le.)optionall gr%ggjiglgiﬂ%ztge
alpha-tocotrieﬂ/& g éﬁ? (1c) with the alpha-tocotrienol from step (1d % give alp a-tocotrienol.
DISCLOSURE OF THE INVENTION [0015]In accordance with the purposes of this invention, in one
aspect, this inventioh refepestiozghsoveloprovesyioiphe protidetsho putighiient, bapr/or isolation of
alDha-tOCOWEE@&JB@%&%%@%@Q%&%@Q&?'tHQ@E&@ﬁ%@ﬂ@t&@ﬁﬁ%ﬂl&ld’\dﬁﬁhﬂ&m&ol
alpha-tocotrienol. In some embodiments, the at least one tocotrienol which is not alpha-tocotrienol
comprises HRTRGHSHEATEYMMMESStotrienal, or delta-tocotrienol: or any two of beta-tocotrienol,
gammatocotrienolcor delidciatigtfiehot;sopallithrée dphetactodotriendis garumastpeeteiemol, and
detia-tocotrienaldp Al 8 s (Reagind cmbadimentadin,aouse Malsral.can optionally aiso

comprise alphatocopherol. In one embodiment, this invention relates to a novel process for the
production, enrichifhént shfarseisorsERchh e AIPRE-IEtHEATPIPO ISR acts comprising
naturally ocgysdnguaixesitaspiienelgivaphe- eathodisnent] this invention relates to a novel process for
the production, enrichment angd/or isplation of pure alpha-tocotrienol fram .plant extracts enriched in
naturally occurringeélixecép%gg léno g@f?\ggﬁl%agpr% ”gﬁﬁgﬁ?%ﬁrgrﬁw%/[é%%lgnWgﬁ;&ng%%ed the use of
chromatogreneHycedridpis-avneriaiibiteniatege(tdrimsdre rprdeipsiorof dighawdotrienol. In another
embodimenpthginventigpnseeds mininakisa uiichmmatograpbyand is-amanabla:tadarge commercial
production of alpha-tocotrienol ;0016gl ne embodimlegt, thﬂ? i ven%}ion [feIaEeszho adnovel process for
the productiSHBRIEMAEAT SHARST TSBTARSRA OF PP AR e To Etiahol oM HALUFAIR Gecurring extracts
comprising Bilmixtureanbtoeofriendlssagdiatphactooe plérehcheafolite®? embodivenictihe efaturally
occurring exract is1a faln eilextiagt, adpalm fruit extract, or a palm oil/palm fruit extract. In another
embodiment, the naturally occurring extract is a palm oil extract, a palm fruit extract, or a palm oil/palm

fruit extract th hadBeRHEGHLE oA SR WRD SN SR CRES R B8 ing extract is a
palm oil extsaktica pathe fidiextiatinor (& paliveit/patndruitexdractifrembl heisduieansis. In another

embodiment, the natuially oecuing, exiact 15,2 pAm, ol eXRch AR £xitagt;or @ palm oiljpalm
fruit extract?irlom faeis guineensis which has been concentrated. In another embodiment, the naturally

occurring exeREcRis rkie St aPpnitnel € bderitite Tocomin(r), a product of Carotech Bhd.
(Malaysia). wyiptoh comprisesamixtinefieactanmls and riphactesepheml extracted and
concentrate (}5 virj%in C%Jde IJggllm r[cl)ig %!gn gggtés I%[ leisa I‘%Lﬂg%ﬁnﬂgg ea};rt]r% ‘WF%?Q“%}%QI includes
non-tocol phytd triert8"Stich s Bfién? squal%ne, p yfosste ﬁs, co-%nzyme ((i)'l and mixed carotenoids
that are natemgibdiennachecdbrogethiestwittpedudtrie nbsist frorach Ammtaies. ambsemeneritsadifiients, the

naturally ocgrring.extrackis.an fxiraakPERsN: Rk ige PranQikDatley: QraaNaite ANy combination
of two or more of the foregoing{é)ils. In another embodiment the formulation of th%or sent invention

comprises AR ERTICHRT HRHENAN TR H 5 BAIRY BilTas 8RBy RS Bt Hope Bioorganic,
Davos Life Science zBedjingeGingko GrowgcEisaipEmstin g Garporation, SimeuDardby 8iwrganic Sdn
Bhd or Pa'%'él‘é%f‘ﬁ%%?%&n 17]Angther embodiment of the invention comprises the production,

enrichment and/or isolation of natural d-alpha-tocotrienol from a material comprising at least one
compound 89281 fipgpe embodiment, introduction of a functional group in the free 5 and/or

positions of the non-alpha tocol homologues comprises introduction of a group which
provides for increased differential solubility of the functionalized non-alpha tocol
homologues compared to non-functionalized compounds in the starting material, source
material, or extract. The increased differential solubility can be differential solubility in a
single solvent, or increased differential solubility between two or more solvents in a mixed
solvent system. In one embodiment, the introduction of a functional group in the free 3
and/or 7 positions of the non-alpha tocol homologues is accomplished without reducing the
double bonds present in tocotrienol compounds and/or without causing isomerization of the

double bonds present in tocotrienol compounds, In one embodiment, the step of chemically

8-



[0018]reacting said material with a formaldehyde equivalent and at least one amine compound of the
formula H-N(Rii)(Riz), where R11 and R12 are independently selected from the roup consisting of H
and CI-C8 alk}i%3PWhErER11 and Rp are combined together with the rﬁﬁ?&’&éﬁ“&%’% i¢h they are
bonded to form a five-to-eight membered heterocyclic ring, said heterocyclic ring having zero, one, or
two additionaichieteteatoripln addition fortize\WOROIBI650 2THRC FIRI8 2009166224 2 nitrogen to which

Rl and R12 are honded, I8 Rrodues,atieashnnsAnipRmathyiatedicompesnd selacied from:

separating the aminomethylated compound or compounds from non-aminomethylated compounds,
and reducirty e EairBRismy ARt Sh MG P EE PSP E B YO TRBRE embodiment of the
invention, ameiescribedoi Eigiwarscanptisenihe piotuchanderdthmenbaitid/arisolation of natural
d-alpha-tocpyienl irom datral plant spurees ihatsomprise Alleastaneian:aAlphadggotrienc, and
optionally addi |ona‘f¥ocotrleno?sl and that optionally also include alpha tocopherol and optionally other
tocols and eptiomally s REsbEpAsAIRIERESH RINSUANER 28dibisiig e STPEIBENE: reacting a plant
extract mixtyesrwithoskitahle ieagrnts winic bl eeiaabiiRyith a formaldehyde equivalent, such

as paraformaldehyde, and an amine, such as a secondary amine, such as a cyclic amine such
as 1-methylpiperazine, piperidine or morpholine. In some embodiments, the
functionatization is introduced by amino-alkylation with parafermaldehyde and 1-
methylpiperazine. In some embodiments, the functionalization is introduced by amino-
alkylation with paraformaldehyde and morpholine.

[0026] In one embodiment, the separation of the amino-alkylation products from the
alpha-tocotrienol, the optional alpha tocopherol and other non-tocol compounds that may be
present is done by partitioning between two organic layers. In one embodiment, the
separation of the amino-alkylation products from the alpha-tocotriencl, the optional alpha
tocophero!l and other non-tocol compounds that may be present is done by partitioning
between an organic layer and an agueous layer. In one embodiment, the separation of the
amino-alkylation products from the aipha-tocotrienol, the optional alpha tocopherol and other
non-tocol compounds that may be present is done by partitioning using an acidic organic
layer such as acetonitrile comprising formic acid.

{60271  In another embodiment, the non-alpha-tocotrienol functionalized homologues are
reduced with a hydride reagent such as sodium cyano borohydride (NaCNBHs). In another
embodiment, the non-alpha-tocotrienol functionalized homologues are reduced with a
hydride reagent such as sodium borohydride. In another embodiment, the non-alpha-
tocotrieno} functionalized homologues are reduced with lithium borohydride, zinc
borohydride, or tetraalkylammonium hydride. In yet another embodiment, the non-alpha-
tocotrienol functionalized homologues are reduced with a hydride reagent such as lithium
aluminum hydride, In yet another embodiment, the non-alpha-tocotrienol functionalized
homologues are reduced with a borane, diborane, or a borane complex, such as borane-t-butyl
amine complex. In another embodiment, the non-alpha-tocotrienol functionalized
homologues are reduced electrochemically or with an ¢lectron donor such as sodium, lithium,
magnesium, potassium, zinc, nickel, or amalgams thereof, in the presence of a suitable proton

source such as ammonium salts or carboxylic acids.

9.



the one or more non-alpha-tocols to introduce a functional group in the free 5 and/or 7 positions of the
one or more non-alpha-tocols; WO 2010/051277PCT/U521109/062212 |h.)separating the one or more
non-alpha-toc‘ggw %E)]I%Hues that have been functionalized, from the aﬁ%ﬁq (%Ec,(%{?%%]%l, the optional

alpha tocopherol and other non-tocol_compounds that may be present; Ic.)optionally further separating
the alpha-t§@etslenolirtheftixtmboséperttebin, siepriw)sshovh tisenspridtiataglpltd tocopherol and other

non-tocol ComAaYOAS:Aol oﬁ%)g,ffﬁa&%P@%}é&&@%ﬁﬂﬁ&h&@@,%gﬁ%ﬂﬂ%@lﬁhgemmectionalized
homologues from step (Ib) to give alpha-tocotrienol; and I%i})ag&)tion % gom_bin'n the aJpha-tocotrienol
from step (I WhtPtre heiiEpPhiucda Apia ot ehRbE% so]f’etﬁ? '§) ‘i’oobﬂ}é{%?‘ﬁﬁ%%t%cotrienoI of high

purity. [00203n another embodienetistaps|/b)dpdotioiweddsyrarzoptdnal 886ptd bbpuaf filtering a solution
of the one o gore, et lpla lecpls NawalogesanakhavE heen, (ngtisnaliisd Filiation can be

performed using diatomaceous earth such as Celite0 or any other method of filtration known to the
skilled artis3h 9002 11 fheaimoemef ST EMP e 1 8FisTolswed BYAURFBHBAEMERE S 1d]), wherein a
solution of theralphrstesalyienel ima se|venisuchuasimluens)rpadlresd bythe: eauetivn is mixed with

S B R e Y ISR AN e e RO BiFeIS PRRRE IR e o olve
97%, or more than 98%, or more than 99%, or more than 99.5%, or more than 99.9%. In
some embodiments, the purity is more than about 80%, or more than about 85%, or more
than about 90%, or more than about 91%, or more than about 92%, or more than about 3%,
or more than about 94%, or more than about 95%, or more than about 96%, or more than
about 97%, or more than about 98%, or more than about 99%, or more than about 99.5%, or
more than about 99.9%. In other embodiments, the impurities in the final product are ess
than 20%, or less than 15%, or less than 10%, or less than 5%, or less than 4%, or less than
3%, or less than 2%, or less than 1%, or less than 0.5%, or less than 0.1%. In other
embodiments, the impurities in the final product are less than about 20%, or less than about
15%, or less than about 10%, or less than about 5%, or less than about 4%, or less than about
3%, or less than about 2%, or less than about 1%, or less than about 0.5%, or iess than about
0.1%. In other embodiments, the impurities consisting of tocols or tocol derivatives in the
final product are less than 5%, less than 4%, less than 3%, less than 2%, less than 1%, less
than 0.5% or less than 0.1%. In other embodiments, the impurities consisting of tocols or
tocol derivatives in the final product are less than about 5%, less than about 4%, less than
about 3%, less than about 2%, less than about 1%, less than about 0.5% or less than about
0.1%. In one embodiment, the invention provides a method for large-scale production,
enrichment, and/or isolation of alpha-tocoirienol, such as quantities of material containing
alpha-tocotrienol of at least 50 grams, at least 100 grams, at least 250 grams, at least 500
grams, at least 1 kilogram, at least 2 kilograms, at least 5 kilograms, or at least 10 kilograms,
or at least about 50 grams, at least about 100 grams, at least about 250 grams, at least about
500 grams, at least about 1 kilogram, at least about 2 kilograms, at least about 5 kilograms, or
at least about 10 kilograms. The quantity of material containing alpha-tocotrieno! can have
any purity level as recited herein.

[0629) In some of the above mentioned embodiments, the process involves an additional

optional step, wherein the alpha-tocotrienol of high purity is oxidized to produce alpha-

-10-



[0022]In another embodiment, both steps Ib | ) and 1d1) are performed. [0023]In another embodiment,
the plant extrw{; ng ?L]gq oil plant extract. In another embodiment, the plapksxyashis a palm fruit
plant extract. In ano{ er embodiment, the plant extract is a rice extract. In another embodiment, the
plant extract is a rice bran oil extract. In another embodiment, the plant extract is a barley extract. In
another enibssdisRehguiPRRp RIME EXBEEY idBrPa ARaRERR4EE ‘iﬁ“éi?fﬁ‘t‘ﬂ“e?f@rlﬁ%bq?ﬂﬁ?ﬂ%e plant extract
is a mixture.QfifwoRbmers etithedoregaingplaniextifeis] {00&4}ins oheosedddidrent;, introduction of a
functional group.in the free 5 and/or 7 positions of the nan:al . prises
introductio%ﬂ%#g g gﬁfgﬁ p% ich e&lgﬁﬁegs%&%%?g‘gégan(ﬁ?%%ﬁng %st}c;){lgﬁ1 §I1| %?d @%%%ﬁg%%ﬁaﬁzed
non-alpha tpdeinadmofogues eoriparaticm hisktan etbARliZePESFHITO CHBCHCRE St hg material,
source maigrial.of &xttact. Dhssmereased. difiarentiatrolbility.cpa b differentiabealibility in a single
solvent, or increased differential solubility between two or more solvents in a mixed solvent system. In
one embod &Rt & RtFoduction of a functional group in the free 5 and/or 7 positions of the non-alpha
tocol homoio6egids isiacepntpliskedwithout redecihgritecsoalbfeisondsipresentiidocotrienol
compounds,andfor without sausiagsamstication, of e deuble berds pressakiaiagesienol
compounds.’in one embodiment, the step of chemically WO 2010/051277PCT/US2009/062212
reacting thé4b A Bd8IthaiansHI A58 RS guass Brsdete Ml 6cetieRdifs accomplished
without redugingthe @ easibieonedspiesenbintaastrieaticompohinds gnd/eravitiSutcausing
isomerizalion, of dhe double,bonds REESEN 94QcQienal. 6amRg s 02P Ha.coRsmbodiment, the
functionaliZation is introdliced ygamlno-alky ation followed 2}/ acidifica

ion, thus converting the
non-alpha- oot 386 intonthe Eoseehtneifg ArmirkeaiRSAfedprets S d RS eRirRI < id products to

acid salts. In sere,gmbadispens, the fenctiopalizationisinireduced by eminaraticyation with a
formaldehyde equivalent, such as ]}ﬁarafor ﬁlﬁemd%ﬁ%‘g @g@mine rg%:r];] 352 3860 dary amine, such

as a cyclic aming SR B8 Pie iy NSSeraZine” piberiding of marpholine. In some embodiments, the

functionalizétio A 1% introducbanig Fminoatidprtiitwitmess dferafdeHydecenfizr-Shdthylpiperazine. In

some embagiments, dhe fuactionalizatenis iadkssdday.aninerliationituparaformaldehyde and

morpholine. [0026]In one embodiment, the separation of the amino-allc IagLonOBJrod g[; from the
alpha-tocotHiEAGPHE BB S BHA 1RG0 drd BHHBARSH 16 OOIOEBF% as ?Hfall% may be present is

