PROCESS FOR THE PRCODUCTI ON OF ALPHA- TOCOTRI ENOL AND DERI VATI VES

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains
priority wenefwdasizf United States provisional patent appcirasteoonsrunber

61/ 197,585, filed Cctober 28, 2008. The content of that application is
incorporated herein by reference in its entirety. TECHN CAL FI ELDV[ 0002]
Thi s i rREATESH FOR GHELR{ARELAIPYN @b A&Pﬁfbr}r&(éOTéEl}B%dWPiQﬁBWeﬁi dhtrent
and/or isolation of pure al pha-tocotrienol fromnatural extracts that
conprise mxed tocols. In particular, the invention relates to a novel and
effective process for production, enrichment and/or isolation of
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such as Tocomin(r), that Is economcally teasible on a comercial scale.
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THE | NVENT)Gheb QR3] b?’}:@eﬂgﬁ@csigq{s ehfiegntion provides a process for the
production, enrichnent and/or isolati'on of pure al pha-tocotrienol enriched
tocotrienol conmpositions fromnaturally occurring extracts, and to the

al pha-tocotrienol -contai ni ng product produced by the process. This process
can be perforned w thout chro Qr Wi th mininmal use of

chromat ogr aphy, and is economngg%ﬁféégi' Iéwon a comercial scale. [0004]
Tocophqoed anThisae@intive R0hies aRrdIB 16 aPr&eschapagiuetidy efrihindt end/br onanol
ring structure and a side chain at the C 2-position. Tocotrienols possess a
4", g isolgtion ofipyes Hpha-acgiieppl fiiors ety caHaghihabromprins reipad tpcplst At he
presen ouhl A . L1 . I ain,
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t hese dmndhirésobivd of hiphs-tocotligndhst figh porityet@n peualt éxaraass, Ep. paimadil exft@ur

natural tocotrieno}ls, There are four naturally occurring tocotrienols,

d- al phavch g beogun . dhydperenomiglly deasdls gn B GRBIETaHGFIeTRES THERTSRR of | y
occur ripgds 96 Qkfdcﬁﬁ%ﬁth@%gﬁt%ﬁ?oi( ﬁ%haa%&@drfeha e B hithi At Thde C 2
chroman ring position.[0005] Tocotrienols are present in the olls, seeds,
and ot hevenpian taboaélatea fythp laiphh Soesechoksofitomis fredect ppdud@t Hbtheipnodess. Machl i n,
ed., "Vitamn E A Conprehensive Treatise" for a

BACKGROUND OF THE INVENTION
[0003] 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
structure 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.



di scussi on of the occurrence of tocotrienols in foods).
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-contai ning concentrates can be prepared fromcertain plant oils

and pl antwoi2b10g17oduct s such as rice bran oil or pal mpoiriusdéesisiziat e. For
exanpl es of such isolation processes, see for instance A. G Top et abh,
U S. Pat. — 5, ; —Y. ; —ent—No.
JP2003- 171376 (2083).[0006] There is a probl eminher8ht iln &5t aini RY
tocotrli enol s HPq ral sources, in that the togotrienal yield fromisuch
processes is a Of Vgl yi of all pf the natura
t ocot r|i enol s akfd [ocBphe o-obtain p pure nenber of the
tocotrienol fam/| ?3 it has hppn necessary to resoft to very expensive
pr ocedukipia-such as prep ahétayiat| ogetaphy ndthyl
si mul dtteebtagnolng b e of such a purifi ca1ti on
process, see M Kitlang A 2003- 02777 (2003) ofr
Burger| et al., U S. Pat. 603 142 [0007] The synt hesi s of
t ocot riefots— 1 theraturat—form—havt 119) the \Lr\) chi+at L,ui"lfigiji'atiui"l and
trans |déibtesosisnal ng,at it he proper |ocations in thenghye \chdln, | meahyl so
been proven to be of c¥ [[00P8] Synt/heses of varijous
menberls of the tocqtrj-er - - RS) - f orrm have | been
publ i shed; see for |exanpl e Schudel et aI., Helv. Chim Agta (1963) 46,| 2517
2526; er et al., Helv. Chim Acta (1967) 50} 1376 1139 - abbe
et al W@gn% hesi s (197 388 889; M Kajlmara et aI?? lteﬂgg I%%h%1980)
14, 199}%‘:31/ S. Uran§ el ¢ (1983) 31, 4 ba1 4345,
Pearcg et al., J. Neo ; and Pearce et |al., J|
Med. Chem (1994) 37, '26 541 hbne of these repprted processes lead fto
the natynal formoff thedocotrienols, but rather progicera M(:ﬂgéﬁpwes.
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exanplle JHIe é et ¢ ¢ 59, 290 306, |Sato et al.
(Japanese Pat ent 6t0- 4 A Pat ent [NoJP 01233278) and
Coul adouros et al (JUS P tent hb 7 038 067). [000P] Tocotrienol$ occur
| ar gel|yajpRapal moil|, rige bran oil, and barley. mnuhgh;yrnggkkp ahadnyalt ur al
t ocophep Ol g€ rec i l he supply o 1atura|
tocotrlienol s is Iirfi a m xture of tocotrienols.
Crude |pal m oi | mhlc - 1500 ppnm) offers a
pot entlial source of led in Malaysifa, IS
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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. et al, Japanese Patent No. JP2003-171376 (2003).



crude palmoil. Carotech uses a nolecular distillation process (enploying
ul tra-hi gh vacuum and very | ow tenperature) in its production plant. This
process (Woeeold/lS127Pat. No. 5,157,132) all ows Carotech t@CEAS2@O062212
phytonutrients such as the Tocotrienol Conplex (Tocomn(r), a registered
trademark of Carotech for extracts and concentrates of palmtree fruits)
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game- t{ge@]r i emat s rﬁmlsny@@tﬁa@ost it ta0f ot Ra9RPeh @R chiral
t ocopherol /tocotri enoI content and a total tocotrienol content of 60%

Gol den 9esfieuptiemhand raysiopelehaading ebtheipeenst lasptionszpdhecadn @an, hapelyoBean; f e

Sci enc y (tnm) tocotrienol concentrate from palm
and ri égggll: tg?’rom %ﬁlgcjlee?&n%eaﬁnaﬁg/ G oup, Gold Trie (r) a product of Sine

Dar by B0008jani Syl&ﬂé’SeBbﬂvz&mﬂls RadntbeNud frtAe mbimablsfafﬁrﬂl@ ﬂslm c( BQ)%(E@MO&IM ).
Delta Tocotrl enogl - 92(r). (92% pure by HPL }1 ially avail able
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i nvent i@ a%t %}1] 719 g@gﬁz het (1sh b 301ﬁ393”1110ﬁﬁ%22% ngﬂelscsr;ﬁ%&ld‘eml from

certain p ol I's" an l'ant oi | by-products have in the
literatl9es), 838 88%h db Kaystanodsi!gélrerahicies prWBdud ¢, WoOKt1GPESS. dframatural tocol s
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fam |'y,360b ah@PeheeD; NEIEHBAT VP (1BBIOIF7, 58 %]P%b%?tlﬁ"s@%?%é@ﬁro@é&%& as
preparative scal e reversed- phase chromaf ography or simulated noving bed

chr omatleat taghg/natmat fosmmd tex orplriesolofbus cmhﬁrl pwhm: rmmmnﬁmes f Bpatheson
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6, 395, AWhin. N, (1676Y 581 2% 306, Batd.cr RAYJapMeese @at@ﬁﬁéi@%%masabss all-(Jeparn@be U. S.
Pat N et Nogp 001%33278) 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 molecular distillation process (employing ultra-high vacuum
and very low temperature) in its 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 Carotech 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.



Summer, Cet al. Int. Pat. Pub. W) 99/38860, or Jacobs, L, Int. Pat. Pub.
WO 02/500054. [0012] Production of d-al pha tocopherol from natural plant
sources ha® 2bomasizfescri bed in U S. Pat No. 4,977,282, wreraseavuszh2 pl ant
sour ces having Vitamn E activity of a concentrate of m xed tocopherols

that m |nclude tocotrienols are transfornmed into alphatocopherol In
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accordance wi.ith the purposes of this invention, in one aspect, this

i nvent |Iﬁﬂd‘}%fr8fne]§elﬂﬁg Qmﬁ#\?@robp Jeegay be plseRisehinghe BEEH mVé’ﬁFlet‘:h ment, and/ or
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tocotrienol” which Is not a-tocotrieno I'n sone enbodi nents, the at
| east quienttoddyt priodunod ha/\hlb(ehn describtd ial tbhhterabm@t butelnsk nethmpols igsmrally

bet at ocot ri enal 9a -t%potrlenol. or delta(iocotrlenol anﬁﬂtmo of
bet a- t GABTHF SHEfur djg\%ﬁ‘é]tr ARY BRGFYingpmawitt 4nq Ye et Fengiically feasfbls ph de of
bet a- tQ%ﬁﬁﬁ&@ﬁpkkaQQHﬁahRﬁ@&5hﬁﬂohpmﬁa40Q@hﬁ@ﬁb&&Qﬁ&h&ﬂ%kﬂwHBaﬁﬁMuﬁf the
f oregoi ng enbodi ments, the source naterial can optionally al so conprise

al pha tfewdphi¢ha been rmecmsar;e mmm<pnt@1@<penhvgpnon@@ms suph aaeplap@rgtweoscalen ovel
|on enr.ich and/.ar, i sol t|o

f
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examples of such isolation and purification processes, see for instance Top A. G. et al., U.S.
Pat. 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, L et al, U.S. Pat. No. 6,838,104;
Sumner, C et al. Int. Pat. Pub. WO 99/38860, or Jacobs, L, Int. Pat. Pub. WO 02/500054.
[0012] 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