§3
oun
done by paditiefing dnetwecritworarganictasters Stivonerentobdalirmiznt, 36& . separatibar of the

amino-alkyltion products, from. the.alRka-tocatienah ibs.opsianal alpba.tacephereband.other non-tocol
P

compounds that may be present is done by partitioning between an arganic layer and an agueous
layer. In on@eintetRbER O sdp AR GBS HinthoRIEIOR POt & BN e Bfoha-tocotrienol,
the optionakgiphertosophierahand othrenamtoes) admpoundwthaianalbd presest isadone by
partitioning ysing.an acidig organic la IS uch as.ac citr'I comprising fermic.acid. [0027]in another
embodimen{%ﬁég %5%%%%%%%38%én%ﬁf@&i%ﬁ@ﬁ%?%%?néﬁggues are reduced with a hydride reagent
such as sodiehvdynt Boronyeids INGCRBHEIGH afdtrelenbetitht o the B 2RHA-tocotrienol
functionalizggshomeloauasiye 1edced withahyeride reagefisuebuagsoslites banalydride. In another
embodiment, the non-alphatocotrienol fupctignalized homologues are seduced with lithium
borohydride%?ir%]Bﬁf‘rgﬁﬁ}apﬂ'g,zg?’t%rtfgsﬁl aflagrﬁﬂ%i(t)%%rﬁr?ﬁ? rld%. %ﬁoﬁe@g%b?ﬁcgﬁse% .noaéi(r)ﬁent, the
non-alphatototieholfunetibndilizeds hbmoipgiies arsistdgcéthwitratbsal deévpesgdatiuch as lithium
aluminum hydride. n yet another embadimenizthe nemarhadosairienakivngiionalizad homologues

are reduced with a borane, diborane, or a borane complex, such as bor,ane-t-rptutcy(ljlamine complex. In
e

another emﬁ@&i?fﬁﬁﬁftﬁé*“M—QIb‘ﬁa—%B@ﬁﬁéﬁ@Pf}ﬁﬁeﬁ%ﬁﬁﬁ2@@%%’?0‘1%‘5’&%%%{} Tedlice

9]
reduced
electrochemigallyeik withs ain tetefind prohrousieh hsnsodiuFrlithishamabgnddiuless gotassium, zinc,

nickel, or amalgams SRRl NSRIRSPRER £ S HRICRIPIBNRBES SUATkAS ggamONium salts or
carboxylic acids.
Y 0.1%. In one embodiment, the invention provides a method for large-scale production,

enrichment, and/or isolation of alpha-tocotrienol quinone, such as quantities of material
containing alpha-tocotrienol quinone of at least 50 grams, at least 100 grams, at least 250

grams, at least 500 grams, at least 1 kilogram, at least 2 kilograms, at least 3 kilograms, or at

“il-



WO 2010/051277PCUUS2009/062212 [0028]In any of the embodiments above, the processes of the
invention can yield alpha-tocotrienol of high purity. In some embodiments, the purity is in the range of
80% to 99.9%)*Gr " %”rgnge of 85% to 99.9%, or in the range of 90% f’c?y‘g. o?%émzthe range of
95% to 99.9%. In some embodiments, the purity is in the range of about 80% to about 99.9%, or in the
range of abutt85%ltgrabeuir 2919%% abrinsthgraange lefsabout 9096torabo 891004, Hlin the range of
about 95% 9&%@%&% Whod BN EMBOLIREIS, KIEPHHNY R INQiSLINAR;RINMONMOIE than 85%, or

more than 90%, or more than 91%, or mare than 92%, or more than 93%, or more than 94%, or more
than 95%, GPAHbTd¥RZHTOBIE HIATbIRHAR SH2BF noFRaH B 8b AT ISR FRRSBAZ or more than
99.5%, or merariban Qn996 cin homengmbadimends rdkiepteityns more than about 80%, or more than
about 85%, re than about 90%. or more than about 91%, qre than ahowt 92%, or more than
about 93%,@{} ore gﬁ‘%}?{,ﬁ%@ﬂéﬁ%}f’%&’g‘i ngﬁnagoﬁ%%%/%ﬁ{tﬁrﬁor%rtﬁgnlgb%u%&%, or more than
about 97%, eromenel thakibsge'9BYe! B iPaBr tRARIRBEHIS0TYHZ8H M SFéhhar B BeRBP5%, or more
than about 9Q.9%nelmather Brbedimenisadhe, impusitiesdohedigapredcisaeckessithan 20%, or less
than 15%, or less t %, or less than 5%, or less than 4%, or less than 3%, o less than 2%, or
s than DT Tl ST et 6 Lot Pt A R e GRS 1 the fna
product are ldsditharmbewrt 20%¢ orelbss thraprabrouiEsosbor k. thasrgdbbet P0%,akrsss than about
5%, or less thap gppul 4%, HJass than 1BROWAY070), IR IS AL 290.L1 4655 Han about 1%, or

less than about 0.5%, or less than about 0.1%. In other embodiments, the impurities consisting of
tocols or to&B"rSH%}F%ﬁ\c’}éé%'rr?’fﬁél"?’ﬁ‘?é?%c?ac%qéf’é 55 tHANE9%Y 188 thiah 4%, less than 3%, less than
2%, less thasrifeigbs tirn. 3% driess!iiahBulYeHylottiereembodiment st-dhmémypurities consisting of
tocols or toc%&g{_ivatives in the final product are less than about 5%, less than about 4%, less than
about 3%, I8ss than about 2%, less than about 1%, less than about 0.5% or less than about 0.1%. In
one embodiFERE, thelirine i &hs BPEVRERPadimsHb Mo LRGP SRAGEHSR! Brftiment, and/or
isolation of alpha-ecatienel.sishpasguantiiesaimateraheantiaimngrapha-tocotrienol of at least 50
grams, at le 0 grams, at least.250 grams,. at | 500 grams, at least 1 kilogram, at least 2
lograms, dUIEAL 5 Eha LS S AT TRAet T oot onat by Tl o about 100
grams, at lessteiio 280 grarheptandezist msoue SO0 grapitcakeieast apenrnckitldgiesh Caeleast about 2

kilograms, atleastabgiy 24llearamsdorat arstabou:10:kilearamsodhe suastitvifumaterial

containing alpha-tocotrienol can haye any purity level as recit rein. [0029]In someg of the above
monioned aMUBTHBPIS 0 FRANBEE R A AL SO AFaY QpTOR) ieBE WREAE ek
alpha-tocotieénelegfhhighquimnhisimeict zed tosprodicddip hao i@ 1 204018502 P7RICFAISR2009/062212
tocotrienol qyinene ofiNGRCY! D RANGeTkAdIneREIRe £oRVRLRIeR £E alpha-tocotrienol to

alpha-tocotrienol quinone is carried out under buffered conditions. In one embaodiment, the buffer
and/or baseSRBIGER BRI AT REAVELRS AP N LBt Ao D ApRa S R ARy difbie is sodium
carbonate, shdivsviyedagrncasbapatecpoatassiynincatbenatecpoiassitihr ydralgea carbonate,

phosphate qulf)%’cg&%%gﬂ%%'ﬁ? in gm&'proportion of two or more of the foregoing buffers. [0030]In any
of the embodiments a ove, the ro%esses of the invention can yield alpha-tocotrienol quinone of high

purity. In sof838mbolirnete tHEImeE <R tieepiigR B0 1699 sortEriAl fieiPiye of 85% to
99.9%; or inytheriang g i e %ibOP:E 0 ithesiang peab bt hobe s amasewibodiments, the
purity is in the range of abfo tg:O% t%tgl Qféﬁxg%'g%’ or in the range of about 85% to about 99.9%, or in
the range of BESUTOHYE (S Aboutds. 35,701 I the range of about 95% to about 99.9%. In some
embodimeni8§036e pufitye iswhotienthan 886 vertinbrs 835HIBBYE: DiEpdre WRAPISOYCor more than 91%,

or more thafé;%@ﬁ/@a&{ RAEE AN AF% i B 8rthanH4 % p - Mg dha-9R % n At esthan 96%, or
more than 97%. or more than 98%, or more than 99%, or more than 99.5%, or. more than 99.9%. In

some embodHERTSTAESTHRITE Rlord ik AT A0S a6 A W PaB B 8885, or more than about
90%, or moreditamnabouhfldbg erensope dhan about 92%, or more than about 93%, or more than about
2a%%, or more than,ghout3aig, 9IRS ARERANL A Qb ME DAL fore than about

98%, or more than about 99%, or more than about 99.5%, or more than about 09.9%. In other
embodiment82¢h& e R SrimereChRa oGl 4 dofexlien 4 698488 1l 7896, or less than
10%, or less than 5%, or less than 4%, or less than 3%, or less than 2%, or less than 1%, or less than
0.5%, or less than 0.1%. In other embodiments, the impurities in the final product are less than about
20%, or less than about 15%, or less than about 1102% or less than about 5%, or less than about 4%,
or less than about 3%, or less than about 2%, or IéSs than about 1%, or less than about 0.5%, or less
than about 0.1%. In other embodiments, the impurities consisting of tocols or tocol derivatives in the
final product are less than 5%, less than 4%, less than 3%, less than 2%, less than 1%, less than 0.5%
or less than 0.1%. In other embodiments, the impurities consisting of tocols or tocol derivatives in the
final product are less than about 5%, less than about 4%, less than about 3%, less than about 2%,
less than about 1%, less than about 0.5% or less than about 0.1%. In one embodiment, the invention

provides a method for large-scale production, enrichment, ancUor isolation of alpha-tocotrienol
nairnnone <crich ac ariantitice of mMmaterial containina alnha-toecotriennl Adrninone of at leact BN Arame at



WO 2010/051277PCT/US2009/062212 least 10 kilograms, or at least about 50 grams, at least about
100 grams, at least about 250 grams, at least about 500 grams, at least about 1 kilogram, at least
about 2 kilogr3fAS #1834t about 5 kilograms, or at least about 10 kilogrdm& HHe" Yaatity of material
containing alphatocotrienol quinone can have any purity level as recited herein. [0031]In another
embodimenitydhe Trpesintionot dmprisestzorm e thedptor oxidizimds alpheentegotgéragittoalsiatctocotrienol
quinone Witﬁl@?ﬂimal isomerization of the double bonds of the triene moiety. In some embodiments,
the alpha-tocotrienol quinone, : ) )
2-((6E.10E)-3R-hyBroxyiparaiineiBeenf Ay ek abeire tises a5ie a2 the madtsthylcyclohexa-2,5-
diene-1,4-diang sppaducedhnthgpmethodi eamprisespiljtastahbet BObo@t leastiabout 90%, at least
about 95%,C%1;nleoaust gQ’oyt 26%, at Iee%sz} bout 97%, at least about 98%, at least about 99%, at least
about 99.5%, or af]?eas% about 99.99% of the 2-(3-hydroxy-3,7,11,15-
tetramethylhexadéea-6. F0utingrihyr)-Brh BLerpHEns) Bnaeenekiacs Buaresis wig griedridterial present.

[0032]In any.ef.the-aRQymembasingbisithe.agdation of alpha-tocotrienol to alpha- tocotrienol
erformed with cerium (JV m nitrate. [0033]In nothtﬁnr embodiment, a

quinc_)ne Cagi)ﬁsgﬁ) 6 }a e rQog eg'r,ntm%[ﬂilﬂ -tocoinenol se tc(il? Om [Re ONE or )
solution of Ltocob el BRGHENE” R S8l St SUEh 38 TSapropy facetate - n-fieptane, or a mixture of
isopropylacetatesamtbnthdptarssiciflameth ore aickroridicyg rap ey cohad hpadkedwitkx silica gel. The
silica gel Caﬁ&%&t@Eglaﬁgvg%q%p@k&%eé%wmee& sediumibydregen:sarhonate, such as about

0.5-2% by weight or about 1% by weight of sodium hydrogen carbonate. The alpha-tocotrienol quinone
can be elutEB FBHPHRElica 2e1/NaHCO3 with solvents, such as n-heptane, isopropylacetate, or
nheptane:iS@PEIPYladetatahis eatios)okah dutptO@sd dalout: 10015} saboadd0eh A0;tqreipoeit 100:15. The
recovered ?‘t%!a“[%oga%gQ@QQ&H&WL@%‘?&EQHP%gvg%'cl%‘_&Qﬁ&%ﬁg%?_9&%r%'}!@oﬁ%%%f)c?t”eno' quinone
of high purity. §) 4[In another embodiment, the foregoing_ quantities of alpha-tocotrienol or alpha-
tocotrienol GOTABAEIEERTB&Hroduced using a single performance of the method, that is, with a single
iteration of fpesseps Bf thenarehndilQA35]Qe artbdiaen of thednienian,asideseribad in Figure 2,

comprises thquprodL%cﬂtjlon, enrichment n}g/cgr i Iﬁtionl of nahgllr{a}l1 d-al haftocotriqnol from a natural
50 ?on S one moze No, 1*&3 a-16C018 mo Tes At have SN nctiona. 1zed. .
plant source extract from palm oil, wheréin said extract comprises at least one non-alpha tocotrienol,

comprising Hiérsiepsanfoeeeiemetingieesiitproir e setimbduee VatieBrmimovatligamsdeteints which will
filtration known to the skilled artisan.
[0639] In another embodiment, step 2c) is followed by an optional step 2¢l), wherein a
solution of the alpha-tocotrienol (in a solvent such as toluene) produced by the reduction is
mixed with silica gel. The silica gel is removed by filtration, and the remaining filtrate is
concenirated to give alpha-tocotrienol of high purity.
[B040] In another embodiment, both step 2b1) and 2¢1) are performed.
[0041] In one embodiment, the palm oil extract is commercially available Tocomin®. In
another embodiment, the palm oil extract is commercially available Tocomin®-30.
[(6642] In one embodiment, introduction of an aminoalkyl group in the free § and/or 7
positions of the non-alpha tocol homologues provides for increased differential sotubility of
the functionalized non-aipha tocol homologues compared to non-functionalized compounds
in the starting material, source material, or extract. The increased differential solubility can
be differential solubility in a single solvent, or increased differential solubility between two
or more solvents in a mixed solvent system. In one embodiment, the introduction of an
aminoalky! group in the free 5 and/or 7 positions of the non-alpha tocol homologues is
accomplished without reducing the double bonds present in tocotrienol compounds and/or

without causing isomerization of the double bonds present in tocotrienol compounds. In one
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react with the one or more non-alpha-tocols to introduce a functional group in the free 5 WO

2010/051277PCT/US2009/062212 and/or 7 positions of the one or more non-al(%ha-tocotrienols and

converting thé”&&?}ﬂ@?éziﬁto acid salts, 2b.) separating the one or n%g}réﬂr%%-é%zg-tocotrienol acid

salts of the products from step (2a), from the alpha-tocotrienol, optional alpha tocopherol and other
non-tocol cenipcimas, thastrmay lsdupiesinmemelpha topel furigemigethecmotegiphte-roedierenol

functionalizgek homaloghes With ARECCING A9eRkIS-giNe alabr-iasatrienchah ieh-ruety. [0036]in this

particular embodiment, the alpha-tocotrienol separated from the one or more amino-alkyl tocotrienol
hqmologue%ofﬁpé’ﬁgﬁs(% % W&%&B\}%P@d?{’t’ﬁ’ﬁgﬁ%ﬂﬁﬁ eS80t SRREERIETHIHG Bt E Bha-tocotrienol
without the qaeedelintensive and/or expensive chromatography. [0037]in another embodiment, the

process dogg,ef compiss.an.addiiona! slembaiRinLinG AlpbaincawEno M B Is
recovered, thus allowing for a more economical commercial process. [0038]In another embodiment,
step 2b) is feMbWeRtbPdrropiiREn sy 5116 FeaTiAgG PEBRICHOPRY SREEHB Aon-alpha-tocols
h0m0|99!Jemtahﬁﬂ@s@@@;@dfﬂeﬁiiﬂﬁﬂdﬂﬁgipaﬁiaﬁpﬂpéaﬂibeo@afwmadwSmgsdziamimaceous earth such
as CeliteiD or any other method of filtration nown ta thea s%illedlgrtis%n&ﬁjbpggw]ln another embodiment,

step 2¢) is FOMBRIEECRY X BoHST SHSD B Uer i P AaH i of the alpha-tocotrienol (in a solvent
such as toluerie)lproduced by thenptttn ctivredinvikels wih sitibalgedn Trresities §&iis removed by
filtration, a%@gm@g@gﬁﬁt@gﬁgmcemrmed to give alpha-tocotrienol of high purity.
10044] To another embodiment, the reduction is performed with a hydride reagent such as
Hithium aluminum hydride, lithium borohydride, zinc borohydride, tetraalkylammonium
hydride, sodium borohydride or sodium cyano borohydride.
{0045] In another embodiment, the reduction is performed with a borane, diborane, or a
borane complex, such as borane t-buty! amine complex.
[0046] In another embodiment, the reduction is performed electrochemically or withk an
electron donor such as sodium, lithium, potassium, magnesium, zinc or nickel or amalgams
thereof in the presence of a suitable proton source, such as a protic solvent such as an organic
alcohol or liquid ammonia, or such as ammonium salts or carboxylic acids.
{0047] In any of the embodiments above, the processes of the invention can yield
alpha-tocotrieno} of high purity. In some embodiments, the purity is in the range of 80% to
99.9%, or in the range of 85% to 99.9%, or in the range of 90% to 95.9%, or in the range of
93% to 99.9%. In some embodiments, the purity is in the range of about 80% to about
99.9%, or in the range of about 85% to about 99.9%, or in the range of about 90% to about
99.9%, or in the range of about 95% to about 99.9%. In some embodiments, the purity is
more than 80%, or more than 85%, or more than $0%, or more than 91%, or more than 92%,
or more than 93%, or more than 94%, or more than 95%, or more than 96%, or more than
97%, or more than 98%, or more than 99%, or more than 99.5%, or more than 99.9%. In
some embodiments, the purity is more than about 80%, or more than about 85%, or more
than about 90%, or more than about 91%, or more than about 2%, or more than about 93%,
or more than about 94%, or more than about 93%, or more than about 96%, or more than
about $7%. or more than about 98%, or more than about 99%, or more than about 99.5%, or
more than about 99.9%. In other embodiments, the impurities in the final product are less

than 20%, or less than 15%, or less than 10%, or less than 5%, or less than 4%, or less than
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[0040]In another embodiment, both step 2b1) and 2c1) are performed. [0041]In one embodiment, the
palm oil extract is commercially available TocominC) In another embodiment, the palm oil extract is
commercially 3 HEcomin(r)-50. [0042]In one embodiment, introdbithidh 8% &Hhinoalkyl group
in the free 5 and/or 7 positions of the non-alpha tocol homologues provides for increased differential
solubility ofafte duiactitialiZe crien-akphttoodkfiahaologte srdesm fandd 'té . nrefuaactionalized

compounds, i thie, SLtIRg iﬁﬁgﬁﬁrlci@m%ﬁﬁama@@al RNiEXURC IR Inareased glifferesial solubility can

be differential solubility in a single solvent, or increased differential solubility between two or more
solvents in &fRiEEEoRBMOSYSIOR: ThiBHaRAbSH Mant! 1R RtFRRRELSH oF MBI group in the

free 5 and/gwi gasitians dhe nobralphatogalhomaloguetis ascomplishettwithaubsaducing the
double bongsw%r e

in tacotrienol compounds and/ar without causing isomerization of the double
bonds present’in ogqéﬁlfégrrfioloébnrlﬁﬁghngé. rlll%qheg c\%%%b’l%ggoﬁg%%}é%/%&a 8576%%12 embodiment,
the step of fedlieipdpeharnises diphaZtokot fhirchitnlsiz &t hdototties 16 prstitiea BfpHgstocotrienol is

accomplishegdwjthaut E%ertf@ﬂ@.ﬁ% deuble bapdsRepsent miacnirienalicanmpourds and/or without
causing isomerjzatjon.of the double bonds present in tocotrienol compounds. [0043]In another
ermiodmer P A AT RO Hb 3 R 2 APy PSR AT SUEH s
paraformaldébyd’ ded tianaaine; Buleks dsia dwoohdalssaimnebsudhd &soa leyclicrarhing selected from

1-methylpipgrazing «RiRetiding. ol raerpbeling: Jrvetaneiherembodiment sAmng-alkylation is

performed with paraformaldehyde and 1- methylpiperazine. In yet angther embodiment, the
amino-alky SRS He s/ i s AT oA RaRYeR S S ATABTRRE Be572) r4HBHer embodiment,
the reductianipisaperiatmebidtheashydpiden reatant Kichass)ithitam afitntmumahiesid@lithium

porohdride, zine doraydiiglesteialiviamppniv. hudride, sadim barplndida gr.aecium cyano
borohydride: f 45]In anothet emibodiment, the reduction is pefformed with a borarie, diborane, or a
or at least about 50 grams, at least about 100 grams, at least about 250 grams, at least about

500 grams, at least about 1 kilograrm, at least about 2 kilograms, at least about 5 kilograms, or
at least about 10 kilograms, The quantity of material containing alpha-tocotrienol can have
any purity level as recited herein,

[0048] In some of the above mentioned embodiments, the process involves an additional
optional step, wherein the alpha-tocotrienol of high purity 1s oxidized to produce alpha-
tocotrieno! quinone of high purity. In one embodiment, the conversion of alpha-tocotrienol
to alpha-tocotrienol quinone is carried out under buffered conditions. In one embodiment,
the buffer and/or base employed during conversion of aipha-tocotrienol to alpha-tocotrienol
quinone is sodiurm carbonate, sodium hydrogen carbonaie, potassium carbonate, potassium
hydrogen carbonate, phosphate buffer, or any mixture in any proportion of two or more of the
foregoing buffers.

T0049] In any of the embodiments above, the processes of the invention can yield
alpha-tocotrienol quinone of high purity. In some embodiments, the purity is in the range of
80% to 99.9%, or in the range of 85% to 99.9%, or in the range of 90% to 99.9%, or in the
range of 95% t0 99.9%. In some embodiments, the purity is in the range of about 80% to
about 99.9%, or in the range of about 85% to about 99.9%, or in the range of about 90% to
about 99.9%, or in the range of about 95% to about $9.9%. In some embodiments, the purity
is more than 80%, or more than 85%, or more than 90%, or more than 91%, or more than
92%, or more than 93%, or more than 94%, or more than 95%, or more than 96%, or more

than 97%, or more than 98%, or more than 9%, or mose than 99.5%, or more than 99.9%.
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borane complex, such as borane t-butyl amine complex. [0046]In another embodiment, the reduction
is performed electrochemically or with an electron donor such as sodium, lithium, potassium,
magnesium, ZiHe BHiekel or amalgams thereof in the presence of a suifgg{g%f’(‘}%éﬁﬁ%{furce, such as a
protic solvent such as an organic alcohol or liquid ammonia, or such as ammonium salts or carboxylic
acids. [004jIsanyobibienenth ddimeintssabevehdhebpro8e%ses mbthéanveeridn Taer yield
alpha-tocotyienal of high Rutity, |, SPMS.CoROdIments, eRurifds in Ierangenaf.89f4 to 99.9%, or in
the range of 85% to 99.9%, or in the range of 90% to 99.9%, or in the range of 95% to 99.9%. In some
embodimerfisgie Hearitpoutiftfiecrarije BrupGut 8% a6 thaad w5 S67ar IR Fa MY of about 85% to
about 99.9%n et indherangeniaboutB09mienakotb 903 Y% inthe kahgebbalsout®hd to about
99.9%. In some embodi the purity is more than 80%..0r more than 85%, or more than 90%, or
more than 55[19%:, %?nn%%?gqlﬁ%%;%ﬁg?%%?gq;%ﬁn % o,i%l lfrl'llloi%lt g]ﬁ %I]A%;Rrgcrmrﬁoafg than 95%, or more
than 96%, dramap&tiealrS7han oF fnordemharog0%, oF lefoiéahaf-99desschandfe #dTI925%, or more than

99.9%. In sgme,cmbadinents, the AuitydisoMereiba0 sout 180%.90 meratharabout 85%, or more
than about 90%, or more than about 91%, 01: more thaﬁ abt%ut 9 %t,zg)r mor}e ‘tht n about 93%, or more
than about @%@895’?%%@%@3%‘88@%@%{“8 TSHSHASACAbBER 863 S thaR a5tk 97%, or more
than about 98% cotessonent armaliGut® 8% tommorg fTarmalseh99:596| i moketitzm alyott 99.9%. In
other embogiments,the Jmpurities Jnheifinabpredsctaigass than 4%, anigss.thadke%, or less
than 10%, or less than 5%. or less than 4%, or less than WO 2010/051277PCMJS2009/062212 3%,
or less than29%; &p RAE (ahrdisacih A SHRuITe: $955 8118 <Y 1Rk 611950 FPBtREY & iidBRiments, the
impurities imithegiaaldpedisct are Essidhanaalacy 10 %arop fedssthm abo utsd 5%b, 8k |&ss than about
PPOUL % R01eeS hAn DAL ALIGRS AN AROU A, A% RIS an about 2%, or
0

10%, or Ies%g@\&pé

less than about 1%, or less than about 0.5%, or less than about 0.1%. In other embodiments, the
impurities ctnssisiaigasirsdpidoiitalosPestiptivesha AR AhaT plod fenaho 1@ thah B9, less than 4%,
less than 3% dJ@ssihar; 2% i8ss thandlede ssdham0ib%en less:th@anQd%:s thethermembodiments,
the impurities g]on@isstin% 01.]; tg_cols %tocol gierivativgs in tht gic[?‘lr argdggtlgrert’l(%ﬁ%{t)han about 5%, less
than about 49 “1eSs AR aBB 304 TRLE TSR BB6UT D84 16SS thai about 196, 1ess than about 0.5% or
less than alboutiDrtds. dmdémeseribodimiphe- tretimmehtivngsro vid ssaamethotofonitagd-scale production,
enrichment, gndion s Iﬂﬂ%c%?c'ﬁh‘%ﬁ‘i%ﬁ’é@@QQE&%H%MP%@&E@%@@}&%@rzi@ie%@d‘ﬁﬁbning
alpha-tocotrienol of at least 50 grams, at least 100 grams, at least 250 gr , at least 500 grams, at
least 1 kilogFa®d¢ IS oS 43GIMLt 1ASBBRIBG S OParEu S ]’fgf’fﬁrgg AMSor dt least about 50
grams, at lesttabddoiBthgramsicad ldast Abputr250 graraboat!ifastaboutE80oraids) at least about 1
kilogram, atJeagt ahout 2.kllpgrams.atleast apant S hilaarams. af aldeastakouk 1Qdlagrams The

quantity of material containing alpha-tocotrienol can have any purity level as recited herein. [00481In
some of the?ABBVERHREHBHEE BBDARE ALK IRE RS cL 88 MBI SRSt GONAPSRIYARM step, wherein
the alpha-togetienel gfiigh puriyisaxigizeditocprodutediphatocotrienol quinone of high purity. In
one embodi the conversion, of alphaztocotrienol to alpha-tocatrienal guinane js,carried out under
buffered cor@?ég%s. I%ngﬁ%%%%%%%rg%%’t Y ‘lﬁ er %ﬁ%?%%ie' eer.nployeg dur%{é acgerlversion of
alpha-tocotriesrslicocakstentecetdsisbplquirer ials BenimilcsrperiateoseidisrAMHrBYEl earbonate,
potassium carhgrate, HetassiushbysiRgeRn-cararnaie. phosphate budier caranymisiire in any
proportion of two or more qf the foregoing. buffers. [0049]l y.of the embodiments above, the
processes otf%‘?fg)iﬁ'\;’enﬁ&rll%é%ﬁr%}?éi a f)’ﬁél-etcoaégt{r?élr%nﬁﬁ ﬁé?fg’%“%rﬁ‘f@%b@ﬁ?& n asgf%é% émbodiments,
the purity is It thierangaiof80%otho BSI8Ycwnir stharkngau8E0F 1ot $9:99b0wriviithet leasge of 90% to

99.9%, or in the renge, of.95%.40: 99:0%- 110G srapadiments, the pukiteis: inshesange of about 80%
to about 99.9%, or in the range of about 85% to about 99.9%, or in the range of about 90% to about

99.9%, or inlEAE FaRHE Of Al o TP WoG 08 9% 21 b ¥imbodients, the purity is more than
80%, or morettirant8Hr desaorithanifYe,30r tmoretndoy 8 1B6x 6L MdredHahd@%ometenrdre than 93%,
or more thanrgég’é% or more than 95%, or more than 96%, or more than 97%, or more than 98%, or
more than 9%%, or more than 99.5%, or more than 99.9%.

(6051 In any of the above embodiments, the oxidation of alpha-tocotrienol to alpha-

tocotrienol quinone can be performed with cerium (IV) ammonium nitrate.
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WO 2010/051277PCT/US2009/062212 In some embodiments, the purity is more than about 80%, or
more than about 85%),50{7;n0re than about 90%, or more than about 91%%1%%5%‘;25;9 about 92%, or
more than abott 5151%] &Y ore than about 94%, or more than about 95%, or more than about 96%, or
more than about 97%, or more than about 98%, or more than about 99%, or more than about 99.5%,

or more thdfG#8but 99 IgheneatbraliwpibeaEATABNASERITIER HHO T AT BrodiFet 1 less than 20%,

or less than, 5%,k 18s%:thamif%e o lessdhanbiepaiasethaand ¥ hopdassithardsn ar less than
2%, or less than 1%, or les than@z%g}%,.glr less t anrgéls%. In ?Eggrcglgnboglé%%gﬁs,b%h%}gr?purities in the
final producSPRRSE I S ABRPH05A UFSESHSh ABout Tho6. oF I6aathan abaut T0%. or less than
about 5%, Sfdéssattigin abodiuidby drokzss tHandbouthGHrtonidss Hiary atvigit 206erté%s than about 1%,
or less than, ot 0. 5%q0rl8se e ARRKER. 194 i ether amhodimentscihedmpuatgsconsisting of

tocols or tocol derivatives in the final product are less than 5%, less than 4%, less than 3%, less than
2%, less thal 19521 H D Bih 516LE t5h B 1A S tHPEMDEGIAtR ¥ the impurities consisting of
tocols or toaepeeriativgsiindhe finalipsofustandlesstiban eboubss ] (6sKtharbalyold%, less than
about 39, 1258 DA AN A% JPERNANARGHY Limdees.than.aot e g pagilian about 0.6 In
one embodiment, the Invention provides a method for large-scale production, enrichment, and/or
isolation of ifstiEctstotisne PghigbPEEuch as quantities of material containing alpha-tocotrienol
quinone of ajjegst 5¢hgrams; atbeasichiOhgraragiat leasti2bbgipmsiabieast b0 grams, at least 1
kilogram, at least 2 kilograms, at least 5 kilograms, or at least 10 kilograms, .o, at least.about 50
grams, at Ietgg?tgﬁ%ouﬁigﬁnger%m%é? glio?ieugg a %%? ﬁ?&% gmos}'fnéltn fgé)gtt%agb%% %Cgh S%ésmg{}éaﬁeast about 1
kilogram, atlegistatgot 2fkilograns, the fedbtdbout 5 kilograms, or at least about 10 kilograms. The
quantity of mgtasial containingialphriecalriRRAbIINORe 8N, hiave Rey Ruleyelassfrcited herein.
[0050]In another embodiment, the invention comprises a method for oxidizing alpha- tocotrienol to
alpha-tocotﬁgnol guinone with minimal isomerization of the double bonds of the triene moiety. In some
embodiments, thelalphartacofie pehguinane)ixture, comprising at least one non-alpha tocotrienol,