[0013] 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 commercially viable. Although the process for the production of

alpha-tocotrienol has been described, it is only available in pure form at very high prices

-



conprising naturally occurring m xed tocotrienols. In one enbodinment, this
invention relates to a novel process for the production, enrichnment and/or
i sol ati orwof2opunse27al pha-t ocotrienol from plant extractsPemsetvdcizm?
naturally occurring m xed tocotrienols. In one enbodi nent the invention
does not need the use of chromatography, and is anenable tq | arge

comer dF&h Lb%%ﬁ]@tf%wodvg &f p%%%tp&éfo%lphae%mﬂepﬁl faerp thde (epuenl omPane

i nventi; qu ? |rral use of chromat ography and is anenable to |arge
commerci al production of al pha-tocotrienol [0016] In one enbodi nent, the

i nvent i[6614]el aIrehg}tt@f éhernboes, thare cessnd oneddier pnetedtdf produeimgitbhinantallgnd/ or
i sol ati on of ocotri enol fromnatura]hl curring extracts
conpri sqcaw@gﬁ?’wawp%?n geypbyie %‘Fglaéﬁcf‘:%%lﬁ Bb{eaiiﬁlé’ro&lacq Rt her
embodi nefk, shéea BﬁJcH{sandlﬂd Hﬁﬁiﬁﬁié e nﬁ&%é@&tprb&sﬁn?%m Rybir&Kbi@Gbulg@ pal m
fruit extract, or a palmoil/palmfruit extract n anot her enbodi nent, the
nat ur alrloyrﬁtﬂ@uamﬂwrgﬂfémlmauze the use plarhoviatogeaphicassparatiopsal m frui t ext ract or
a palmoil/palmfruit extract which has been concentrated. |In another
enbodi ment, the naturally occurring extract is a palmoil extract, a palm
fruit extract, or a palmqi r t m El aei s guineensis. In
anot her enbodi nent, the n %ﬁ@@$§k§c@tﬁ}%@¥?g&e is a palmoil extract,
a palm mfruit extract fr El ael. s

e con Pt 5%5}2&5%%?{9]&@%@@%5% BT ik chlgp 7S onE sl o v Siigh

nat ur al LMRg ¢4k hbRd peocklaol tHeSrb MR ti6ABRBLRISht, ARI/EP i9d1hti GPNCEMHal BE&rienol
Tocom n(r), a product of Carotech Bhd. (Ml aysia), which conprises a

m xt ur drah sowe@mt%MMmmm&atdmt @@ctomteﬁml Vémh aavedphntbcotitoehtinat ed
fromvir r al.m amfrwt neen
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CO- enz ytoeotidad] aaghrivi- mdtﬂéabpbeaatad@c@thaﬁolaé@n@aw fof bkt - t6edtFi @il Ggininﬁkget her
with tocotrienols frompalmfruits. In some enbodi nents, the naturally

occurr |tﬁ@3t’é§‘<ft0rla§tdelt%*t%€ﬁt®@?]r Qe all grregaf batatqeotrienele 2pnag- tewtrlerwé,rqnéy or
annat t 4,101 ¥en ?nﬁharﬁ?lf L w@fcﬁg{tﬂ% %bo@ﬁ%@nt? fthé &%rée%gtgﬁélr&n %g 1§nall§

anot her enbo rresent 1 nventlon es an
enri chedsot mqirrse elphh texophact Thoamemdbdingint, ,thlam\&ﬁﬁﬁh yat&ato Qtrﬁ)@h], préadsdlen

Hope Bioorganic, Davos Life Scjence, Beijing ngko .G oup, Eisai, Eastman
Cor porafPf@ﬁPr%}“ﬁféOlB&PB?hrB?IHraﬁ‘g/ﬁf tsolaipn Fnaursra rt%q{ﬂ%nﬂigr@ml?le&wtrafte017]

Anot her, %@Pﬁ%%ﬂﬁ 18 odchii g’\ﬁ&gfl 'Ft)ﬁfgtr%mr 1§ 6fe f:rﬂ?ocﬁ&%ﬁ'#%é BRendIH bhENt

and/ or tron O nat ur a tocotrieno roma material conprising
at | eastb agiogel 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 use of chromatography, and is amenable to large commercial
production of alpha-tocotrienol. 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 isolation 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



conmpound sel ected from [0018] reacting said material with a fornmal dehyde
equi val ent and at | east one am ne conpound of the fornmula HN(Rn) (R ),
where Rn wiodoR@1xre i ndependently sel ected fromthe gr@ap/userwiosz2ing of H
and G -Cs alkyl, or where Rn and Ri 2 are combined together wth the

ni trogen to, whi ch they are bonded to forma five-to-eight nmenbered

het er oc3FEMIEECKHES! ISHP JOMEIET YoRAET 08 GOPFGUREVE Hg P EP o Pr@ﬁléct obfCagaferh

addi ti ' 2 are
bondedqa?%%g%g%gg a?ﬁﬁ é?gg%%hg§¥%gﬁ%t y %#E ;ﬂ Sﬁ%ﬁﬁgﬁﬁgcté%
separaUmdgomhmuamﬂmEMEVMyhahﬁﬁImhnpﬂQmHndmﬁsdﬁbau@dauinmnhmuiwhmhaho

non- am.n th ate ounds, and reduci the amn neth Iat ound or
conpouda‘(é)ln& ndpPeP [Pgbtgg]““@%@ s %b%gd? ﬁ‘ﬁﬁﬂu%?n% H]é‘/tPﬁ%rQ F%ﬁ @é‘iéﬁ)bed in
Fi gure flixe§ @%fe‘n@f?ﬁ tﬁalf' QreaQEHHIG éﬂfh’cteﬁ%ge@m% t%@&h@ﬁolb ﬁ@hﬁﬁa‘hﬁrfnﬁﬂ(s mat ur al
d- al pha-tocotrienol fromnatural plant Sources that conprise at |east one
non- aIahawﬁmdmﬂnn@mﬁnM3mmmabppc@mmmgyﬁadummn@naw1pépdnrmén@téwmamh t hat

opti ongl al so n de a%@ a toc ero tgﬂ;lo a hert%ocols and
opti ona aF]yY ROt 80‘?r aﬁﬁ{i? H‘[aPP%ﬂ or' IP?F&? 8£eg°8“§rfé]f5| i Ay tHe steps of:
la.) reatddigerd (R RAhuRKbE 8fthe megtewlﬁvaﬂubh c§1wph§é@|aﬁ ehfaganbstMbrigth wil |
react with the one or nore non-al pha-tocols to introduce a functional group

in the oxfrag f@raﬁalnmaﬂmsrs@@hy%mw@h GqideroHepcoBiontgagicnBave lpfaS¢ios) s; | b. )
t |
Funct g O eRp R8s, TN, MR B CABLLAER) S HIREOBUSSorhE S BRUBLPEET

and ot hutraeemidabcol conpounds that may be present; lc.) optionally further
separating the al ha tocotrienol in the mxture separated in step (Ib),
from t H80 ﬁ{dt. ondP har pRBCYIBE BN ehDINVaREPIROMIISHDRE PRI LIYL FPBEHEEY! | d.)
chem cahlpe:s s%%foh%gnatpabm% [ (oBBFE amn@mﬁ@eﬁa@w{npﬁm@e 19mbh@ed

honol ogues from step give a pha-tocotrien .) optionally
conbi nigogpohed sdlghed fromot ri enol fromstep (Ic) with the nemAy pr oduced

al pha-tocotrienol fromstep (1d) to give al pha-tocotrienol of high purity.
[0020] In another enbodiment, step Ib) is followed by an optional step |bl)
of filtering|la solution of the one or nore non-al pha-tocols honol ogues that
have begp '-nallzed Filtration can be perforned using diatonaceous
earth such any otfher nethod of

[0018] reacting said material with a formaldehyde equivalent and at least one amine
compound of the formula H-N(R;;)(R;;), where Ry, and R, are independently selected from
the group consisting of H and C;-Cg alkyl, or where R;; and R, are combined together with
the nitrogen to which they are bonded to form a five-to-eight membered heterocyclic ring,

said heterocyclic ring having zero, one, or two additional heteroatoms in addition to the



filtration known to the skilled artisan. [0021] In another enbodi nent, step
Id) is followed by an optional step Idl), wherein a solution of the

al pha-t ocworoevsh27¢i n a sol vent such as tol uene) producedThis2etmer2¢ziuct i on
is mxed with silica gel. The silica gel is renoved by filtration, and the
remaining filtrate is concentrated to give al pha-tocotrienol of high

pur i t y.Nifregepdp WhichiRoard Rixpbandadnto Prst%tcw % gpsonemingpghylaiey ar e
perforqgglohg9g§&x&pﬁ ot her enbodi ment, the plant extract is a palmoi

pl ant extg%ct I n anot her enbodi nent, the pl ant extract is a palmfruit

pl ant extract. In another enbodi nent, the plant extract is a rice extract.