2 (6E 10R):AR Iniehtatend Lk GHAMEIMRNOERGE B0 A iR BRI Cy clohexa: 2.5-

diene-1,4-dione, produced %{ﬁt}he method comprises at least about 80%, at least about 90%, at least
about 95%, APIEAR SEIR 06w 5t RS/ AHGRASE 795, %5118 8¢ SDBOTTRYs AP FERER Sbout 99%, at least
about 99.5%, or atlpast apeuR2RUne btk (RhyPraxyed] hddokiutetianetkybaxadeca-6,|

0,14-trienyl)-3,5 6-t{im th)éll%y lohex -2,§-dien =1 Fi(i}%gfea t%'&% 951%?%9&4&91534%@&' of the above

4-
. el 1, thie’o :
embodimen s?ctﬁ%mé%e dtion of a f)%g-t%cgo?ﬁg%o to & pha- tocotrienol quinone can be performed with

cerium (IV) sempronilsrid#itraree WerP910/051277PCT/US2009/062212 [0052]In another embodiment,
a solution of alphastgcotignahayvinans, #pa-splvertsuchesisepapylacetate: refieptane, or a mixture
of isopropylacetate 2nd n-he taneg, iis Izt;lcedhon 2 ch??rQatgg_r%E)Or}y o‘io'%%’& SL_)acked with silica gel. The
silica gel cal BontAin BBHIE SR SBD GO B By Weight of Sodium Rydrogen carbonate, such as about
0.5-2% by weight d4. abouteitéably waigis ©f soeiurmaydeogephearbiareiaiéztbha-tocotrienol quinone

can be elut%gggm%&@@@i%ig@ geNakG3with solvents, such as n-heptane, isopropylacetate, or
nheptane:isopropylacetate in ratios of about 100:1, about 100:5, abo%ét 100:10, or apout 100:15. The

. 10,
recovered solution®f alFEAeAEtA¥ABTHE S HEPCaT BE KBS BRPAIER 15 }gng gfﬁﬁea‘?ol%otrienol quinone
of high purity:J@@53Hpianoteet-eoh hodimantidhe five gipimgtopearitié sfof giphiadtoentrienol or alpha-
tocotrienol quinong.can be, g %g?{%ﬁiﬂ&&ﬁéﬂg'%&ﬁ%ﬂ@é}@@ﬁ&éb}?@%@&ﬁeﬁ@ﬁt is, with a single
od.

iteration of the steps of the met 054]In some embodiments, as described in Figure 3, the
process corfiptieas thesheps s
[0055] In another embodiment, step 3b) is followed by an optional step 3b1} of filtering a

solution of the one or more non-alpha-tocols homologues that have beer functionalized.
Filtration can be performed using diatomaceous earth such as Celite® or any other method of
filtration known to the skilled artisan.

[3056] In another embodiment, step 3d) is followed by an optional step 3d1), and/or step

3e) is followed by an optional step 3e1), wherein a solution of the alpha-tocotrienol {in a
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3a.) reacting_ a pla_mt extract mixture, comprising at least one non-alpha tocotienol, with suitable
reagents which will react with the one or more non-alpha-tocols to introdg%ﬁjg2 glgal group in the

functi
free 5 and/or ¥P3&itiGHE’6f the one or more non-alpha-tocols; 3b.) geparaﬁ%goﬁ%e one or more

non-alpha-tocol homologues that have been functionalized, from the alpha-tocotrienol, the optional
alpha tocophierot artl othivenerptodsicddm fourkistipaismayehe heseatzel The silésstashidlly further
separating fhe alnha-fReatienobin the-mixtiy e seRaatRdR steP ). iigm the-ertional alpha

tocopherol and other non-tocol compounds; 3d.) chemically reacting the one or more
non-alpha-ﬁli@é)l?ﬂﬁlﬁ%tionalized homologues to give alpha-tocotrienal, 3e.) optionally combining the
alpha-tocotti@an| from stepd3anvuitinthe, hewvitaprdiuread alphsbtocetriedbl frohsteps(3d) to give

alpha-tocottrgl?eneoltgfsgi&h ggﬁtyanﬁ%gl) e %gﬁj&i&ing the alpha-tocotrienol from step (3e) to give
alpha-tocotrlenoﬁ umor)n’e of‘high purity. [0055]In another embodiment, step Sb%ii:g followed by an

optional ste§®3BL) ofih Retip A dBlERfoR BIME Y BRI HeRoARdOEETS RBYBIGgues that have
b;ehen funcﬁlgﬁ%glq,f@%@ﬂp{]k' sl perferned dsigeidtomactonskagtbupudiices CeliteO or any
other method of filtration kno o the skilled artisan. [0056]In. another emhodiment, step 3d) is
followed bypé?lv’éjﬁ?ig%é’fc&éf)%vé}{g?rgﬁu osroéetélgt\ysé)??gefo ngb%éqbzfr&arﬁogﬁt] gﬁgf%%llep 3e1), wherein a
solution of tiveralphastocopaeddb (inraltw P e0LeICSIPTRRCTY S SeNDLOB2R 12 S6HFéht such as toluene)

produced by, the, redugtion isyixedaith silica aak Theisiica.gs! isremevesbhyifitration, and the
remaining filtrate is concentrated to. _cave alpha- .03? trienol of higg(g_lejrit . [0057 In.ané)ther

embodimerit" 87 3B a1 S BB UEPLSBY Hhd e d) o Al ' 1 £

solvent system. In one embodiment, the introduction of a functional group in the free 5
and/or 7 positions of the non-alpha tocol homelogues is accomplished without reducing the
double bonds present in tocotrienol compounds and/or without causing isomerization of the
double bonds present in tocotrienol compounds. In one embodiment, the step of chemically
reacting the non-alpha tocol functionalized homologues to produce alpha-tocotrieno} is
accomplished without reducing the double bonds present in tocotrienol compounds and/or
without causing isomerization of the double bonds present in tocotrienol compounds.
[0059] In one embodiment, the functionalization is introduced by amine-alkylation
followed by acidification, thus converting the non-alpha-tocotrienol into the corresponding
amino-alkylated product and converting said products fo acid salts. In some embodiments,
the functionalization is introduced by amino-atkylation with a formaldehyde equivalent, such
as paraformaldehyde, and an amine, such as a secondary amine, such as a cyclic arnine such
as |-methylpiperazine, piperidine or morpholine. In some embodiments, the
functionalization is introduced by amino-atkylation with paraformaldehyde and 1-
methylpiperazine. In some embodiments, the functionalization is introduced by amino-
alkylation with paraformaldehyde and morpholine.

[0060]  Inany of the embodiments above, the processes of the invention can yield
alpha-tocotrienol of high purity. In some embodiments, the purity is in the range of 80% to
99.9%, or in the range of 85% to 99.9%, or in the range of 90% to 99.9%, or in the range of
95% to 99.9%. In some embodiments, the purity is in the range of about 80% to about
99.9%, or in the range of about 85% to about 99.9%, or in the range of about 90% to about
99.9%, or in the range of about 95% to about 99.9%. In some embodiments, the purity is

more than 80%, or more than 85%, or more than 90%, or more than 91%, or more than 92%,
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three steps 3bl), 3d1), and 3el) are performed. [0058]In one embodiment, introduction of a functional
group in the free 5 and/or 7 positions of the non-alpha tocol homologue; Hﬁi?/?@i- roduction of a
group which ﬁ?&ﬁ%@%?ncreased differential solubility of the functionalized non-alpha tocol
homologues compared to non-functionalized compounds in the starting material, source material, or
extract. Therincredzad dferanti Sot o avbaharfyEntamsaribinty o Lsiric®&ivent, or

increased djferentialsalubiity, REWSE NG, MQHRSARMEIES 30 Sofmixedisalvertisysiem. In one
embodiment, the introduction of a functional %{%ﬁé%é e free 5 e&d/ogozlt%%%tlons of the non-alpha

tocol homofSBEEL ROHRES S REGWIRASUE F * dOUBTE BGHAE present in'tocotrienol
compoundstandionnwiitiout catsing issmer FatiomofettendiwblS Honestpre deamt abrtd Gétiienol
compounds; o on %di%rggo%q iment, he sten.abshemisalbiaacing.the e alphatogeh functionalized

homologues to produce alpha-focotrienol is accomplished without reducing the dgiqble bonds present

in tocotriendas bR A SIS PRt SHFcAUSHE FEBARE &ddh BrIve A5 Bonas brédsent in
tocptrienol mm@sﬂ@@,@@]]q@@@mﬁﬁﬂﬁmam, ﬂi\aei}itm@i}itemfaliﬂatﬁ)raiismophmmmy
amino-alkylation jollowed by, adiication, (us £o0velling enomalRR; IpgolieRoligto the
corresponding amlho-aeiﬁy ate prbdructS and converting said products to acid salts. In some
embodimerit&, thécfafeticiTalzaeritandtFoduicetiog AnfinoidneyRapa-Whh & f5Hhaldehyde equivalent,

such as parafgsmaldehyide a6 @n Amioensyshias asreondanbamine;, suthsas.a syalic amine such as
1-methylpiperazine, piperidine orpholipe. In some embodiments functionalization is
inroduced L3 A ARy ARG AT ANy e g 1 Sl e e e Ao
embodimerit%, théshurictichalizationrikintredabead Wy annediky ktionWith paratckmaibetyde and
morpholine [RR6QlinAny. pf b embadiments:ahonsihe precsasasebibe-ineatianigan yield
alpha-tocotrienol of high purity. In some embodiments, the purit\éﬁijsr? tT r%g?e f 80% to 99.9%, or in
the range oPBERFYPIF IS TP e i G0 Gobs 1880 500 <5t TH B ARG 3t 040488 99.9%. In some
embodimentg,nthe puritysistianthe %arigetbiadntuni B (otabopt 88:996nostingthetvariger of about 85% to

about 99.9%, or {02 ange,0kaAna E&%‘?&%ﬁ&?%&%@o%%%?ﬁé&‘rﬂﬁn%&?@i,%@%a%% to about

99.9%. In some embodiments, the urity is more than 80%, or more than 85%, or more than 90%, or

more than 9098t 3 ritsreliiath TR . O et 1 Z7 1ty dseb i o0k s diemdidthan 93%, or
more than 94%, ar BRr&Ihan-25Yoheirakeihan 26V, Etharethage 978, podnsienthan 98%, or more
than 99%, or more than 99.5%, or more than 99.9%. In.some emhbod; ents it&%&lﬂgl is more than
about 80%,%@?%81%%@39?%5%0@%%%, %FPI}%CB?%O an % %&taé(g%%trwf%%g}e}lthaﬁ about 9%, or more than
about 92%, dphmee i AbeUeg8 56, Brmiort thnh WM 40445t Wb EERasABELEY5%, or more than

about 96%, gt mogeithan RRWLR7 et marsthan about 986 pnMeatian ahpis %, or more than
about 99.5%, or more than about 99.9%. In otll% rembodilment[s)bth <impurities, in &h final product are
less than 20964740 E8Mal 9898 8 sk hosh @%,B%F’I%tsgat%gn EB/%OF%%%E’ an- 32 or less than 3%,
or less than®@%gembessi¢hantbis, | dillesanthaiedso%ow 2ldsethan. 8t 196 pbothe keparatiraents, the
impurities in,the final Aradues A16, e, 1A% AR IrgS AN ARAULER 6! Bidass.than about
10%, or less than about 5%, or less than about 4%, or less than about 3%, or less than about 2%, or
less than alfBiItPEsy biv s HTHA‘EISER 0.5%, or less than about 0.1%. In other embodiments, the
impurities cogmisting of iecofsierdataliderivatives ihethedisak pfobustvanedessithiali 5%, less than 4%,
jess than 3% |ess Iha0 37ulse: AN A %, |R5S INBRO.aHR BRIaRS HERJtesdmetstegbodiments

the impuritiespcon5|s ng of'tocols or t6col vatives in the final product are less than about 5%, less

than about A9 le<¥ #farraisohe sude583%4n Hbdht 298, tesangat! 2BHUP 296 Te S5 thBf about 0.5% or

less than abgyt et $89dReaRe @Mbpdimeshsiaendarentiopupiovidesha mgthsddisorlabgetscale production,
enrichment, and/qr isolation of alpha-tocotrienel, such antities of material ining
alpha-tocotrf3A8! 80%‘%%185& 5 %f%}%%ft %ﬁ%%‘@@%ﬁé%%%f %é%?‘%esrénésa{’m&ég,ogctt eagsg) 500 grams, at
least I. kilogramy 8%.kSastrankilogramsf abteb®1% KikSgraRT) Gr &t teastTDdintiimee sFaMeast about 50

grams, at least ahqt 190, 9rRMS Ak igaskabe w258 arams Akisashaboth X3Gerams: at least about 1
kilogram, at least about 2 kilograms, at least about 5 kilogra %, or at Ieaﬁ?t aé%%ut 10 kilograms. The
i 5 BT S

quantity of niaferPIeSRLRinG alShRYGcSHedr CATAEVE ARy BT RS récited' Rerein. [0061]In
any of the embodimentmabavs,; #6 processescidfiednventibanchietd mtphtnE8tiiénol quinone of
high purity. In some embodiments, the purity is in the range of 80% to 99.9%, or in the range of 85% to
99.9%, or in the range of 90% to 99.9%, or in the range of 95% to 99.9%. In some embodiments, the
purity is in the range of about 80% to about 99.9%, or in the range of about 85% to about 99.9%, or in
the range of about 90% to about 99.9%, or in the range of about 95% to about 99.9%. In some .
embodiments, the purity is more than 80%, or more than 85%, or more than 90%, or more than 91%,
or more than 92%, or more than 93%, or more than 94%, or more than 95%, or more than 96%, or
more than 97%, or more than 98%, or more than 99%, or more than 99.5%, or more than 99.9%.