I n anot her enbodi nent, the plant extract is arice bran oil extract. In
anot her enbodlgent, the plant extract is a barley extract. In another

enbodi nent t He~ % i$ an annatto exgract. In another enbodi nent,
t he pl ant extrac

) pre of the foregoing plant

ext r act B4,R[;01024 , trotucti on~ of a functional group in
the free 5 and/ or positions of the non-al pha tocol honol ogues conpri ses
i ntroduction of a group which provides for increased differenti al
solubility of the GHphEtiRanal i zed non-al pha tocol honol ogues conpared to
non-functi onahdzedhcapounds in the starting nmaterial, source material, or

extract. The |nc| ed di fferenfial sollubility|can be differential
solubility in g 8] yelLA Q! Feased giNferential solubility
bet ween two or norg sétvents in a mxed solvent system In one enbodi nent,
the introduction of a functional group in the free 5 and/or 7 positions of
the non-al pha tocol honol ogues is acconplished without reducing the double
bonds present in togaRriggnol conpounds and/or w thout causing isonerization
of the doubl e ,honds present in tocotrienol conpounds. In one enbodiment,
the step of che he non-jal pha tecol functionalized
honol ogues to pradugh £ anpl i shed wi t hout reducing

] ' i and/ or w thout causing
i sonerization of the double bonds present in tocotrienol conmpounds. [0025]
I n one enbodi nent, the functionalization is introduced by am no-al kyl ati on
foll owed by acidification, thus converting the non-al pha-tocotrienol into
t he COFs'éﬁ&@@r@ﬂlB@nﬁtﬁBﬂ?&hﬁhﬂéM'c@h@@utﬁf&%ﬁ{ oafdh e 6k hififori@h@aloducts to
acid salts. In sone enbodi nents, the functlonallzatlon is introduced by
am no- #loRyporRdso ANdyedHeing fheramnempinle s fompaNather caspaynds to yield

[0019] 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 optionally other tocols and
optionally non-tocol phytonutrients or impurities, comprising the steps of:

la.) reacting a plant extract mixture with suitable 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;



as paraf ornal dehyde, and an anmine, such as a secondary am ne, such as a
cyclic am ne such as 1-nethyl pi perazine, piperidine or norpholine. In some
enbodi merwe,20ts157anct i onal i zation is introduced by am moTalskgooasizan wit h
par af or mal dehyde and 1- nethyl pi perazine. In some enbodi ments, the
functionalization is introduced by am noal kyl ati on wi th paraf or mal dehyde
and m)rphol ihe. [epF8Ying e SRe CbmBE IR Pha-togals hepwiogupbihabhaveheen

am no- g, 0%51 BRHH@EI%hE EQAAG, P n{}ﬁmh COpial tS&ﬁJherotl B Ok RfRlocal Pha

t ocophero er non-tocol conpou at may present 1s done by
parti tlwmptogndtsethwaﬁaybmpresnngam c layers. In one enbodl ment, the separation

of the am no- IkyI at i ducts fro |enoI t he optional
al pha tocophlé: ol Q&Hﬂn%&”ﬂgfﬁwpi‘%@% m@&ﬂ%@ H?IH) tm Wlﬁ@r‘b?eé@@ttﬁd s done
by par tdd @8, %n@@k%ﬁ@na@@lﬂﬁ%&bﬁerbﬁéﬁﬁfotﬁé}%oﬁf{o@d}‘é@t%@uﬂcﬁ}’er I'n one
enbodi ment, the separation of thé am no-al kyl ation products fromthe

al pha- t ocot rlidenolchemirallp peacting theaing lea ntose ophelpbi-tenedfortieraliaeh- t ocol
conmpounds_ t hat ent d b artitioning using an acidic

or gant domgives B 38 BRERGA pPREYESHBRERRY f orm ¢ acid [ 0027] In

anot her enbo@i)nmerdptiohd1B mﬁhgh}aszttpmto%@eﬂét fta clep QN3 lwWizede A ogues are
reduced with a hydride reagent such as sodi um cyano borohydride (NaCNBH )

In anotiieducedBlalipiesetrienoh&omovier] ghte- give dpha-taseirienaheithighawityed honol ogues
t th
rbods AdR) | e O GRARE o7 HEBRed B bl Th SRS N i e AuRPR 06

with | |st)tuuumolﬁﬂreahl¢djmﬂﬁe n@i-aphbescohyitindlegues that ﬁhﬂfeﬁ]ﬁﬂek)ﬁhlﬁdﬂiﬂﬁﬂizﬂm hydri de.
In yet another enbodi nent, the non- al phat ocotri enol functionalized

horml odliketign ga1 BeipRrERIMA UAing W?‘&@u% eudeneh averlite® aripphethst Bethedim
hydr i dehltrlrnﬁ'ory Omttﬂggklﬁéﬁjﬁquﬁent t he non-al pha-tocotrienol

functionalized honol ogues are reduced with a borane, diborane, or a borane
conpl e>{002;1]ch ﬁsartnxtheammbbdmmylste@rﬂtdha ibﬁnwbcehy ah nptaomad ktep léhbetemsnd , t he

non- al pha-to tr| ol functionalized ho gues are regduc d .
el ectr o€ 8 FI} RFFeRH (W ae%OﬁYeé’ﬁS‘tF naért Eﬂtﬂ% Pﬁ@“&%?ﬂ‘%ﬁﬁe rEAUCHPRR
nmagnesiyited R@ﬂlasﬁfdalg@l TheGlica et kElemoOéd BV RIEABR, dldeheRimaikife il psesence of
a suitable proton source such as ammoni um salts or carboxylic acids.[0028]

I n any C@ﬁcctrthteteelrtb@dtemhastoemumeolthghmumzsesses of the invention can yield

?;ggg &ﬁﬁ%%g/l ,? nozlmo ere 1n%JeIt1|‘t t‘t%’th steps ar?c{TP&qlagee Fér?o’rmecﬁl ¢ purity is in the

[0023] In another embodiment, the plant extract is a palm oil plant extract. In another
embodiment, the plant extract is a palm fruit plant extract. In another 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 embodiment, the plant
extract is an annatto extract. In another embodiment, the plant extract is a mixture of two or
more of the foregoing plant extracts.

[0024] In one embodiment, introduction of a functional group in the free 5 and/or 7
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 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 chemically
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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 sone enbodi nents, the purity is in the
range of wbaeoto/B02wt o about 99.9% or in the range of alpowusS3@Awsrz1about
99.9% or in the range of about 90%to about 99.9% or in the range of
about 95% to about 99.9% |n sone enbodiments, the purity is nore than 80%

or mor de39iiag tasean-yYphhioeel fupgfpnaliogd hamalegues fhpredeeeopphsy OrefFienelian 929% or
nor e t%@orggl{é’he@ RVlﬂﬁBﬁterea% glg%buﬂé bm?&sgprE ngtgc/Bthl{ol 'Eern 015 ran @1@ or
or than 99% or

nore than or nore t 9.5% or
nor e t heithd®®c8fngl isors@imtiembhDdie menils bohdseprpient myoccsrlarmieompalundabout 80% or

nore t bout 85% or .nore than ab ut .90%. or t han out. 91% or
e (AR bontn SRR A ARa i igRin GPdTEd By R SROHIOBAge o
mor et iaNoRePsy adaitica®n, ﬂﬁfs%oﬁ\t@ﬂngaﬁglﬁbn%gﬂ@a t8¢otHEH o} 1ﬂt9@rﬂa RpRYIond#Td or

nore than about 98% or nore than about 99% or nore than about 99.5% or
more t rmnnabbﬂyﬂat@bp@%ct Iand otthvertingdatstipradentsto ackibsaltaplr $anpeegmbadimpiets f i nal

pr oduct | ess. th 5% l.ess an 10‘V or less than
Bog or hekelilizhomt s Pl hERab Myt p5RSuleRge fiton Bl neS, ' o
| ess t hapafhf&Waldhyd€ 26d bR amife, 3%h &R seédr@hryehinad siEmhsa cydlie ahfiidisuchi s i n
the final product are |ess than about 20% or |ess than about 15% or |ess

t han at?édtmi@%PlRﬂfazll%§1Heﬁdmeé?bélﬂfp®iﬁleoi[n soaresernbpgimanisthe 409 or | ess t han

about 3f1{?1 ?1%ntlsh]%[}o§1?c8:a%%2a‘4}m(9 : IJHFa%%ré %O a@ﬂg al&efﬁ}xdg Em& gss than about