WO 2010/051277PCT/US2009/062212 In some embodiments, the purity is more than about 80%, or
more than about 85%, or more than about 90%, or more than about 91%, or more than about 92%, or
more than ab&{ft Y3848 more than about 94%, or more than about 95‘%;%??%%%0 $#4h about 96%, or
more than about 97%, or more than about 98%, or more than about 99%, or more than about 99.5%,
or more than e dRh@%entn, dihenagmnbodiméntsaithe Bofuntiesintthe fival Prédacare less than 20%,
Or less thar 1398, 07 468 AR Slola9s AP mdh BAIGHS NG % Rlas e gERION less than

2%, or less than 1%, or less than 0.5%, or less thaotj 0.1%. In other embodiments, the impurities in the
final product are teBanrIN AT BP5E JrR S AR At HOrS hbiRds a P IB S B, or less than
about 5%, qriessithas abkeutddesosless thanabaiih 3%onosdassithanabhouads 985 fess than about 1%,
or less than abouyt 0.5%, [)gﬁs han about Q.1%. In other embodjments. the impurities consisting of
tocols or tof0 i’%Ié\glr&‘i\r}aa Ve i(5r1 the I#fn%%eﬁr%[a%%%%%t éé%setlﬁ?ﬁ%%ﬁ%ss than 4%, less than 3%, less than
2%, less thénm %% eadahame 5%, or lessthmbOf 1% Gt eribisthimiahts? tReliiiftiities consisting of

tocols or togg) defivativesin thednakrrodustiareiess SranakeLhbds, lessithareabout 4%, less than
about 3%, less than about 2%, less, than fat%ﬁut gj.%f Iesls th&nnaat%g‘tljtt . %r% Slgeglsa Igh:g(r;ﬁg'glbout 0.1%. In
one embodfAEATTRE NS ARBA BFSVdEs A A BIRD 187 1575 2L A8 brodiiction, entichment, and/or
isolation of aphastisetiendogulitner Bucthasaosarittics thniateabtwdiftaimile Aiphabtdyeotrienol
quinone of atleast 0:grams, atleast 400.9aR1% 131 I6ast ARMGIRIND. 8 |eaARl 500008508, at least 1

kilogram, at least 2 kiloarams, at least 5 kilograms, or at least 10 kilograms, or at lea&?t about 50

grams, at |hsFatb GIhFOEFRIRE L RarRBBIE S5t FaRTY, ‘BrE L S50 HF 560 Gramas

, at least about 1
kilogram, atrigastaheuir? kilogeams, asterst aboltSikilotkams; brelfedstsaboutZ0dkilograms. The

quantity of matciia coptaining alehaio AR AHRGRC: KAk AAYE. ABx AU lpvelsirecited herein

[0062]In one embodiment, the conversion of alpha-tocotrienal to alpha-tocotrienol quinone of step 30
is carried oueshdeibiifrsradhediiisadnairses e FotiHer-tie et ard/Gr bas®mployed during

conversion of alpha-tecatrie ash iorsiphastasoieRol % Une aenofisiern 3exis saditiam absbonate, sodium
hydrogen carbonate, potassium carbanate, potassium hydrogen carbonate ate buffer, or any
mixture in afly BrdpSHTIGHE? W%e%rtgrﬁeollﬁé’egflfgléb ?%‘Féﬁ%?n%y% e%sr.l%a%é”o?ﬂ% %rr(%!}gg?%mbodiment, the
invention comprisesiaamithoglitooxidizmgtedphigrebedaenoiurd alphatsEstientEhtlinone with minimal
isomerizatio,of {he.deuhle.bonds.ofihedrions meis gisomeLmbodimants 1the adpha-tocotrienol

quinone, . - : finerams
2-((6E, 10E) SSHRhyiHeRy S8 et sttt rh KA TR At B0 A8 HE S 3 B e Amefiyicy clohexa-2,5-
diene-1.4-dieae,prathyeeds by thieasetiod Soprprises atiebstalho g 809wt & akewBalit 90%, at least

WO 2010/051277PCTS2009(062212 ahout 8%, pileast abRuL36%: akirastabuby%., at least
about 98%, %t east about 99%, at least about 99.5%, or at fea_st about 99.9% of the
2-(3-hydroxytst 3 ilpgrams, or at least about 10 kilograms. The guantity of material containing alpha-

tetramethylhgxadeaa {nihont 4= Rry bh3 fwbstinatiyleycld hexar2,5-diene-1,4-dione material present.
00641 any gi e aheve empodments, (s xitaion of ot ienal a ez ocotrieno

guinone ca erformed With cenurm V) ammonium nitrate. [0065]In ‘another embodiment, a
solution of afpirastoedteds] §emopkywhadss Refredeppditons. In one émbodiment, the buffer

and/or base employed during conversion of alpha-tocotrienol to alpha-tocotrienol quinone of
step 3f) is sodium carbonate, sodium hydrogen carbonate, potassivm carbonate, potassium
hydrogen carbonate, phosphate buffer, or any mixture in any proportion of two or more of the
foregoing buffers.

[0063]  In another embodiment, the invention comprises a method for oxidizing alpha-
tocotrienol fo alpha-tocotrienol quinone with minimal isomerization of the double bonds of
the triene moiety. In some embodiments, the alpha-tocotrienol guinone, 2-((6E,10E)-3R-
hydroxy-3,7,11,15-tetramethylhexadeca-6,10,14-trienyl)-3.5 6-trimethyleyclohexa-2,5-diene-
1,4-dione, produced by the method comprises at least about 80%, at least about 0%, at least

20-



as isopropylacetate, n-heptane, or a mixture of isopropylacetate and n-heptane, is placed on a

chromatography column packed with silica gel. The silica gel can contaj ut 0.1- 5% by
weight of sodﬂézﬁ%ﬂr%lgzﬁn carbonate, such as about 0.5-2% by Weight%gaﬁé%g({%/l%%%% weight of

sodium hydrogen carbonate. The alpha-tocotrienol quinone can be eluted from the silica gel/NaHCO3

with solventboei fiifeast tetse pravid i%oprines abetale Fop rkeh ke KSprayiatatae 4% atios of about

100:1, aboqgaé%t@bg%, ;13%95 ;’Jeqﬁ%@ig@@tglgggfl@ j}k@gﬁﬁ@;\/}e@ﬂﬁﬁjgtion of alpha-tocotrienol
qguinone can be concentrated to give alphatocotrienol quinope of hi urity.,[0066]In another
em bodimeﬁ??ﬁ??@ﬂ@&’&ﬂeﬁadﬁréﬂ%ﬂé@%g' @[éﬁgg{g%?ﬁ‘é’ cg?lgF g ?)T%g-%&’%fr[i’gh% Itlfu]i{ﬁ(ger{éaiz:an be

produced ugitigra single performance of the method, that is, with a single iteration of the steps of the

method. [00gdkn some ambadiments.,as desgribed Fiasre Authe RIGESSR COMPHses the steps of:

4a.) reacting a palm oil extract mixture, comprising at least one non-alpha tocotrienol, with

amino-alky RGAGRGEMEWRIEH RFIPFERENSHTT e BHE S A SRR NBRRb4focols to introduce a functional
group in theg@es 5 andiasti-positiais ot thechneosfmiphe-onaiphddaeotkcnalsdvaicorverting the
products into acid salts; b.). separating the ane or mor -alpha- ienol acid salts of the
products (fr%%s%%igﬁy aac)é rtoeﬁ%l%) %Tﬁl%r-tao%(%tr?éen(g} 0 E?ﬁn %C%at%%%nt%o%%%ﬁg%tg d (?t%%??lon-tocol
compoundsiensingyapey splsenpackedpithyeilice ity thes shieschisre HEHIApHE O ERShbI
functionalized bpmalegues fftam tepdlwih.e reducing agert dy.giyevalphartesatrignol of high purity;

and  4d.) oxidizing.the alpha-tocotrienol from, step.(4c) to give alpha-tocatrienol guinone of high
purity. [0068]11 %ﬁ%tf%e Oglr‘ﬁf%ﬁaldrrﬁ)egﬁ ,{’gfef)n?t%)ri% o#%%é@cﬁ)ytfga%% Lh%%% Cs%peéfk?%cgﬁlﬁlering a solution
of the one chanidie poiNalta: toth s oo loguesnhapthenéstieepy fersttiormdlized. WO

2010/05124,(EG LI Q62252 Fllign.Garoba ResArMed, sing Biatomaceeus eart) such as

CeliteO or an%/ other method of filtration known to the skilled artisan. ,
The recovered solution of alpha-tocotrienol quinone can be concentrated to give alpha-

tocotrienol guinone of high purity.
[0066]  In another embodiment, the foregoing quantities of alpha-tocotrienol or alpha-
tocotrienol quinone can be produced using a single performance of the method, that is, with a
single iteration of the steps of the method.
[6067] In some embodiments, as described in Figure 4, the process cormprises the steps
of:

4a.) reacting a palm oil extract mixture, comprising at least one non-alpha
tocotrienol, with amino-alkylating agents which will react with the one or more non-alpha-
tocols to infroduce a functional group in the free 5 and/or 7 positions of the one or more non-
alpha-tocotrienols and converting the products into acid salts;

4b.)  separating the one or more non-alpha-tocotrienol acid salts of the products
(from step 4a) from the alpha-tocotrienol, optional alpha tocopherol and other non-toco}
compounds that may be present;

4c.)  reducing the one or more non-alpha-tocotrienol functionalized homologues
{from step 4b} with a reducing agent to give alpha-tocotrienol of high purity; and

4d.)  oxidizing the alpha-tocotrieno! from step (4¢) to give alpha-tocotrienol
quinone of high purity.
[0068] In another embodiment, step 4b) is followed by an optional step 4b1) of filtering a

solution of the one or more non-alpha-tocols homologues that have been functionalized.



[0069]In another embodiment, step 4c) is followed by an optional step 4cl1), wherein a solution of the
alpha-toconienol (in a solvent such as toluene) produced by the reduction is mixed with silica gel. The
silica gel is reRi8v&H/ 5} Filtration, and the remaining filtrate is concentraféd 5 giVe &tpRa-tocotrienol of
high purity. [0070]In another embodiment, both steps 4b1) and 4c1) are performed. [0071]In one
embodimerit] thecanvérsioricahaiphaddiotrenet e alfhadoen g qumorntof seeppdd) is carried out

under buffefriﬁrdatggpgtilggmo |n.ong gmhadiment, the buffer and/or base employed during conversion of
alpha-tocotrienol to alpha-tocotrienol quinone of step 4d) is sodium carbonate, sodium hydrogen

carbonate, ¥9E¥8siurP carEshEREPBRABStIFR #dt ST e ITHRRIPROEFh AT bUREF b} any mixture in
any proportigr@ftwoiRrpereeitiadoiagaingehtiters:s[QlERHpadaembodiment;tintraduction of an
aminoalkyl group in.the. free 5.and/ar 7 positions of the. non-alpha tocol homalagues; provides for
increased d?ff’é?er‘ﬁilg 5slclﬁlaj‘l%ﬁllty%f: ﬂ%%%ﬁgg%%ﬁ%ﬁ?ggé éc?ﬁfglé% né%%%gleﬁohrﬁolog"ues coﬁnpared to
non-functiopetizettehipaundetia wresenlng Hektevr - source material, or extract. The increased

differential sgyfility eam,bedifiesentiahsalubilippivaisinglesoheptorinareased differential solubility
between two or more solvents in a mixed solvent s tleHL In one emb d;lm?nt the iptroduction of an
f}/ﬁz]leaa C(% a-tocopirienol .

aminoalkyl JIUP in (RSB %HA78E FHoERSHSD SRRt is accomplished

non-alpha to
without redygcingnths gepideibondsdpresedtittbosttiendloomdownd srmmdlorwitis budgusing
isomerizatiqq pf the. JAguRIe RONdE PEESROL HenRLEATNNRLS. B0RR fINhedimet, the step of

reducing the non-alpha tocol functionalized homologues to produce alpha-tocotrienol is accomplished
without red iR geHE BOUBIE BEHEE ISR O ISR ARSI O RPIALTHES SRS WRRSH ®ausing
isomerizatioR &b delhle-bangshpresettrintacptienot compowpdsiJ0078{invanothef émbodiment,

the amino-aijgl%la&{'gpggf@%rformed with a formaldehyde equivalent, such as paraformaldehyde, and an

amine, such as a secondary amine, such as a cyclic amine selected from 1-methylpiperazine,
piperidine ol#fdipholimend aryerdimenhrERiEaMEAR IHE AANHb AR IS HTRE p&Thed with
paraformaldefiydasasrehd nsratiyipiperazineolinyei-anah e embedimafity the aulinokatoflation is
NN e L e
isopropylacétalte smdny-veptiahecisgplastdignoas W2 010/08327¢ PRI S 0091067 212
be differential solubility in a single solvent, or increased differential solubility between two
or more solvents in a mixed solvent system. In one embodiment, the introduction of an
aminoalkyl group in the free 5 and/or 7 positions of the non-alpha tocol homologues is
accomplished without reducing the double bonds present in tocotrienol compounds and/or
without causing isomerization of the double bonds present in tocotrienol compounds. In one
embodiment, the step of reducing the non-alpha tocol functionalized homologues to produce
alpha-tocotrieno! is accomplished without reducing the double bonds present in focotrienol
compounds and/or without causing isomerization of the double bonds present in tocotrienoi
compounds.
[0073]  In another embodiment, the amino-alkylation is performed with a formaldehyde
equivalent, such as paraformaldehyde, and an amine, such as a secondary amine, such as a
cyclic amine selected from 1-methylpiperazine, piperidine or morpholine. In yet another
embodiment the amino-alkylation is performed with paraformaldehyde and 1-
methyipiperazine. In yet another embodiment, the aminc-alkylation is performed with
paraformaldehyde and morpholine.

[0074] In another embodiment, a solution of alpha-tocotrienol quinone, in a solvent such

as isopropylacetate, n-heptane, or a mixture of isopropylacetate and n-heptane, is placed on a

2.



chromatography column packed with silica gel. The silica gel can contain between about 0.1- 5% by
weight of sodium hydrogen carbonate, such as about 0.5-2% by weigh 9 weight of
sodium hydro‘ﬁé’r?%é’r%b%&te. The alpha-tocotrienol quinone can be elu':g%[rﬁgr%&%ja%%a gel/NaHCO3
with solvents, such as n-heptane, isopropylacetate, or nheptane:isopropylacetate in ratios of about
100:1, abouhit6@t5gapnutoldtmIBckdaidutiicrds Thhsllstevererr soritdptuta ghettdcotrienol
quinone caggps, conceniratad.iongins.cirhalaratianal uinene abhigh Rl J0BEs]Ivany of the

embodiments above, the processes of the invention can yield alpha-tocotrienol of Q%h urity. In some
embodimeris Ve bl eI TIHE Eh GRS 806 15 88608 S It TRAY St BETAES 96806, or in the
range of 90% (0i009B B0 thairarigef 96He{0-BOp88%e. kosameeertitodiments, the purity is in the

range of ahow| 803 (300U 22 310:80 Jp i A0e. elabaut 53,10 APl 9986, Aindhe range of
about 90% 10 about Bb%vﬁ),.or In the range of about 95% to about 99.9%. In some embodiments, the
purity is moFeetrsany 80YsoBIRTOTE AR amI R FBRENGEAT BOIRNGHIGHL thaFe 4™ or more than 92%,
or more thap98%:06mere than®4d:;or more than 95%, or more than 96%, or more than 97%, or
more than 98%, or more than 99%, or more.than 99.5%, or moge than 99.%%9. kgﬁome embodiments,
the purity ii 78313 thrgrrll %‘6835@0"%‘?’%%%&%% Tan a cqpﬁ%%éé%/eos, or rﬁé?‘ée{ﬁlgﬁ abgut 90%, or more than
about 91% aiphrriorettisan abbgh 9294 on [TRore aivBPCHBRE IB9ALGY M dRehaREIE &P 949, or more than
about 95% ggryBaLe; ihan, aheWr 86501 LsTnare thamabaut 8796706 vore. tham akoui 8%, or more than
about 99%, or more than about 99.5%, or mé%%e than, aboEt 99.9%f l@ otlgs& eml%odiments, the

about 10 abo

impurities iff tHeFinaP BrofiA s &8 HER- SRR dR 188 AR ESS), DF 168 than 10%, or less than 5%,
or less tharpd96; o e ssetauae3%utoni 85§% thab @969t e o5 ithian 1294¢ of dbest (HiFht0 BW4itor less than
0.1%. In othgrembodiments.the.impusties ibibestnal produst aimlasadhanhanta0%, or less than

about 15%, or less than about 10%, or less than about 5%, or less than about 4%, or less than about
3%, or lessTREN N2, BITFebatFAR BRI F 0t N ds SHHIGH AU G 59 SIS R about 0.1%. In
other emboglimentsthe: mpuHiiesteansisting @bie dols Bivtocohderivative® inrtherfinianproduct are less
than 5%, legs than 4%, Jess than 396, Iess an 296, I6ss e 496, l6ss Lhan 065394 ofess than 0.1%. In
other embodiments, e impurities consisting of tocols or tocol derivatives in the final product are less
than about 59w lesbodiEnrah dist RITHy lsgBomR Akra BRIt 8960 -|es 8 tali B8 0t 90T 188 Man about 1%, less
than about @,5%r1655:thamaberi-QHda divore msbagdirapat $he ioyventiompravidesssemethod for
large-scale production, enrigg%pent, and/or i%olgxtt' o&a{l{gr}a-%%%% r(i)%pg%?s%%h as %Ja%ntities of material
containing AP RE T B ARSI G ACTdA% S hiams, af Teast 100 grams, at [€ast 250 grams, at least 500

east rams, at leas
WO 2010/054R7 PE THISR0081062215 Granmsoatheasbauki8frammar| 8astdIidgrams! at least 5

kilograms, qf at lgastdQ<ieerams gk AtieashakeukRQaramss # teastabeutul 0RQeMs, at least
about 250 grams, at least about 500 grams, at least abo#%gl %Io&rﬁgg,tegnlggst out 2 kilograms, at
jafiti 8

least about @%I%%%ﬁ’ié?%rﬂﬁnlég@t e S\ RV 81¢ CL U of hatstial Containing
alpha-tocotrien ek tan thavadany psiritpdeMel adsechteddidtein. |f80T63H A Hiay nfaterprocesses for the
production of glphadacatienal grinang deseribed abnve, e alpba teeptijenal diingpe is of high

purity. In some processes, the purity is in the range of 80% to 99%, or in the range of 85% to 99% or in

the range ofl 3B96HEBGbAD BRI tHi%er SR FESSPUSIOHS FJooRt 1 SBATe Y BT th PHLIRSH s more than
80%, or morgitham-8a%an moke thaorIQXhat smorel thasr F:bhor imane tarORY% flommtere than 93%, or
more han 94%. o more \a0,989%, 1L A1E 9601 FRIE VA QTP RIS 98%, or more

than 99%, ormore than 0. Or more than %. In 6ther embodiments, the impurities in the final
product are Tegkpivdrepovdesriass thaesshen 46t lssshHaRA T 0wss BrrTedé tesniBs ! Gr ¥sSs than 4%, or

less than 3%,.q1ls&s,ihan 8% Q14eSs tak dboeress, thamPa¥eolassithan Bcdiodn some
embodiments, the impurities cz{ps%tin oft toc Is‘%r tocbol ggg)v?ti\s/%ls in 1tjr(}gt1;'11;%9!1@){50 gct are less than
5%, or less Tt %ok 28y o 8 PSRRI BITEE AT BF 1285 han 19, of less than 0.5%, or less than
0.1%. In sordewratessesthepurdy.ikin tihe zheye Bf abobusdwrid aFoutlesghanptiptthe range of
about 85% tg aboyt 99%, a1, inHhe, APGR Gk RROH A% 1R aRALI,90%. QEdR fetangs of about 95% to

about 99%. In some processes, the purity is more than about 80%, or more, than about 85%, more
than about %%PBF%&#@’W&?PQB%?%%?’6%%?8%%%%%5%? Yr ST AR ABO)t 93%, or more
than about 945%s-aktatseothan: daeifiSbams o eanel tiiamaat 0t @698 5o pmuraathemt 4Bout 97%, or more
than about 98%, or more than about 99%, or more than about 99.5%, or more than about 99.9%. In
other embodiments, the impurities in the final prodyct are less than about 20%; or less than about
15%, or less than about 10%, or less than about 5%, or less than about 4%, or less than about 3%, or
~ less than about 2%, or less than about 1%, or less than about 0.5%, or less than about 0.1%. In some
embodiments, the impurities consisting of tocols or tocol derivatives in the final product are less than
about 5%, or less than about 4%, or less than about 3%, or less than about 2%, or less than about 1%,
or less than about 0.5%, or less than about 0.1%. [0077]In another embodiment, the invention
comprises a method for oxidizing alpha- tocotrienol to alpha-tocotrienol quinone with minimal

isomerization of the double bonds of the triene moiety. In some embodiments, the alpha-tocotrienol
arnnaonga



a formaldehyde equivalent and at least one amine compound of the formula H-N(R11)(R12), where
R13 and R12 are independently selected from the group consisting of H and C1-C8 alkyl, or where Ru

and Rn are cofbifid@ibgéther with the nitrogen to which they are bondBG ST & fit%e-to-eight
membered heterocyclic ring, said heterocyclic ring having zero, one, or two additional heteroatoms in

additio_n to themitiogean 1&%@@@@&1&::&0@11&&9@& bdamlae_d HOgrapsn any ledsthid Ehoyerembodiments,
the oxmatmo@_&flga!&r[%%ggéﬁit%%%l toalaha tesgiriengl dippne.san be herormedii.cerium (IV)

ammonium nitrate. n-another embodiment, the' quantities of alpha-tocotrienol or
alpha-tocotPheragi b lsasteas bdd persint Keahiy Iute ko Bary Y& RSY herdis &5h Ye produced
using a single-pariermance ofamethodsacitedr herein thatisiwitir singladieration=0f the steps of the
method. BRIEF D% CRIPTION OF THE DRAWINGS [0081]Figure 1 is a flow chart depicting certain
processes PSSO FoUEXNEGbre 2 is a flow chart depicting additional processes of the
invention. [(BS]FigureaByisfaftawretsart the Fietimefariigitiohalpproeedsercbiithienn deritord[0084]Figure 4

is a flow chagt,dlepicting Addiinna) RIRcsSse sl the inventioRMETHQRSHE ARG ARRNING OUT THE
INVENTION [OO85£I’he invention embraces a methad for production, enrj hrg tarjdlohr isolation of
pure alpha GEStRERGFAOM HatliARSE RS tHar d8 %5&%@%&?3‘%&6 %‘Cotl% ?gﬁé’éﬁﬁeeterm "tocols”

refers to tocapherds and d@¢othenols mscdeseribepuneréimore than 80%, or more than 85%,
more than 90% . or more than 91%, or more than 92%, or more than 93%, or more than %4%,
or more than 95%, or more than 96%, or more than 97%, or more than 98%, or more than
99%, or more than 99.5%. or more than 99.9%. In other embodiments, the impurities in the
final product are less than 20%, or less than 15%, or less than 10%, or less than 5%. or less
than 4%, or less than 3%, or less than 2%, or less than 1%, or less than (0.5%, or less than
0.1%. In some embodiments, the impurities consisting of tocols or tocol derivatives in the
final product are less than 5%, or less than 4%, or less than 3%, or iess than 2%, or less than
1%, or less than 0.5%, or less than 0.1%. In some processes, the purity is in the range of
about 80% to about 99%, or in the range of about 85% to about 99% or in the range of about
90% to about 99%, or in the range of about 85% to about 99%. In some processes, the purity
is more than about 80%. or more than about 85%, more than about 9%, or more than about
91%, or more than about 92%, or more than about 93%, or more than about 94%, or more
than about 95%, or more than about 96%, or more than about $7%, or more than about 98%,
or more than about 99%, or more than about 99.5%, or more than about 99.9%. In other
embodiments, the impurities in the final product are less than about 20%, or less than about
13%, or less than about 10%, or less than about 5%, or less than about 4%, or less than about
3%, or less than about 2%, or less than about 1%, or less than about 0.5%, or less than about
0.1%. In some embodiments, the impurities consisting of tocols or tocol derivatives in the
final product are less than about 5%, or less than about 4%, or less than about 3%, or less
than about 2%, or less than about 1%, or less than about 0.5%, or less than about 0.1%.
[00771  In another embodiment, the invention comprises a method for oxidizing alpha-
tocotrienol to alpha-tocotrienol quinone with minimal isomerization of the double bonds of
the triene moiety. In some embodiments, the alpha-tocotrienol quinone, 2-((6E,10E)-3R-
hydroxy-3,7,11,15-tetramethylhexadeca-6,10, 14-trienyl)-3.5 6-trimethylcyciohexa-2,5-diene-
1,4-dione, produced by the method comprises at least about 80%, at least about 90%, at least
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[0087]The term "non-tocols" refers to phytonutrients or organic materials that may be present in the
extract, but are not tocopherols or tocotrienols. [0088]The ten' "amino-alkylation," alsg known as the
Mannich reacith2I¥4Yeéaction that effects amino-alkyl addition. The reggTéﬁs%(gﬁ/ $&Ebnducted from
at about room temperature up to about 140C for a sufficient length of time to effectuate
amino-alkyktian9 Fhet tagehtsiriscess drstaiecnt §6tirce lodformul d8 Ry ddqast ibpriaffehside equivalent”)

and an amipe Any, psimary o secondancaming dcuding Amines sugh.as cyclic and aromatic WO
2010/051277PCT/US2009/062212 amines, alkyl amines, and polyamines, as well as arpmonia, can be

used. Partié%ﬁé%%mﬂé‘?fff%P[é%TériS‘i‘ﬁ%éé’gféi‘BPﬁlﬂPiWﬁmﬁ’éﬁ'aéfgbeﬁﬁ")wr HfEiiAethyl amine,

diethyl amingsseifpropyl amine, 1-methylpiperazine, N,N,N-trimethylethylenediamine, piperidine,

pyrolidine ggnorhioline, SeuicesALiRImaenylled g Jomakiapyde spubalpaishinglude, but are
yde

not limited afoimalde , formaline, tormaldehyde gas, trioxane and hexamethylenetetramine.

The relatives foRaldsbseepPAROMOThE Torre emise ey ervarke Bnfrirela il ark idintained in
equimolar agpernts, butitharelalie cerceniaigsmay:hevarietasioagramthereisileast one mole
of amine and at least one mole of formaldehyde for every mole of free aromatic ition on the
tocotrienols?ra‘ﬁlafrff%?eaéigrﬁ,l%aﬁ%/cgfﬁ%}rn %o%%beﬁ slttha? vrélltﬁor%gé v“&%ﬁ%f?ée}ioaf%{é?ﬁgﬁ)}ge and amine
reagents. Efthertfiecammghomformeidtiptisrieyebepanent hetsydsechresEmanzaramonntf from about 1

to about 20,moles;per.mele-offree;aramaticipasitionen tecetrianal, aack if KEeseataany other
compounds that will react with the formaldehyde and amine rea %%t , partic Iarla\_{ '%1&9 molar amount of

] S
at least abo®7Slr tinfeeyrlhs TR THRAEE Ao HintE BESHiSh "f?)%%ﬁ?gﬁtiotfprgsent, and, if present,
any other cesapdundsihabuilrbaptWithdth e fibreaddeiyderamdnaminarrgagents. This process could
also be accaggyshed: sienntise Ok cXAMAIGRX IRV AURRIRIRNGE By ipricilyesaipination, or by

pre-formati he "Mannich" reagent-the alkyliminium or functional equivalent intermediate.

[0089] The staitiTg fasabrsl herainmxary (SeerenbBitedrssebaddierrisy Arbe sErbiaiy Wniprise alpha
tocopherol igameurtsiaaienay Mary depentiegianibe sautce oidrataxtiact Natueallpfproduced
alpha-tocotrti}?nol %ng optional alpha tocopherol are separated from the beta, gamma, and
delta-tocotrighdf ehoom'ologues of alpha-tocotrienol, by reacting the mbiture of tocotienols and optional
alpha tocopherol with an appropriate reagent or reagents to introduce a functional group at the free 5

and/or? positions of the non-alphastesstiengsi6Rrexamplerihw starging material can be
amino-alkylated to introduce _am'no-aél%l?1 dt%[ougs on the beta, gamma,.and delta-tocotrienols. As
i C ' C

( ] te
alpha-tocotheRHH doet BEE Ay 8 R EH R SH ARy SRt LB HE S Bissent in the mixture will
not be aminatkylatedgFhe amihovalkeytatadegngugdivtiabtiowethes séparationiofthe amino-alkylated

beta, gammgygag( degta:tcotriengls amalphastesatisnolirba tpeaphstakand other non-tocol
phytonutrients that may be present. The separation will be accomplished by partitioning between

different org@RB4LoIvEHC A HONYSERAT BrigHE BToRtS RNeH 58 HeMaREs dhtanes, pentanes,

petroleum ether, or mixtures thereof, can be used to take up the alpha tocopherol, alphatocotrienol

and other phytonutrients or {vdsocaibap;ipyitiescd g 3ine iatgg products, optionally having
been converted to an acid salt, can be partitioned in an acidic WO 2010/051277PCT/US2009/062212

organic layelt888h asTaedrupmine CormSASHECIBPI RERIHE U StHEM B RS RT gIMmETinvention, the
partitioning ¢an bpmedermedizaiwesn aneiganiadeyehane anajueatisidyer. Alternatively, the
products frofg lyg amino-alkylation can be remaved b, i stoemelyalnga e tatra alkyl ammonium
salt, followe eductiVe deamination Under basic conditions (see for example Maeda, Y. et al., ./OC
(1994) 59, 78987790 [TrarierMaparrtacEs  etials CRbNCDBSHs(R006) E5raPg Dyt may be

present in the extract, but are not tocopherols or tocotrienols.

[0088]  The term "amino-alkylation,” also known as the Mannich reaction, is a reaction

that effects amino-alkyl addition. The reaction can be conducted from at about room

temperature up to about 140°C for a sufficient length of time to effectuate amino-alkylation.

The reagents necessary are a source of formaldehyde (a “formaldehyde equivalent”) and an

amine. Any primary or secondary amine, including amines such as cyclic and aromatic
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[0090]By the term "reducing agent" is contemplated hydrides such as lithium aluminum hydride,
sodium borohyciride, and sodium cyano borohydride, borane complexes and electron donors such as
sodium, lithiuMOAYPR3TAm, potassium, zinc, nickel, or amalgams ther86F I HE B¥Ed&nce of a
suitable proton source such as ammonium salts or carboxylic acids. [0091]The phrase "impurities
consisting efiiaenldion indaidenivadivesiinethe fiellaprotuotiaeferbetosbbtBatbodtrexrnples

gamma-tocatieng), delia:tacorsnsl.AlahatocaRneal e R RGRRLAIAL SRIMarigEopherol, or

delta-tocop%ero eference to "impurities” in the final product, without further specification, can refer
to beta-tocSireny| aginregetrrFRing N D cBirehslchr e ibeEph E8F 686 - tocopherol,
gamma-tocophgishe deliartasapherdoane/or pifierrantace), immaitiesdtraneembodiment, solvents
which can be readily removed by evaporatio e not considered as i rLies.. termining the
percentagenb(‘f{‘fﬁ?gﬂ%tlaé%nﬁfelsnélﬁ 4 605 nél%(g?hor?é%?é%(g eéf(%rgllge%é %%%%ﬁ%ﬁ\gnﬁggﬁl c?ihydroquinone
(benzenedibt)yfortdéttteteonnpodindscHisiionder seretnuariorai din fmrerdshi tad Vit tappropriate
reagents. THe giingne gambediaaied dpabiRhasicmixiure.of anietherealaalvenhyyite a basic
aqueous solution of Na25204 ,(Voi)el, A.l et al. %“?‘élells TextlbO(%k of PTctﬁgl Oati%%a}lnié;FChemistry, 5th
Edition, Prefifiee 1P as Vo 1686 S daaiS 9 B 1% LM SRE S REAGitioh T the Hydroquinone”).
Standard woskasprintbie alfsencencftoxygeivyields: theottzsirsdahydigaeimdriey PHeTydroquinone form

can be oxidized tg the, quinene formnithygXidizing.RARNLS.SHCR ASRENS BN MORI Aitrate (CAN) o

ferric chloride. The guinone and hydroquinone forms are also readily interconverted electrochemically,

as is well kiemAldebEE SPTPSBENtENgY "SRR 8 BRI TR L He R ARBER IRY S88 tion to Organic
Chemistry, NewoY a6k sMacmiliasiiit0 ¢6 1{0R03]Besal sbpreastianyoftatphartosoghdérswith cerium (V)
ammonium nitrate generates nitric acid, the oxidatio rriedout ioder buffered conditions.
This can ber%ac‘ff:3%%%5Egg%%i?lﬁ%%%égdggﬁ?d?ﬁ‘%%%bgﬁ%%} %%/((j;%rgn?%drogen carbonate, other
carbonates sheehfos foesErata ceabaisdtecoF PorisBRIFORy QRdgeritieam Brfatat Bibdbhate buffers, other

buffers, or mixiuresQf-any depetiaoiaof the-foregeaing Rufieisinanypiepariogeduringthe WO
2010/051277PCT/US2009/062212 ?x%%tion. Remfoval of E}(e:i %Jrin xid@%g@ggguces isomerization

of the doubREBEHESTH e Bt MBIS LER HIsH0

ol the t6eotriehor and Yoco |enoflq(t)1|_nqne. Buffered conditions
can also bermdairitainathadiming Wopkefoofihenatptha-thlsotidrioteasiioriec AeERAMBTIEYyY mixing a