0.5% or ess an a Inpurities

consi stetlyylpfpetaaoel In esmé embbdldentsyaﬁelfumlonﬂutahen fd inabdyeeddyaiisr-e | ess

than 5%1 |l ess than 4% less than 3% |ess than 2% |less than 1% |ess than
. 5% or? K%@?W‘ﬁ%}hpﬁa_@@aﬁdﬁ wleriad erlRlintent s, the inpurities consisting of

tOCO' S 1802419C04n g d  hB sl ot é’a{rﬁﬁHCatl r?%g)o f%&u&i‘.?&n%?@”t >%

| ess than about 4% ess t an about 3% ess tha 2% 1l ess than about

1% | esdphtahacoteibiolt thd opforai alphs soch plaroladndudthdd nb%todoﬂ]cmnpowmbdmﬁt mewytbe t he

i nventi on Br OV deﬁ a met hod, for Iarﬁe scal g}h{g uct i o enric msnt and/ or
Y OLgANi Jayars- ¢

i sol at iRSFPeBE IS SPRREY PYLBPRTRHE1VECE G 0Nty negiestn r‘?&‘c“%‘?nitat cont ai ni ng

al pha- ts@?ﬁﬁtﬁérﬁéﬁhe Qlfmrﬁ)talkﬁﬁﬁén ﬁ@dﬁ’é’t@ﬁ%m @t al ﬁ@@@co&%ogrt tioRhl @St 250
gr ans, | east 500 grans, ast 1 kil ogram at | east Ki ograms at

| east Bogaphept amdother nex top@la@mp@t)nd@ thmtgnan’ee prgsenats domady patisionin’g0 gr ans, at
| east l:f):ut 100 | east about 250 ast al%out 00 grans,

L eadtRlisnan o Bye Aind A itedR M 2o iRl F8 SRt or 180 ¢ &

Ki | ogr a#fino-@lkylation products from the alpha-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.

[0027] In another embodiment, the non-alpha-tocotrienol functionalized homologues are
reduced with a hydride reagent such as sodium cyano borohydride (NaCNBH3). 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-
tocotrienol 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 electron 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.



at | east about 10 kilogranms. The quantity of material containing

al pha-tocotrienol can have any purity level as recited herein. [0029] In
sonme of twe atase27ment i oned enbodi nents, the process i neosgo@nerdi ti ona
optional step, wherein the al pha-tocotrienol of high purity is oxidized to
produce al phat ocotri enol quinone of high purity. In one enbodinent, the
conver 409260 lof & pyefitbeenbedimsnts pBove. grarpessessof disdnveplionsaryiel carried out

under bl e6ed RNk i il mngp%h%mqilﬁaﬂt nd ABiPU ke ARKL OF sRse

enpl oye I ng conversion a-tocotri eno al pha-tocotri eno
qui non&9. ¥k sodh tim raagdafrtEiye fo %@%um inytloke mggmof:%ﬁ%@cm@@ 8%, poinabes ramge of

car bonat p si.um hydr n carbonat.e, phate buffer or any m xture
in anyagé%/f)fﬁ)o%%n I%Forfléﬁmgg‘ﬁl?ﬁpﬁ PRHE 1?6‘?'@@6?‘?’1"{} Oéﬁtg %Q% PP388] 1 n any of
the enbpdjopemnts t}?ehaﬂge oftaﬁb%utpgs% esaut 99,9t er inrt}i@PaIngQ B S8¥ht Y0 &l td about

al pha- tocotrienol quinone of high purity. In some énbodi nents, the purity

is in tHPPange thef ragg%witabogR Feogo grout AO.Pre Inan@e eotbodBwNtso IBPULIYE isor i n t he

range of 9 % 9. 9% he ran 95%

erbodi MaREdha g g o Yo' Bt O e PERG B Se b 85007 ab5iR By B% or i
the rangen@t t@h@}s%,%%%dr@mb@u%, 9Pmd% thak 95%, bh@ofcARSeIeh, abasi a6 t o
about 99.9% or in the range of about 95%to about 99.9% In sone

embodi Efe.$r mdie then P8ty of gr1ofpthan PR%n osmoge than RYp &, phawrehen 98P mohe t han
90% O o R, ?nt;[ ﬁﬂer@%?ﬂﬂ;e ﬁrit J 1%01{6*19291 %}é%} 8(9% 6?)111’181‘6'[ ﬁlnabgaggé%@ o IREE than

94% or nore t han nore t or nore than
98% orthamiwut Hed, &A%oreahamaioat M%no&ﬁox‘é%armbonom%t dratno® dhBabolnoTo e
enmbodi nent s, the pur i is nore than about 80% or nore than about 85% or
more t RAMABIRD 9%948; e {RaRbay . 91 9ore thapyPeutiIedn CaBmit thedo, or

nore t % taé)f%'tor%%oﬁ tiih a@Bﬁt@S’?ﬂ%@ nﬂQQH{an%ﬁ({ﬁt @% rHPrrrﬁ)r& Eﬁﬁ agglﬂ% %O/Sr or

nor e than about 96% or nore an about 97% nore t ut "98% or
nor e thaoreMon@% O%r Inmtler tinbodisdeotst th@@mﬁﬁzﬁtlasnn theer fenaf pmduattmuteSQQ 9% In
fina uct s than 20%

O e MRS by LA R (S % o fest LR SIS e Bt iRos 0 o

less thap o?%ss@l'ian'%sortlék%@ha?ﬂ%%%r 1b&SRard (8%, ér/ilessoﬂhalll 69%.thaind. 5% or |ess
than 0.1% In other enbodinents, the inpurifies in the final product are

| ess t tmiIItbOdbn@nts 2pv4mppritice gsthe Fianl La:bdmtc arege4s than ¢®992@%a®r lagsghan 4% or
than about cogg BRHapSl (R AR A ] rdo R B D G W Rl R s TR
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 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-tocotrienol, 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-tocotrienol can have

any purity level as recited herein.

[0029] 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-



0.1% In other enbodinents, the inpurities consisting of tocols or tocol
derivatives in the final product are less than 5% |ess than 4% | ess than
3% | ess whano2#277ess than 1% |ess than 0.5% or | ess PhamsR0ss22in ot her
enbodi ments, the inpurities consisting of tocols or tocol derivatives in

t he final product are_|ess than about 5% |ess than about 4% | ess than
about 39gotriegncd apiagne abljah Pouty- Ilagse emhedintsaltherapnvereion of RlphaApratieng! 506 or

| ess thcéréllp%QQ otiferb{&uinBn@RCa SRR IR bufBRd BYERSAL M BBQ%&QS&M@M}H hod

for |arge- scaw production, enrichnent, and/or i so{jatl on
al pha tthe bufiférendior Qaﬂerumq:éoy@sluhlltnngscommmbm of dphmfocneicesl talalphorbaitnenug

al pha- tocotrlenol qui none of at st 50 grans | east 100 rams at
| east ZBHNYF ApOdIR cp 2’8%3:“3 §861“5]r Ogeé‘tcaﬁg?&%? HOtR%S}%F%{h?naé‘% PPESELM2

ki I ogr E}fﬁrog%h chi®B8dte PHOLPHRAG BUTRer, &ranﬁtrﬁ&ﬁ% ity Wb REATSE twQ ordbork @RRfe about
50 grans, | east about 100 grans, | east about” 250 grans, at | east

about Eo&ggmgrbslffeest | east about 1 kllogram at | east about 2 kilograns, at

roori P08 O KRR Bhilepts GRRTe. AR ot % R0 8 Riop SHEYHE" el ke

reci teChl}b]ﬁlEt@bcEtrlelﬁ(QQlaﬂdonb Bf RiRAHAATy. aAR6E FRBbdintdhes, tHRVRIRkY BNn GRMRASSS a
met hod for oxidizing al phatocotrienol to al pha- tocotrienol qui none wth

m ni mal8G% -9 Zadi iBrihofangh el $faie 29 Bonasingne range of Pefqdo %19 I i fesome

enbodi . 6 r

3,7, ||¢§@éet°eft9trsgerrte°t N Ef;hexadp% @?@Adfn%ﬁ'!s{@?@“nﬁ)lgg’@ SUE |8@§7‘%:/‘i ohexa- 2, 5
- di ene-abduOIH B NE, 1npllid)1dtlg@df dbput%&%m@hﬂsum 9¢.9aQ ok He&eaztngle@)aabombowto%% at

| east about 90% at | east about 95% at | east about 96% at | east about

97% at2bPeE} 9%GpYun tguneset 4@3&?50/36%1?0119@9/09%t1n| seEsemegiRend theopurdy ot
| east e}p %tre 91]%51 %ge/ogr fnlaf"e t%ar( ﬁS ‘?Cycxﬁ‘\@]é tﬁary 900/% %J]rﬁorettﬁnr@l%t&ﬂl&@ﬁﬁﬂeca 6,

10, 1l4-trien 5,6-trimet exa- 2 i ene- -di one materi al
pr esent92%,@0 3Rjre than&ife, of ntohethab 6¥%, entpod titrmeS% bihmowxhaa®6%norahore

al pha enol to al tocotrien ui none _ca perf or cerium
1 ariy L finork i OB CioRe T BRCBRAGAeTe 2 SE A e

al pha- tIﬁ%@ﬁn&'e%@hm%'tsn%%)urﬂtﬁlsam&@|t1¥a%ero§HM‘7 ¥ rh&18 RPRBLACEIAL R more

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

chr orrattbgr d:]@hw(é%l emmoigdbkeatbont 9 Heso merg ﬂg@l abOTFh%Z%; ¢rj m@reqleqn abant LYnt ai n
bet ween about, 0.1 A 0% os: Dy at ch as about
0. 5+ 200 By L LRI ORY At T By BRE b bt dRRApaReRgh kBB e The
al pha- tapeat 97% N2 mds RGNS o GEIB B or ehdit Gthnfaboi 99%, or more than about 99.5%, or

more than about 09.9%. 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 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 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, 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 5 kilograms, or at

-11-



the silica gel/ NaHCO3 with sol vents, such as n-heptane, isopropylacetate,
or nheptane: isopropylacetate in ratios of about 100:1, about 100:5, about
100: 10, owo2bouts1Z700: 15. The recovered sol uti on of al phacrasetmwioerat

gui none can be concentrated to give al phatocotrienol quinone of high
purity. [0034] In another enbodi nment, the foregoing quantities of

al pha- tlersbi ¢ Kepgrmeroraf sReiabest 14 EABS. 4lFanoheutHiY Famprddireetbousiiy a
single 0%9%3‘* 1&5&%8_&1‘ ?do()%%fiﬂ?,g?geqy rfqtgggh kﬁogrz(f)\apm 18asPARL 8 kb ShAk! f0eRf the

st eps met ho e I ment the 1 nvention, as descri bed
i n Fi gwbeut?y kibepmpns, e st kehe apowddddiiogramse rithiecjumetity ofi nthtavial ceohiatnigaphat
nat ural d-al pha-tocotri.enol fronlggy turaggf#anl source extract from palm

oi |, wieriial grigors canfave @Ry By develas jeg YRHE non- al pha tocotri enol

conpri o081t heSiRRger @bodneht, (RGN LM RFITE LA el THCIxiM M Wha t h
am no- al kyl'ati ng agents which will react with the one or nore
non- al phepttiomdksalpba-iaspirgdolcgrizorfeumitht ingnalal geomepzationtoh ehefdoabledwndy ofr 7

positiqps, of the one or nore npon-al pha-tocotrienols and [ t he

P oductbe rtps mites D Safod g ReRphS ol b g pa R 0L 10

non- al pRArdx9CRY 11i 8 BQktrafdthylBétadscaob, 10,N8-tRERULS S $-tinihyadRoHeRaD,5-diegn t he
al pha-tocotrienol, optional al pha tocopherol and other non-tocol conpounds
t hat naly48©ngredyred by methpd cempabasdt tdaet abont &% Ha laasicdbopt Wbl at least

functio j i th pale) IV - trjeno
e AR 70 ERURLANER A R SILH 00 A0RTpd opi BB 0B0L ) enc)
separ atleght a0 1560, onet ledist abse 9a9% of @k Ry(3-itydesdyr3,2n0)15honol ogues in step
(2b) is not recovered, thus allowing for a process yielding pure .
al pha- tieEdpsthheradgra bl dtHenilséa. Wmeﬁ@%%scil‘?}@x%‘%&/Y@Pn%iﬁecﬁgﬁl%@ateﬂal
chronaggg&gphy . [0037] In another enbodi nent, the process does not
conprise an additional step wherein the al pha-tocotrienol fromstep (2b) is
r ecover[8832]t hui alyl dwhngbdve rndodipnents denxidatiah of elphetaioaienpt mcadpsls- [ 0038]

is follo . opt.ional step 2b 1) of

| n anot her .enbodi nent, step,.2b by an

f11 ¢ er (G HCRGABPERC Y G ARETCERE] BTOBR W DY) AMBRBUFLRBRE homl ogues 1 hat

have bggpafjuncii aimdr28Modiment, 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
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 weight or about 1%
by weight of sodium hydrogen carbonate. The alpha-tocotrienol quinone can be eluted from
the silica gel/NaHCO; with solvents, such as n-heptane, isopropylacetate, or n-
heptane:isopropylacetate in ratios of about 100:1, about 100:5, about 100:10, or about 100:15.
The recovered solution of alpha-tocotrienol quinone can be concentrated to give alpha-
tocotrienol quinone of high purity.
[0034] 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.
[0035] One embodiment of the invention, as described in Figure 2, comprises the
production, enrichment and/or isolation of natural d-alpha-tocotrienol from a natural plant
source extract from palm oil, wherein said extract comprises at least one non-alpha
tocotrienol, comprising the steps of:

2a.)  reacting a palm oil extract mixture with amino-alkylating agents which will

react with the one or more non-alpha-tocols to introduce a functional group in the free 5
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Filtration can be perfornmed using diatomaceous earth such as Celite(r) or
any other nmethod of filtration known to the skilled artisan. [0039] In

anot her ewbadiomsmnt7; step 2c) is followed by an optional PsTas2@0b¥221her ei n
a solution of the al pha-tocotrienol (in a solvent such as tol uene) produced
by the reduction is mxed with silica gel. The silica g[_el is renoved by
filtrat3ngr 70gitiopsol BaansPHgores nar dpha-tosotkigpele ARG eqnvaTting the preducts into

al pha-taggpgaqtgenol of high purity. [0040] In another enbodi nent, both step
2b 1) and 2c 1) are perfornmed. [0041] In one enbodi nent, the pal m oil
extract is cbonrersepahiing heant abmereliomeatpin-tocotrienolaaeat dadts obthiegdodrent , t he

palmoil extract |s c cially avail able Tocom n(r)-50. [0042 n one
enbodi rHENE Step Zgar)o%ﬁ‘@ttﬁggl%{ﬁ‘t%ﬁt%ﬁi’ 88‘11?{9‘1[1 a]@P%EPﬁOPIFFQ?lr?é‘ngF ngn4 lhor 7

posi ti QR pBlindNBatALy B pR&Enk;omal honol ogues provides for increased
differential solubility of the functionalized non-al pha tocol honol ogues

conpar ed t o 3von- fradistinothainpr-etbhe dageetiends funetiphdized homploguerewigh p adduciwgur ce
mat eri al or ext%@}ct. The ilncfile sed.tdi fferential solubility can be
di f f er SRENEP 5G AP PESIFRILT BN HUE ol vent, or increased differential

sol ubi I[p936]bet Wedis $eeudir eRo—inSEt MR hphh-Rocdtidny sk paRkedeiidm $hesder | N one
enbodi nent, the introduction of an am noal kyl group in the free 5 and/or 7

posi t i dRgregmintralkybiocairighel hosradeguss Holteyids 15 it rceverpdi tBredlaNiing b

reduci - I i€ n r wthout
causi ngbq ?ésegﬁﬁlrg?dzf% ?ngggjg %tﬁég‘?@%&%ﬂgﬂgﬁgﬁfé{h%d edggllrl\tf ES?‘E\ED ?(/:O%tse P ? %%é‘% conpounds.
| n oneembaditogaphy.t he step of reducing the non-al pha tocol functionalized

honol o&ues to géoduce al pha-tocotrienol is acconplished w thout reducing
t he dodBP¥/Ipontsagsnthes spmbogimang by progssIdoetifs SaMBE SatIditiot Heritheglsi ng

i i ' ' ' ds. [0043
I somer 'tﬁéé‘%lbg%%éggtﬁe’ﬁ%l f?&’tﬂ%'te% (99}‘1‘3%0'%&%%8,%@ Ql&v&lﬁg;ﬁ]ﬁr' aerﬂ&lg e\?ﬁi@ﬁg@l s. [ ]

I n anot I ment, e amno-a ation is perforne
f or mal demnarciebpriovessent , such as par af or mal dehyde, and an am ne, such as a

second m ne, such a cyclic ine selected from1- | pi.per azi ne,
o por s Aaslor "RLaBiT eI ctP a0t TG SERE BUR BRI BB D N IR ek on ' i s
per f or e, ioh R (RSP MTRe A6NYHRa AR 1sToniBb S0ek PR BEAZbRR fuldfiofize@N0t her
enbodi ment, the am no-al kylation is perfornmed with parafornal dehyde and

nmor pholHikeatiof 0@nhg pdrforawd ubisg dardroatienentartht sueh pedeldte®an anyg ofher gtheddfwi t h a
hydri defil[rgt?(%elgrgowsnut%th Skilled artisan.
[0039] In another embodiment, step 2c) is followed by an optional step 2c1), 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
concentrated to give alpha-tocotrienol of high purity.
[0040] In another embodiment, both step 2b1) and 2c1) 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®-50.
[0042] In one embodiment, introduction of an aminoalkyl group in the free 5 and/or 7
positions of the non-alpha tocol homologues 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 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
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l'ithium al um num hydride, |ithium borohydride, zinc borohydride,

t et raal kyl anmoni um hydri de, sodi um borohydri de or sodi um cyano borohydri de.
[ 0045] | rwenotanmsi27enbodi ment, the reduction is performe@Chiushoo/obiane,

di borane, or a borane conplex, such as borane t-butyl amine conplex. [0046]
I n anot her enbodi nent, the reduction js performed el ectrochemcally or with
an el ec@MRodiragHOhe sigb o dugipaithmpon-1lpha (9Rp! fypetinnalizn homalpeiss tmprodidse or