percentage ﬁggﬁgﬁ%%%tg%n%@rﬁmgjum hydrogen carbonate with silica gel prior to placing the
alpha-tocotrienol on the silica gel for elution, [0094]When silica gel is used in the \{vorkup, the grade of

silica gel ustAn bd BAARTRSPHIFSThH PR BTERrHANY S RO MAtSEPaBRY E8r example, silica gel
of about 60A-pgERsizghuithoptpenticlerdistribiitiomgfabolapdidiogss hicromsecdthbextiseld. It can be

used as is oI, iSRRIk WIRoULIENELAFRHON. Bh FRRRRAGINEEHRXAFRNNGIN air or an

oxygen-containing mosphe e. . . .
beta, gamma, and delta-tocotrienol homojogues of alpha-tocotrienol, by reacting the mixture
of tocotrienols and optional alpha tocopherol with an appropriate reagent or reagents to
introduce a functional group at the free 5 and/or 7 positions of the non-alpha-tocotrienols.
For example, the starting material can be amino-alkylated to introduce amino-atkylated
groups on the beta, gamma, and delta-tocotrienols. As alpha-tocotrienol does not have a free
ring position, any alpha-tocotrienol present in the mixture will not be amino-alkylated. The
amine-alkylated groups will allow the separation of the amino-alkylated beta, gamma, and
delta-tocotrienols from alpha-tocotriencl, alpha tocopherol and other non-tocol phytonutrients
that may be present, The separation will be accomplished by partitioning between different
organic solvents. Any non-polar organic solvents such as hexanes, heptanes, pentanes,
petroleum ether, or mixtures thereof, can be used to take up the alpha tocopherol, alpha-

tocotrienol and other phytonutrients or hydrocarbon impurities. The amino-alkylated

products, optionally having been converted to an acid sait, can be partitioned in an acidic
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[0095]This invention is further illustrated by the following example of a preferred embodiment thereof.
This example is included merely for purposes of illustration and is not intended to limit the scope of the
invention. EXRQBE&EHeral Procedures [0096]All solvents and reagehtd k&8 €&t s obtained from
their respective suppliers except as noted. 1H and 13C NMR were obtained on a Varian Ultrashielded
magnet at 400Ntz andch0s Attn nespectivilip gfdeiteride dnsolybatstakodntert. Ahspectra are

referenced i bpim o eliferhle esigual salvenbagals aedlelinetlo GotlieRkb /il ). Org
Chem. 199]}1, , (512-7515, or TMS at 0.00 ppm. WO 2010/051277PCT/US2009/062212

EXPERIMENFRES SYetfclRRafs fiethrtisine-REYRIE (b ame s AS e 1B8 97158 ocominfm-50
(1.0 wt,) was added parafermaldehyde (O8why B0 andhrdietnipiperarzite (Shdwol. The

Suspension e SLed 2SO ErIper e (9L A AR P LRI 31 i fhe solution vas

0
le. .
heated at 1 ARG mdtitored for conversm(n of starting material co ponents to product components.

The mixturdavas (KB 0361 dH0C, diluted with acetonitrile (3.5 mL/g) and heptane (3 5 mL/g), and

then cooled§gopf". ang treatad drapwise with formisagittliOaviabs ke dattpmmacetonittile layer was

separated and extracted with heptane (2 x 3.5 mL/g). The acetonitrile layer was diluted with mrt-butyl
methyl ethe%}y(glﬂqungﬁ&»caB]ang[% Sﬂ%& c%orolﬂ dr% %orane c?rx XeS a:hg e:lII t y

A agliests ribadid BStASsIum phosphate solution (7
mL/g) was ddstessdebpyiséiyextithierm mygmas@cpk‘@@@meztmnlpekalwﬂeab@mvm%@wﬁé organic layer
was separa{s%dp%tsgggergftg mRrRArSashed withssauatechaqguequs sadiuprghaloride solution (23.1%

w/w; 3 mL/g), and solvents were removed by distillation at up to 50C under vacuum. T
concentrateg@@éiuti oﬁ%&?&ﬁdé@%‘lﬂ%ﬁ@n%ﬁﬂg of focols or toe:oi derivatives in the final o the

product” refers to beta-tocotrienol, gamma-tocotrienol, delta-tocotrienol, alpha-tocopherol,
beta-tocopherol, gamma-tocophercl, or delta-tocopherol. Reference to “impurities” in the
final product, without further specification, can refer to beta-tocotrienoi, gamma-tocotrienol,
delta-tocotrienol, alpha-tocopherol, beta-tocopherol, gamma-tocopherol, deita-tocopherol,
and/or other non-tocol impurities. In one embodiment, solvents which can be readily
removed by evaporation are not considered as impurities when determining the percentage of
impurities present.

[6092] The guinone (cyclohexadienedione) form and dihydroquinone (benzenediol) form
of the compounds disclosed herein are readily interconverted with appropriate reagents. The
quinone can be treated in a biphasic mixture of an cthereal solvent with a basic aqueous
solution of Na,S;04 (Vogel, AL et al. Vogel's Textbook of Practical Organic Chemistry, 3
Edition, Prentice Hall: New York, 1996; Section 9.6.14 Quinones, “Reduction to the
Hydroquinone™). Standard workup in the absence of oxygen yields the desired
hydroquinone. The hydroquinene form can be oxidized to the quinone form with oxidizing
agents such as ceric ammonium nitrate (CAN) or ferric chioride. The quinone and
hydroguinone forms are also readily interconverted electrochemically, as is well known in the
art. See, e.g., Section 33.4 of Streitweiser & Heathcock, Introduction to Organic Chemistry,
New York; Macmillan, 1976,

[6093] Because reaction of alpha-tocopherol with cerfum (IV) ammonium nitrate
generates nitric acid, the oxidation can be carried out under buffered conditions. This can be
accomplished by including sodium carbonate, sodium hydrogen carbonate, other carbonates
such as potassium carbonate or potassium hydrogen carbonate, phosphate buffers, other

buffers, or mixtures of any two or more of the foregoing buffers in any proportion, during the
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(5 mL/g). Solvent (5 mL/g) was removed by distillation at up to 50C under vacuum. To the solution was
added additional toluene $5 mL/g). Solvent (5 mL/g) was removed by distillation at uzp to 50C under
vacuum. The FESA-WAS diluted with toluene (1.5 mL/g) and filtered thFcﬁTéW%?‘f%{’g ot’Celite T™M
packed from a suspension in toluene. The Cel nen., cake was washed with toluene (1 mL/g). All
filtrates wereicarobinkehFabofeattibningassdyiai wasdetenmiedob i dssdorbiryimgsanalysis of an
aliquot of the.reactign MiXELR. Lhe SoMEREYeH-FRMAKRA DYEHBLIAIQR AR (950G mnder vacuum.

The concentrated solution of product aminomethylated tocols was used, as is, .in Step 2. Step 2-
Reduction. 4510t 81682 v oteat/ s Iebuiers e AU ST SBL StAMRL: BYHRXAEE indicated, all
relative weigHitdindyanith volidraesiomiue) S quivalehisrinSteptdane withstkspedipitothe loss on drying
figure determined at the end of Stage I. [0099]Tothe residue prepared in Step 1 was added toluene (8
vol). A solvé%‘f ]3% %%18%%%%%*8 L??I%ﬁ éFrllJ grlﬁaé 63%%%}%%‘%3.0 vol) was then prepared by distillation at
up to 50C UAB¥Hvaclithen wiligs el dstiopd BB fretphtal FrUor s seat fArdfaheBbrShydride (0.43
wt) was adgeddnmeihyipuianeliZ el ahieempiemperattfgld Reisuspensionnses siteed at room
temperature_ for 38 mM .T .tft1_ebn heat dl?to 1 5tC3To. this preq)eateg r?ti%gur was, aéj%ed over 1.5 h the
previously SHEpAIEd BARGA B aMothathyIated goc%llcér?ﬁssﬁ?%eﬁwlﬁ%manofl% Volij followed by an
additional rinse G 3uppditnyibttan b0 acsiyatithe anixture agistise atckk atinkAs @ramdmonitored for
conversion gf starting matekial&prepronents to product components. [0101]The mixture was cooled to
50C, diluted with heptane (5 vol), then copled to 0C, and treated with 45% w/w. aqueous tribasic
potassium pHEEBhatd SIHEH 1B 16 VN LBHaINRY adM8itTesHT S8 a8 B HSAHtAin a temperature
below 25C.chhedivespHaseinikilirewadstintethatd oomitdmperature dOil 1 2shp the oxamict layer was
separated, %%%Qgcgtg\ﬁgiﬁg%ygé\gqu%eﬁggng&gsic potassium phosphate solution (3 vol), and
concentrated by distillation at up to 50C under vacuum. To the residue was added toluene (7 vol). The
resulting solution was added to a mixture of silica gel (2 wt) and toluene (5.5vol) with an additional
rinse of toluene (2 vol). The silica gel suspengimmwasstirred at room temperature for 1 h. The silica
gel was removed by filtration and washed with toluene (2 x 5 vol). The combined filtrates were
concentrated by distillation @&up to 50C under vacuum. The re¥fdée solution was cooled to 30C and

transferred to a rotoevaporatgiowith tolug 1.4 val) gnd {uthergvap Sp by
distillation afogtei66C JAHELYASTEM to divelaiphatoce ﬁe%ﬁN%R 4 CDC13) =5.17-5.05
(m, 3H), 4.16 (s, 1H), 2.61 (t, HO deohol O

Optional Step 3
B e
CAN Cxidation

General Procedures

[0096] ATl solvents and reagents were used as obtained from their respective suppliers
except as noted, "H and PC NMR were obtained on a Varian Ultrashielded magnet at 400
MHz and 100 MHz respectively in deuterated solvents as noted. All spectra are referenced in
ppm to either their residual solvent peak, as defined in Gottlieb, H. E. et al.; J. Org. Chem.
1997, 62, 7512-7515, or TMS at {.00 ppm.



J=6.8 Hz,2H), 2.16-2.01 (m, 6H), 2.16 (s. 3H), 2.12 (s, 3H), 2.11 (s, 3H), 2.01-1.93 (m, 4H),1.87-1.73
(m, 2H), 1.68-1.49 (in, 2H), 1.68 (s, 3H). 1.60 (s, 6H), 1.58 (s, 3H), 1.25 (s. 3H). Step 3-Chroman to
Quinone Oxid&tbHIBHE WO 2010/051277PCT/US2009/062212 [0102]148E*iME8E Btherwise
indicated, all relative weight (wt) and volume (mL/g) equivalents in Step 3 are with respect to the mass
. of this stage's starting material, the produ¢tdERIpENEdHR-tocouienol. [0103]The residue of Step 2
was dissolved in isopropyl acetate (10 vol), water (0.5 vol) was added, and the mixture was cooled to
OC. A solution of cerium (IV) ammonium nitrate (2.74 wt) in water (3 vol) was prepared at room
temperaturétéﬁd‘%ﬁﬁf@f%hd Htlition of saturated aqueous sodium carbonate solution (17.4% wi/w;
0.75 vol). The buffered cerium (IV) am bnl im nétr e solut|n was added over 30 mm to the prepared
mixture of alpha-tocotrienol from step 2 "'l Rropye &
temperature at 0C. The mixture was sfifethg#8C-and monttored for conversion of starting material
components to product components. The orpanic Iayer was separated and treated for 2 h with a slurry
of solid sodium hydrogen carbonate (2 wWe'and solid sodium sulfate (2 wt) in isopropylacetate (5 vol).
The suspension was filtered, the solids washed with isgpropylacetate (1.5 vol), and the combined
filtrates treated with sodium hydrogen c%"r‘ﬁbngtg" B! gﬁf{% The suspension was concentrated to a
maximum e while Maiotairihgoan. ag»tab}esrxdaneuhfjodmﬁdiatjda @tapwto UBE arder vacuum. The
residue wag %&&%&8 %%a@‘% %Hteﬂlmﬁé}gﬁ%@%@& (YA} ACRIAIRArARAY felumn of silica gel

(5 wt) and sodiu en carbonate wt) was prepared from a slurry’in n-heptane. The mixture

was eluted Wﬁﬁ@l@ﬁf’d gréphy- CFSIPGr’rﬂ%“&ﬁH Tidrtheradatd doviithnmreaiiesea or
n- heptane/us@pmﬁyfa@ei@teﬂglIfe{aﬁmeaﬁhmwga&l@so@&cw@[@@nﬁt&hemelﬂag&@e wracticlas were

collected, trea,tq U&s&x ﬁ dl&lll‘%;l% drt%g;ee@ga} nat%flca 0 31%1 elua nd acpglyzed for
a

product conf) purl ccep fractions w e com |ned frea e dltlonal Solid sodium
hydrogen cérﬁoﬁﬁ@%@@@%ﬁwiwdféﬁ%@mmd1t8 tohhakimnticaxeesionitile layairivaining an agitable

mixture by distilationotselveatatiuriadoe w@eﬁnf@pm alseRienyiacatatg (hiedwal.) was added

and the mixtur passe a045tolu |It filtrate was ev, porated to dryness by
Cistlation of SOVENEETp AL B OET G e the DRABLE SRR AAHB umon

'H-NMR (4Q0Mitz:Capei)s 35 26w brdnd émmzsezﬁpt&mcﬁ @Otdkery Tebbimettd)e2.53-2.46 (m,

2H), 2.25-2, 10, {0 &) R 105 20N 48y $5)sdpk kS a3 Wb Rk Lk kDG Ghn i FribhZoadiihed - 71-1.70 (br d,
J=.1Hz, 3H, 1.68 (5. 611), 1.62 (5. 311) 1.57 (s, 311), 1.54-1.47 (m, 2H), 1.47-1.40 (ddd, J=8,6,1Hz,

2H), 1.10 (SHEHFUOE ARV 51 GoET 279D EP R ISR 1390 TOAPTFENisclosures of all

publicationsiipateiis apatenfEpplickiioas:and Publishedentrated solution was added toluene

{5 mL/g). Solvent (5 ml/g) was removed by distillation at up to 50°C under vacuum. To the

solufion was added additional toluene (5 ml./g). Solvent (5 mL/g) was removed by
distillation at up to 50°C under vacvum. The residue was diluted with toluene (1.5 mL/g) and
filtered through a pad of Celite™ packed from a suspension in toluene. The Celite™ cake
was washed with toluene (1 mL/g). Al filtrates were combined. The reaction mass yield
was determined by loss-on-drying analysis of an aliquot of the reaction mixture. The
solvents were removed by distillation at up to 50°C under vacuum. The concentrated

solution of product aminomethylated tocols was used, as 1s, in Step 2.