ni ckel @, ARBLARE i REOAQfi iR uPRAIENE fred &ouﬁleswnhép}egerﬂa&%%&réﬁw ce,

such as a protic solvent such as an organi c al cohol anmoni a, or
such ascoarpoondsumdgaivtithoot canainp asophdrizaéel afsthe fO@IF bords paeﬂ;;zntah todogrienol

enbodi nent s %(;ve the processes of the invention can yield

al pha- tGEHPHR of high purity. In sonme enbodinents, the purity is in the

range C{f)oﬁg% t oh ARV en®bdintent, N8 ARG 1R lafr R b@rf&%ae%%hﬂ?ﬁ féri’haldéﬁ dange of
90%to 99.9% or in the range of 95%to 99.9% In sone ermbod |rrents t he

puri ty dqsivialent, vech ageafofmaidayte 80%an amabn yectos. Q%corslary atrntnhesuChrage of

bout 85%.t bout 99..9% t 0%t t999‘V
B T B o W RN e e B R e 0 o A

i's nor entkAin& the zﬁﬁmmmeyléthﬁri é%mﬁ*ﬁvﬂﬂf rhfdanal80¥pde @hd err e than 91% or
nore than 92% or nore than 93% nore than 94% or nore than 95% or

nor e t Haethgeomeragiendp é!ettmﬂlegw&()@meﬁbﬂ@ apan-adadatioprs pFamerdarithogo, or
nor e pafg% i{ gé ﬁ'a)&%r%l}&ﬁﬂ 99.9% In sone enbodinents, the purity is
Qhé{ 35 0r r

nor e e 6f'han about 85% or nore than about 90% or
nor e t Haed4bouin &ﬁa%er@mbﬂmm&ant hedredb@itn i9 etforddednifiea hindideabaieht Si3%as or
nor e t han about 94‘521 nmore than_ about 95% or nore than about 96% or

more t HMUEREEIP Ay dBidenkihas Rarhabioin zigg hpraby diig. detip by 1aanBoRivg90, or
nor e tr}g,tan g%gwgg?o'}({ﬁ chde'E?"s@dlﬁlfﬁacg ‘?tgg&{)hﬁglcg% I n ot her enbodi ments, the

inpuritrres 1nt |na product ar ss than 20% or |less than 15% or
| ess t HAMS]0% l[moandtles snmbhdimeénthoredhesm it peniordddd voith & beand, MamB8e, oral ess
than 2% or |es an 1% or less than 0.5% or less than 0.1% In other

h 0
embodi MRS COPREX; Wfﬁﬁ‘rﬁstépéaéletrt?uf rsluémfr?en‘iﬂm Yoduct are | ess than about 20%
or | esqobdan abpstorde? UnbBlinied® Shd RACERAY be ke dUecdhBSfentiBA, SRR ap% OF

| ess than about 4% or |ess than about 3% or |ess than abolut 2% or |ess
t han alsieetron @pnersuklegssadnem, lghioom, p@taswmomag@ssslm,ham almodke] o avalgams ot her
enbodi nts of tocols or erivatives

Che 11 N epradticereBPEt bha S8 pRBaEH Pl whERTh Bictk shEER R S ATHER 12

2% | essscdhbBsy 1ifdid hi@E®nia, or such as ammonium salts or carboxylic acids.
[0047] 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 §0% 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%. 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 93%,
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 less

than 20%, or less than 15%, or less than 10%, or less than 5%, or less than 4%, or less than

-14-



than 0.5%or less than 0.1% In other enbodinents, the inpurities
consisting of tocols or tocol derivatives in the final product are |ess

t han abouwo02%40/d5e3 t han about 4% | ess than about 3% [PesgSké06bDUt 2%
| ess than about 1% |ess than about 0.5% or Iess t han about 0.1% In one
enbodi nent, the invention provides a nethod for |arge-scal e production,
enr i chm¥%tor lexidhasr 2% st lassitean b ol lptidbangdoter pelssy thag(dfe-alet figint i ti es of

mat eri gy lfo%ﬂﬁé}ité“tﬁkgmgﬁﬁ’ﬁﬁ@s fnotﬁ‘g}fﬁlhlﬁ;ﬂgéiucgBrqusr%ﬁﬁ?&boﬁp2@%atgﬁﬁssacflaﬂ aat 100

gr ans, | east 250 | east | ogram at
| east 215l% oo dgrsaien adbutl lé)ﬁ@tor&skltham@foamtsi%mr leds thamaeboutl 97 kod loggrtharsgbont  at

at T cactoaisdtin GOOTGHLAE, o bHNtbouh b ofieRt PR Oart g RS tapaiey”

kil ograypg, af O{h%@%b@cﬁﬁ’kﬁtsSthK'lﬁlﬁﬂ‘it?éﬁonQﬁH%tofltmoﬁggﬂﬁeﬁgatﬁf'eé pomans. The
quantity of material containing al pha-tocotrienol can have any purity |evel

as reciftradiptrdnetiane 1efOGABP %, hess thrmw 456, letséhabiv elesrethai dfretisetbodfmidats, the

S AR N T S DR T R e

purity. toécn d@ﬁeatﬁebﬁplﬂhamm, pro&i&:t GRN¥AItRArPAbodf 5@ RRAthLA GBSt I46# Bss titn
al pha-tocotrienol quinone is carried out under buffered condi tions. In one

enbodi ALt 3Phlessobart ehouaAd) &ss Bas abewpi%oyes tanrabeyt ¢ afvarreisshangibout _
al pha- t(P Wt %gﬁ'é) %mf)c?dl%tegp fhe 18&6?1&10‘6?%@1(169 l’cltl Iﬂéﬁﬂgd fo% lﬁﬁg a @%ﬁﬁ& %t e, sodium

hydr ogen car bona assium car assium n carponat e,
phOSph&hlﬁclj)méﬂtedind/@flsﬁﬁlyoﬂnﬂaﬂplfaetotcﬁ’trlalml mbaoqﬁamneoéf mwnana)lrcomﬁlﬁng)f t he
forego buffers 0049] In any of the enbodi ments above, the processes of
the in arteﬁoteawly& at laa%|59r$aa%@bkea$té98|graq%ﬁ Ablsast 3P0 grag- pUFIE Y0 | n sone

enbodi , [ ange of
om0 g A8 PG| 1654 D05 s CORRRE P e Syl Eos

99. 9% drnt bostmbentiddirammtas leastabopul(( grains, at k%%ou&%ﬁjﬁgr@msmmmm BOU t 0

about 9% or jn t of a out 850 about or. in the range
o aborb 0 gt b abous BFerah. SIS e bRt s gy S KAt b 096

I N somey ebOHIEN Elogtri}ﬁs PHkd (ﬁdénhﬁy dmﬁaﬁeﬁzh%entﬁﬁlﬂﬁg Qﬁha[%@trfeﬁ@lrbaﬁ%(% or nore
than 90% or nore than 91% or nore than 92% or nore than 93% or nore

t han 949% poritynord as emtedBefeiror nore than 96% or nore than 97% or nore
R P R S T T T R
nore  optional step, wherein the alpha-tocotrienol of high purity is oxidized to produce alpha-
tocotrienol 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 alpha-tocotrienol to alpha-tocotrienol
quinone is sodium carbonate, sodium hydrogen carbonate, potassium carbonate, potassium
hydrogen carbonate, phosphate buffer, or any mixture in any proportion of two or more of the
foregoing buffers.
[0049] 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% 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%.
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t han about 90% or nore than about 91% or nore than about 92% or nore
t han about 93% or nore than about 94% or nore than about 95% or nore
t han abowo026#0sm77nor e t han about 97% or nore than abeair/US88dp/06221210r1 €
t han about 99% or nore than about 99.5% or nore than about 99.9% In
ot her enbodi nents, the inpurities in the final product are |ess than 20%
or | esdneAmE embogingnty, epuritnis Mess hasraboast0% +pymaedhagabpaist % 14mAs, or

less t Hﬁa‘[h Bt %! &%ﬁ%%hgéh @t 1% &SFokMRIh dbdut QZ%Tﬁﬁﬁ? f&ﬁa[ha@)oﬁ 931 | ess

than 0.1% 1n other e nts, the inpurities in product’ are
| ess trmmnc&bdwin aP066 946k, dr esge thmambalhicﬁjt% w%orothahebeutt%am oalmzun@ thb8% or

| ess t han t 5% or SsS n about 4W ss tha % or |ess
t han ab%avt 9 ’%anrﬁéhﬁntaﬁ%t %lﬂ My than 3 8%%9 0]1?16%%6 8%9 %1%¥ss than
about  Qnd%thdihRtNey. 9%”@9@t1fé?8&1§@dlhﬁﬁts'ﬂm%]bﬁﬂ1€e% i RS bﬂﬂlué’tfaré Reol s or
tocol derivatives in the final product are less than 5% |ess than 4% |ess

t han 3%an 2%, erHess theg 13%sw lmalmnl%%,mé@smmrﬁ% @%&srthan% QrH@as tanl % | n

ot her odi.ne es .co g of t derivatives
P he Trrstes M act Sk TR SRR 808 oP bt B B, T obe t haun
about  3abddaasntd, iidinaheidies #%he Fiasisprbda areditthdiPabouesen! frapssah@idbodt 5% or

| ess than about 0.1% In one enbodi nent, the invention provi des a nethod

for | arigée Sese tsnoloet K05h,or &3 FERRERY, S%re/ie Bagolbae . fless than about
21 pha- LOPLLSAR LPORC SUSARAPRAL LSSl o Bkelor SA0LALOR.

al pha- tocotri eno qui ke o grans,
| east ZBD%g Taowher ahb(bcﬁﬁlshtsﬂﬁé) igpaites cahsmtﬁ@sdf tdcokd draged mpriedtiveeasthe 2
ki | ogra at least 5 kilograns, or at least 10 kilo grams or at |east

about é@laépmct a4¢ leppian S%é%ﬁ then g Fyrlastehansd % lesssihan %u%esszélené%#&ss at
| east ahopp. 55 {hgsrsq 0.8 'Iﬁ%ﬁfeoeme&lm%n{g' hteq.laqgmm@stcohﬁ%{ s &r

kil ograns, ast out gr ans ast about ograms The
guant i ttycqifdenmmnes al the @mh]aprndlug aml lp¢sathocadtont é%oless:]ﬂniam ahtalté%) ldfsa\ﬂmnany

Compr | S e it B e MG AP BHHC BB Bodl BE B P bnol
qui noney, Y%t M Hh@érﬂﬁ&dlhﬁﬁ‘t”ﬁfe' 13%n't1@ﬂ lpﬁfvﬂe!@% HAHH ?or@é}gg-&a@é pltoﬁﬁctidn' ene

moi ety. In some enbodi nents, the al pha-tocotrienol qui none,
2-((6E enOEI}m@Rhgmi/myolatlon of alpha-tocotrienol quinone, such as quantities of material

Pt eneicoRihg SR TRPREGT TR ot el i PR B a0 506 ot

| east abewt, 29Q%Ust 50 draastat RaGUtkif%m al 1daseBkilabadt, a296%t tildgeasd, opout

% atlezis? ?8 Lllggbrgrll{[s 09r8a(‘2/ eagctablogtaSSOt grgr?l(s) uz;[t le%g:/gbo%‘E 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-
tocotrienol quinone can have any purity level as recited herein.
[0050] 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-trimethylcyclohexa-2,5-diene-
1,4-dione, produced by the method comprises at least about 80%, at least about 90%, at least
about 95%, at least about 96%, at least about 97%, at least about 98%, at least about 99%, at
least about 99.5%, or at least about 99.9% of the 2-(3-hydroxy-3,7,11,15-
tetramethylhexadeca-6,10,14-trienyl)-3,5,6-trimethylcyclohexa-2,5-diene-1,4-dione material
present.

[0051] 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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| east about 99.5% or at |east about 99.9%of the 2-(3-hydroxy-3,7,11, 15-

t et ranet hyl hexadeca-6, 10, 14-trienyl)-3,5,6-trinethylcycl ohexa-2, 5-di ene-
1, 4- di onewoabsrvisad77pr esent. [0051] In any of the above echaseementz]2t he

oxi dation of al pha tocotrienol to aI phat ocot ri enol qui none can be perforned
with cerium (1V) ammoniumnitrate, [0052] | n another enbodinent, a solution

of al pH803%cot i werﬁmbﬁwnt,.aﬁoyt@amﬁ alphaderotrians! agapRoHy sQleny such
hept t
n-nep aa@‘?sog Qf?acga%%t, Hfh%g&[} , cf$vmt HMé BERbAL }(ﬁEBi'eHQ aﬂ@ﬁ-ih%gﬁne ;s pREAC&H, on a

chr omat ogr urm packe silicag e si an cont ain
bet wee rchahmtbglﬁpliy ccﬁﬁffnhy)av]@idqﬁth snhcasgndh Whe Isdadzt o¢jenn camtbmﬂm\ecensaﬂ:om (ak- about

0.5-2% 1% di u en.c ona The
al pha- t@’ by eg%r}tSPPa‘lﬂa droghn by 3(’\g“l' ?éHC ?S OPHg%%%d F’X el Pf\%@é&%%w
sol ventys, wabkibrasdilm BRIFGIE calDARE AL AlpRh W@ tridio] HRROAANE be eluted from
i sopropyl acetate in ratios of about 100:1, about 100:5, about 100: 10, or

about 1DOsilisa géﬂﬂ%ﬂH@@DWéh edlveh.uurioas mhelatalpm asopogotact@trobr Qui none can be

concentrated.to hat oco rie ui.non i u 't . In
ot ner BBt oA e Rl B BS ST A dneh WREE T MHRL B oY peh 03 S

al phat opfteéRRAM SGUItBARE aPAR- AR tRNOOYEAEhSInHE BnEdniigled t@gfvfempmnce of the
met hod, that is, with a single iteration of the steps of the nethod. [0054]

In sondoeattiensl aeinpse ofkigleseni bed in Figure 3, the process corrprl ses the
t t . Sl.: t
non i Aastio. bl ARl WheBem AR it Ale SlatfECor AR RHBRIBY oRRE' D0 one

or nor eocwriersd] phidoh©c tse frodudet ueidd asirgeld pertdrimanad ofghethethod, thheisfwilea S

and/or 7 positions of the one or nore non-al pha-tocols; 3b.) separating the
one or Sh‘%ﬁl%ltﬁéﬂo%prtﬁésieﬁﬁz%ﬁthﬁmﬁgl%ues that have been functionalized, from

the al F[gé‘si 1ocofy éo%ﬁlé’émb&cf‘&e&@tds% ribll AR g&%mﬁ&te&@&nﬁh&%&h@%@ d ocol

conpounds that nay be present; 3c.) optio t her arating
al pha- tacot ri enol i n t he m xture separated in step (3b) fromthe optl onal

al pha tocophgrol and. oth non-t ocol ounds; chem cal eactin
Eheone or nie. B BN SRG PNCES SHEPTSSR HERSPBE ISR Bt ieolfeRst ' M

al pha- t\gi@plfilaBRAbkagents 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;

3b.)  separating the one or more non-alpha-tocol homologues that have been
functionalized, from the alpha-tocotrienol, the optional alpha tocopherol and other non-tocol
compounds that may be present;

3c.)  optionally further separating the alpha-tocotrienol in the mixture separated in
step (3b), from the optional alpha tocopherol and other non-tocol compounds;

3d.) chemically reacting the one or more non-alpha-tocol functionalized
homologues to give alpha-tocotrienol;

3e.)  optionally combining the alpha-tocotrienol from step (3c) with the newly
produced alpha-tocotrienol from step (3d) to give alpha-tocotrienol of high purity; and

3f.)  oxidizing the alpha-tocotrienol from step (3e) to give alpha-tocotrienol
quinone of high purity.
[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 been functionalized.
Filtration can be performed using diatomaceous earth such as Celite® or any other method of
filtration known to the skilled artisan.
[0056] In another embodiment, step 3d) is followed by an optional step 3d1), and/or step

3e) is followed by an optional step 3el), wherein a solution of the alpha-tocotrienol (in a
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3e.) optionally conbining the al pha-tocotrienol fromstep (3c) with the
new y produced al pha-tocotrienol fromstep (3d) to give al pha-tocotrienol
of hi gh paoi2owyosaatd 3f.) oxidizing the al pha-tocotri enolPCrrusaomie21 3e) to
gi ve al pha-tocotrienol quinone of high purity. [0055] In anot her

enbodi rrent step 3b) is followed by an optional 1) of filtering a

sol uti oRIGAt Fu5B %wéueél@ PisFaceddy-the prductigeis |®X%wﬁhé§1&é§ek Hfahe sHipeehBen
functi such
s el {10y S, Al bAAIR: EARIRR: ARG ER R R RO R
artlsadngiﬂmﬁﬁ] In another enbodi nent, step 3d) is followed by an optional

step 3 and step 3e).is followe tional step 3el), wherein a
ol ut | A0S, @1 ReebnE o (R d%?iw@#ﬁ SigRs _%%ﬁ&eﬁéfbp%ﬁ ced by
t he requ%lsggs B§1)ngd(gdaﬂ@je|])§ﬂeﬁe%ng&i The silica gel is renoved by
filtration, and the remaining filtrate is concentrated to give

al pha- t[00FS]r i eItotbne(ﬁmbﬂdghelpumms}uct{m@ﬁi]funqmoaaicgrh@r inghbtrdé end/or ot h st eps
3bl) and I oth s 3dl), and
Je1 angsiignd o R R0 PlGR3 T homAR e sk oo Rs SR RS t unct | onal
group igiovibes fof ﬁ@re"asarm&efenﬁammbﬁmmt}@ffuhaﬁmapibdaioa%ﬁaqe@dl honol ogues
conprises introduction of a grou ich provides for increased differential
sol ubi ITomplegues gempyae £q mqunzwahé‘?d %ﬂrmpaln%@dhe blerisizoptfedal ctwpgr ed to

f t |,
R R Bl e e TR
sol ubi Isidgle sdlvent Sorigdreassd Hifﬂzlﬁénﬂabfolhblhfyﬁ&ﬁ?\efbndwfofdrI’n&ﬁé isalver&@inﬂomhxddy

between two or nore solvents in a mxed solvent system In one enbodi nent,
the i ntPHEOESEA N ogeepRedingg thginggpugtioniahe fwa%@nsl A Brthy fi68si ti ons of
the no { doubl e
bonds. BB e o e e o e P I e i 1R ot on
of the d;lmbbll:@nb@pndsenp reweotienel cbmpotlmdsamdlor&ompowudmng Ilsmnwmeammmfdhﬂe nt,

the ste Blf mcaII reactl(ggcthenn-al b f ctlo(%a i zed

homol odtvd8leien ?Br&EFd“é LIOHRECEIEOMPPENGT T §NG e Pr‘ﬁf‘}e% st Llici ng

t he doybl&inb eRdsoPLIBRLRE I find RMALiFddadRol 6RIER RYREauRNIAIRL tokb BRIt Causi ng

i sonerization of the double bonds present  in tocotrienol compounds. [0059]

| n one asadyoplished withphiereduaing thedalble dpndspresent int tooritierd chmpamdsandlokyl at i on

without causing isomerization of the double bonds present in tocotrienol compounds.