Step 2- Reduction,




patent applications referred to herein by an identifying citation are hereby incorporated herein by
reference in their entirety. [0105]Although the foregoing invention has been described in some detail
by way of illustf2tf8H4d"@xample for purposes of clarity of understandif§HUEUHP%RAt to those
skilled in the art that certain minor changes and modifications will be practiced. Therefore, the
description [#8#8¢xampleswshoeeidhaotibeiocbrstdiel ahlimitvugeihescopbvofuthe mlégition. CLAIMS

What is claimad is; R L ARFOCEs Al RELrasiietion Srnchment.apdionisokation. ofdzalpha- tocotrienol

from a plant extract that comprises at least one non-alpha tocotrienol and that optionally comprises
alpha-tocop?ﬁ%lland optionally comprises other tocols, non-tocols and/or organic impurities,
comprising {#@stepsioftlapgactigpthel pledhitextractddtt silitabl redigentemdrickkeaciewith 10 the
one or more, nonapNa:ogols, 8 nifeduce 3 (DRiR0RL AR R B fise,r Auir s gosition of the one
or more non-alpha-tocols, wherein said functional gro p?s an aminoalkyl; Ib.)separating the one or
more non-alpfe-teesis athddisi el 3-tthidhisaztized in step (1 a) from the alpha-tocotrienol and

optional alpipaghptocaphenalancketbakrantecolicampesndsdhatieayiba-presgrtijagoptionally further

separating E‘an?' ltgrggé}gt%%r i%g ls*]‘zrs]pgggigpli%a(ita%rsetirred at room temperature for 3¢ min, and then
heated to 125 °C. To this preheated mixture was added over 1.5 h the previously prepared
solution of aminomethylated tocols in 3~-methylbutanol (3.0 vol) followed by an additional
rinse of 3-methylbutanol (0.5 vol). The mixture was heated at 125°C and monitored for
conversion of starting material components to product components.
{61611 The mixture was cooled to 50°C, diluted with heptane (5 vol). then cooled to 0°C,
and treated with 45% w/w aqueous tribasic potassium phosphate solution (5.0 vol)
(exothermic, gas evolution) so as to maintain a temperature below 25°C. The two-phase
mixture was stirred at room temperature for 2 h, the organic layer was separated, washed with
45% wiw aqueous tribasic potassium phosphate solution (3 vol), and concentrated by
distiliation at up to 50°C under vacuum, To the residue was added toluene (7 vol). The
resulting solution was added to a mixture of silica gel (2 wt) and toluene {5.5vol) with an
additional rinse of toluene (2 vol). The silica gel suspension was stirred at room temperature
for 1 h. The silica gel was removed by filtratior and washed with toluene (2 x 5 vol). The
combined fiftrates were concentrated by distillation at up to 50°C under vacuum. The residue
solution was cooled to 30°C and transferred to a rotoevaporator with toluene (2 x 1.4 vol) and
further evaporated to dryness by distillation at up to 60°C under vacuum to give alpha-
tocotrienol. "H-NMR (400MHz, CDCl3) =5.17-5.05 (m, 3H), 4.16 (s, 1H), 2.61 (4,
J=6.8 Hz,2H), 2.16-2.01 (m, 6H), 2.16 (s, 3H), 2.12 {5, 3H), 2.11 (s, 3H), 2.01-1.93 (m,
4H),1.87-1.73 (m, 2H), 1.68-1.49 (m, 2H), 1.68 (s, 3H), 1.60 (s, 6H), 1.58 (s, 3H), 1.25 (s,
3H).

Step 3-Chroman to Quinone Oxidation.
O
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separated in step (Ib), from the optional alpha tocopherol and from optional other non-tocols;
Id.)chemically reacting the separated one or more non-alpha-tocols 20that have been finictionalized
from step (Ib) Wﬂﬁ(’d(}‘gﬂﬁang agent to give alpha- tocotrienol; and Ie.)oﬁ%‘éﬁﬁw’@@ﬁ%}ﬁing the
alpha-tocotrienol from step (1c) with the alpha-tocotrienol from step (1d) to give alpha-tocotrienol.
252.The proEHEs of Clairnuh]aaseheinithenglenitdifackis selegtedWromdaypame aillégiract, a palm fruit

extract, a rigg, X{IAeti Adigeshian RGP AL EXYAs aReNaa e XAt fiiire thereof

3. The process of Claim 2, wherein the plant extract is a palm oil extract. 30 4. The process of
Claim 2, wiErRfR the PRARTSATEEPs TocominO 5. The process of Claim 1, where the reaction in step
(la) iso-alkyjatiex followedsnacidifipations dsbhe phocess pf Glaiar 5] Wwhérevthe gndincbalkylation is

performed \w}xpadded, and the mixture was cooled to 0°C. A solution of certum (V) ammonium nitrate
{2.74 wt) in water (3 vol) was prepared at room temperature and buffered by addition of
saturated aqueous sodium carbonate solution (17.4% w/w; .75 vol). The buffered cerium
(IV) ammonium nitrate solution was added over 30 min to the prepared mixture of
alpha-tocotrienol from step 2 in isopropylacetate and water while maintaining the
terperature at 0°C. The mixture was stirred at 0°C and monitored for conversion of starting
material components to product components. The organic layer was separated and treated for
2 h with a shurry of solid sodium hydrogen carbonate (2 wt) and solid sodium sulfate {2 wi} in
isopropylacetate (5 vol). The suspension was filtered, the solids washed with
isopropylacetate (1.5 vol), and the combined filtrates treated with sedium hydrogen carbonate
(2 x 0.05 wt). The suspension was concentrated to a maximum extent while maintaining an
agitable mixture by distillation at up to 45°C under vacuum. The residue was cooled to 30°C
and diluted with n-heptane (10 vol). A chromatography column of silica gel (5 wt) and
sodium hydrogen carbonate (0.05 wt) was prepared from a slurry in n-heptane. The mixture
was eluted on the chromatography column and further eluted with mixtures of
n-heptane/isopropylacetate in relative volume-ratios of 100:5 and then 100:10. Fractions
were collected, treated with solid sodium hydrogen carbonate (ca. 0.1 to 1g/L. eluent), and
analyzed for product content and purity. Acceptabie fractions were combined, treated with
additional solid sodium hydrogen carbonate {0.05 wt), and concentrated to a maximum extent
while maintaining an agitable mixture by distillation of solvent at up to 45°C under vacuum.
Isopropylacetate (1 to 3 vol) was added and the mixture passed through a 0.45 to 1 um filter.
The filtrate was evaporated to dryness by distillation of solvent at up to 40°C under vacuum
to give the product, alpha-tocotrienol quinone. 'H-NMR {400MHz, CsDg)
5.37-5.28 (t br m, J=THz, 2H), 5.28-5.20 (t br m, J=0Hz, 1H). 2.53-2.46 (m, 2H), 2.25-2.15
(m, 6H), 2.15-2.07 {m, 4H) 1.91 (s, 3H), 1.73-1.71 (br d, J=1 Hz, 3H), 1.71-1.70 (br 4,
J=1Hz, 3H, 1.68 (s, 6H), 1.62 (s, 3H), 1.57 (s, 3H), 1.54-1.47 (m, 2H), 1.47-1.40 (ddd,
J=8,6.1Hz, 2H), 1.10 (s, 3H), 1.00 (s, 1H).
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paraformaldehyde and a cyclic amine selected from 1-methylpiperazine, piperidine or morpholine.
57.The process of Claim 5, where the amino-alkylation is performed wit hyde and
1-methylpiper‘ggﬁ%l%.wgprocess of Claim 1, where the reducing agen @ﬁ%{%ﬁgﬁgagent, a borane
complex, or an electron donor in the presence of a suitable proton source. 10 9.The process of Claim
8, where tH8¥Hucinbragisalosuss afupkh Rupaire oA 8ate 0 THAIGHEEE S8 DPIERMEA. for the
production geprichmenatiandigrisalation.af hodralphastaseirensiramaplasipxtiratisaich is palm oil,
which comprises at least one non-alpha tocotrienol and that optionally comprises alpha-tocopherol and
optionally OSBRSS dHEFHSESHE "hon-tocols and/or organic impurities, comprising the steps of:

2a.) reacting 16 extrsichwvigh therfimesalky fatiergiemeatseardicherdad invitme Gethid oneagomore
non-alpha-tagglsdonintroduss @ funstional greupiin dhefiea s and/Rishpasitien afdhe one or more

non-alpha tocotrienols and converting the products intg acid salts; )
skilled in the art that certain minor changes and modifications wil} be practiced. Therefore,

the description and examples should not be construed as limiting the scope of the invention.



2b.) separating the one or more non-alpha-tocotrienol acid salts of the products in step (2a) from the
alpha-tocotrienol, the optional alpha tocopherol and 25the other optional non-tocol compounds that
may be present; and 2c.) reducing the one or more functionalized non-alpha-tocotrienols with a
reducing agent to give alpha-tocotrienol. 11.The process of Claim 10, wherein the extract from palm oil
is Tocomin S. 30 12.The process of Claim 10, wigrairmisge amino-alkylation is performed with
parafoimaldehyde and a cyclic amine selected from 1-methylpiperazine, piperidine or morpholine.
3513.The process of Claim 10, where the amino-alkylation is performed with paraforrnaldehyde and |

-methylpiperazigg, .14 .Ihearesess of Claim 10, where the reducing agent is a hydride reagent, a
borgne complex, or an electron donor in the presence of a suitable proton source. 15. The process of
Claim 14, where the reducing agent is sodium cyano 5borohydride. 16. The process of Claim 10,

comprisingsan additionalstepvhareis thssalpivatesaitienehianysiep(@is fecaytesd. 1017.The
process of Claim 1, additionally comprising an additional last ste .

tocotrienol from a plant extract that comprises at least one non-alpha tocotrienol

and that optionally comprises alpha-tocopherol and optionally comprises other

tocols, non-tocols and/or organic impurities, comprising the steps of:

la) reacting the plant extract with suitable reagents which react with

10 the one or more non-alpha-tocols to introduce a functional group in the free 5
and/or 7 position of the one or more non-alpha-tocols, wherein said ﬁmctiénal
group is an aminoalkyl;

Ib.)  separating the one or more non-alpha-tocols that have been
functionalized in step (1a) from the alpha-tocotrienol and optional alpha

15 tocopherol and other non-tocol compounds that may be present;

Ic) optionally further separating the alpha-tocotrienol in the mixture
separated in step (1b), from the optional alpha tocopherol and from optional other
non-tocols;

1d.)  chemically reacting the separated one or more non-alpha-tocols

20  that have been functionalized from step (1b) with a reducing agent to give alpha-
tocotrienol; and

le.)  optionally combining the alpha-tocotrienol from step (1c) with the

alpha-tocotrienol from step (1d) to give alphawtocotrienol.

25 2 The process of Claim 1, wherein the plant extract is selected from a palm
oil extract, 2 palm fruit extract, a rice extract, a rice bran extract, a barley extract,

an annatto extract, or a mixture thereof,

(8]

The process of Claim 2, wherein the plant extract is 2 palm oil extract.
30

4. The process of Claim 2, wherein the plant extract is Tocomin®.

5. The process of Claim 1, where the reaction in step (1a) is amino-alkylation

followed by acidification.
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wherein the alpha-tocotrienol (from steps Id and/or le) is oxidized to alphatocotrienol quinone. 18. The
process of Claim 10, additionally comprising an additional last step 15wherein the alpha-tocotrienol
(from step 2c) is oxidized to alpha-tocotrienol quinone. 19. The process of Claim 1, additionally
comprising a step Ib1) after step Ib), wherein a solution of the functionalized non-alpha-tocols is
filtered. 20 20. Fhe proaessakGlainCkOmat ditienatle comprisligl atiste s 2etfpafted stéh 2b), wherein a
solution of the functionalizecl non-alpha-tocols is filtered, 21. The p ss of Claim 17, additionall
comprising a s%aliﬂrwﬁlré%'g eepaﬁ I )(fyv?/ hefein & Sofu |%dn O?I{hg'ﬁlj%{gﬁclg%gﬁrz%zén ﬁ’on-alpha-tocols isy
filtered. 22. TheipsodessoohGlpimnilg;. additionally comprising a step 261) after step 2b), wherein a
solution of the fmictionalized non-alpha-tocols is filtered. 3023.The process of Claim 1, additionally

comprisingsa step L1y aficr siep diharcin ALIARAT N AR OGaiianchRraguced by the

DS s
reduction i8 mixéd with silica gel, tollowed by removal of the silica gel by filtration. 24.The process of
Claim 10, additienalyrcaddyysmgrd stepcthol)ipfreristep :
8. The process of Claim 1, where the reducing agent is a hydride reagent, a

borane complex, or an electron donor in the presence of a suitable proton source.

10
9. The process of Claim 8, where the reducing agent is sodium cyano

borohvdride.

10.  The process of claim 1 for the production, enrichment and/or isolation of
15  d-alpha-tocotrienol from a plant extract which is palm oil, which comprises at
least one non-alpha tocotrienol and that optionally comprises alpha-tocopherol
and optionally comprises other tocols, non-tocols and/or organic impurities,
comprising the steps of:
Za)  reacting the extract with amino-alkylating agents which react with
20  the one or more non-alpha-tocols to introduce a functional group in the free 5
and/or 7 position of the one or more non-alpha tocotrienols and converting the
products into acid salts;
2h.)  separating the one or more non-alpha-tocotrienol acid salts of the
products in step (2a) from the alpha-iocotrienol, the optional alpha tocopherol and
25  the other optional non-tocol compounds that may be present; and
2¢.)  reducing the one or more functionalized non-alpha-tocotrienols

with a reducing agent to give alpha-tocotrienol.

11.  The process of Claim 10, wherein the extract from palm oil is Tocomin ®.

30
12.  The process of Claim 10, wherein the amino-alkylation is performed with

paraformaldehyde and a cyclic amine selected from 1-methylpiperazine,

piperidine or morpholine.

35 13.  The process of Claim 10, where the amino-alkylation is performed with

paraformaldehyde and 1-methylpiperazine.



352e) wherein a solution of the alpha-tocotrienol produced by the reduction is mixed with silica gel,
followed by removal of the silica gel by filtration. 25.The process of Claim 17, additionally comprising a
step 1d1) after step 1d) wherein a solution of the alpha-tocotrienol produced by the reduction is mixed
with silica gel, followed by removal of the silica gel by filtration. 526.The process of Claim 18,

additionally comprising steR<3¢ br aftensien wakwhieseldacaalWien:af theyalharéageitienol produced
by the reduction is mixed with S|I|ca'%el, followed by removal of the silica gel by filtration. 27. The

process of ClaiRfTEpe SEEISHaly ¥ompriEndg PRty s He P HicHIERA ST YIMENE Sh a silica gel

column and eluting the alpha- tocotrienol quinone off of the column. 28. The process of Claim 18,
additionally corhprisingisiasisgshefdinisrddotibas] harrdneion 22enda Y ewGand eluting the
alpha- tocgtrie@rg@%ﬂgne off of the column.

16.  The process of Claim 10, comprising an additional step wherein the alpha-

tocotrienol from step (2b) is recovered.

10 17. The process of Claim 1, additionally comprising an additional last step
wherein the alpha-tocotrienol (from steps 1d and/or 1e) is oxidized to alpha-

tocotrienol quinone.

18. The process of Claim 10, additionally comprising an additional last step
15  wherein the alpha-tocotrienol (from step 2¢) is oxidized to alpha-tocotrienol

quinone.

19. The process of Claim 1, additionally comprising a step 1b1) after step 1b),

wherein a solution of the functionalized non-alpha-tocols is filtered.

20
20. The process of Claim 10, additionally comprising a step 2b1) after step

2b), wherein a solution of the functionalized non-alpha-tocols is filtered.

21. The process of Claim 17, additionally comprising a step 1b1) after step

25  1b), wherein a solution of the functionalized non-alpha-tocols is filtered.

22. The process of Claim 18, additionally comprising a step 2b1) after step

2b), wherein a solution of the functionalized non-alpha-tocols is filtered.

30 23, The process of Claim 1, additionally comprising a step 1d1) after step 1d)
wherein a solution of the alpha-tocotrieno! produced by the reduction is mixed

with silica gel, followed by removal of the silica gel by filtration.

24, The process of Claim 10, additionally comprising a step 2cl) after step
35  2c¢) wherein a solution of the alpha-tocotrienol produced by the reduction is mixed

with silica gel, followed by removal of the silica gel by filfration.
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25. The process of Claim 17, additionally comprising a step 1d1) after step
1d) wherein a solution of the alpha-tocotrienol produced by the reduction is mixed

with silica gel, followed by removal of the silica gel by filtration.

26. The process of Claim 18, additionally comprising a step 2¢l) after step
2¢) wherein a solution of the alpha-tocotrienol produced by the reduction is mixed

with silica gel, followed by removal of the silica gel by filtration.

217. The process of Claim 17, additionally comprising placing the alpha-
tocotrienol quinone on a silica gel column and ehating the alpha- tocotrienol

quinone off of the column.
28. The process of Claim 18, additionally comprising placing the alpha-

tocotrienol quinone on a silica gel column and eluting the alpha- tocotrienol

quinone off of the column.
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