[0059] In one embodiment, the functionalization is introduced by amino-alkylation
followed by acidification, thus converting the non-alpha-tocotrienol into the corresponding
amino-alkylated product and converting said products to acid salts. In some embodiments,
the functionalization is introduced by amino-alkylation with 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
functionalization is introduced by amino-alkylation with paratformaldehyde and 1-
methylpiperazine. In some embodiments, the functionalization is introduced by amino-
alkylation with paraformaldehyde and morpholine.

[0060] 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 §0% 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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foll owed by acidification, thus converting the non-al pha-tocotrienol into
t he correspondi ng am no-al kyl ated product and converting said products to
aci d sal two20r/sm2m2 enbodi ments, the functionalization iPsTiusecoteorer by
am no-al kylation with a fornal dehyde equival ent, such as parafornal dehyde,
and an am ne, such as a secondary am ne, such as a cyclic am ne such as

1- met hwr@a%é thei9ede. opimsss fhap r%%@ Pr FoFORAR PR%: of Mokdhan 24foRf TeistEan t he
functi apal Fﬁdr%ahs;sb/mof AUC&dn BY 281 &er@tlhmgﬁ%o Br }MoPé‘tthf‘P%%. nigl dehyde

and 1- rret hy I peraziné. I'n sone enbodi nents nctionalization is
i nt r oduoed drx;bodnnmaltlhw;btatty m’mwetthatpairoaf 8 dpdrdedrydeareatduniphaimae. [ 0060]

In any of the odi nent rocess he i nven n c yield
al pha- t %%W“éﬁ@%) ‘Eﬁmﬂ‘iedﬁa aﬁ%ou{ % 01‘?f %rﬁéh%ag’(?&? ﬁt%rm‘frﬁéhablﬁg’o’cl % in the
range o n@Q¥aiaR a88at4% U nidte HHG abaMIB B for SRYE HAn ABo@ %690 or nfbrk fHanr ange of
90%to 99.9% or in the range of 95%to 99.9% In sone embodi ments, the

purity abguf 97% hzé mea gfengboat i, @@%rc @haatabgmt B, 9ygmave than abpet 993517georof

about 85%t e.of bout 90% bout 99.9% or
DO e etk yarfiEouf o e df ofter bBbIEROE b BRD aichilel ReRpetthe s por i o
i's nor &h&rhm,&&%ss%amqe, drhén tlga'i%o%),rorflf&rs%énm, 2084 tiedn 40y & 18RARan91% or
nore than 92% or nore than 93% or nore than 94% or nore than 95% or nore

than 963% @riesihan 1%haer 1gp9hanol % nesriesstthan-08ypr lsps ian 8. 1fhale @55, or nore
h =
than 9 v Bl O HNARC: A¥5hrb SO oLTRRUMIPICR: 200 AU didufror ©

t han an a or nore or nore
t han abiegts, 09 1%s thah aboiite] OZhai 1 i a%ﬁrﬁS%Jorﬂﬁfs&hatn%buﬁbbp&r 183 %harDsboor e
t han about 94% or nore than about 95%27 nore than about 96% or nore

t han abtaitordssgthasrabrit &%t eidpssdhyuiboygdie Brrleﬁsothén a0 60 9 198 8han@Povtyr e
than athP% 9o Ehé?eerﬁl ocl 'éﬁ‘tsttg@ﬂnﬁlgﬂ}gs c%gmgtﬁ;% Jr @oé?)tlsh(ﬁr to&ﬂiagﬂuf { fy tpk e

inpurities in product are | ess 20% or less than 15% or
| ess t Haral ﬁzﬁ%lct@tre lessthah hén 16§/¢haor4% des thdnaito AkGs tban PBs kst than 13%deser | ess

t han 2(V o r |.ess n 0,5% .or l.ess than % .1 n other

enbodi eﬁsr{ﬁ*ﬂlr‘%ﬁ/e:[n OoHer ﬁ@ 1H§Pts Yﬁﬁd@BP“%?SeCOPé‘é%ngt‘FéﬂCQ&%%t 20%
or |esstoéch@@r1@sﬁ%§ intAGinQ prb@R$ afehady tﬁﬁgpéﬂoug-@%? 1e9¥ thaR §Bodt N8R 1@ e 5% or
| ess than about 4% or |ess than about 3% or |ess than about 2% or |ess

t han abbatt 3%y legrthhreglout R%n leabthan aboB U7 dess|thansabohe® S Zbardess@hamabonh ot her
enbodi r’be rivatives in

he 11 Nl eprboticeARgbe B FERRLTH PAE s hRSh By ek S AR oS b

2% | essrith@bnt18d/dréSSation of alpha-tocotrienol, 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-tocotrienol can have
any purity level as recited herein.
[0061] 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% 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%.
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than 0.5%or less than 0.1% In other enbodinents, the inpurities
consisting of tocols or tocol derivatives in the final product are |ess

t han abouwo02%40/d5e3 t han about 4% | ess than about 3% [PesgSké06bDUt 2%
|l ess than about 1% |ess than about 0.5%or |ess than about 0.1% In one

enbodi nent, the invention provides a nethod for |arge-scal e production,
enri chr%éﬁ?meaﬁwpélﬁnq%r%nuaﬁy BIMYE plrva BSEY4% et dpore rilbagt Grflinqres of

mat er | %ar??d?) %‘96‘7 NG AbRNA! 83%9} 51! 1891% tRin a{b%ﬂ§§2 lﬁarﬂaéboh?@s% 100

gr ans, 250 gr ans, east grans, eas ogram  at
| east z)rmndrograambputa&4% emmorStHamlabgmta%%, oD magé tHaaabbutm%glolrﬁgxraﬁmn or at

| east abou r ans t about 0 ra . at | east about rans,
at | ea?g ﬁoﬁ Q%G%Praﬂéf‘ﬁs@bo‘é& T4 My 'rﬁ%g@roémor%f I a4eyt 9§ﬁ’t°

ki | ogr afygre Rdn 4888689 84300k oﬁwi‘bﬂn@&hﬁﬁﬁts @k uﬁf)ulllt%%ﬁﬁ t}ﬁkﬁﬂéﬁ pldfduki drO@k@ms. The
quantity of material containing al pha-tocotrienol can have any purity |evel

as r ecithad2(fer@iless thoobip, qrdeﬁmlyanolfo%ml@sﬁiﬂ@m%mréesab@né%mréeqsﬁhﬁnesses of

the inv an tr| no, ne. o purity. In sonme
o e O B e RS e B o R PS80 dR Pt Ve Tamae of
85% t 0 PhoAUmerds, thdlinipiitieali0@e ﬁhal%%/aﬁc@ a&ae&%larpibolum@% €or1843BarP4bodb % t 0
99.9% | n sone enbodlnents the purity is in the range of about 80%°to

about 99%uy less than abpet K04n g less thapebeusXsh, ardessserur aboat 46, ordessithar #houf ange

of abo 909 0 r % 9 9%

I n sorre%% Qgg ts(?ha %%tt%g (%{%SS%adl %otrlrlg?% ?ﬂ%& t%%/%) OQlltlbr?t%rse ﬁ gtb‘llg)/o 1?or nor e
t han 9094 %01n nmEEemh@dimQﬂ.t% the Iimpiﬁﬁt&stcbﬂﬂ”istﬁ%%f tedol@rtecdl Idalriveei’y% 1rDtIhe nor e
than 94% or nore than 95% nor e t han 96% nore than 97% nor e
than 9g9al Biodkghae a0 3% b tHBAL ifarihaios bolpssghae e lcondmn 96 &5 | n- some
enbodi R 6 %té}eles%l{ﬁa{&o’l%s IH‘BE r b8 dlﬂ{%%t th%qr{ﬁ;uﬂﬁes%h s BRAYUL 85% or
nore than about 90% or nore an a out 91% nor e out 92% or

nor e thamlalbnwttw%%thelﬁnamedudnanlaiscthanzﬂz@%S%r lem)ﬂmnahfan 4%)(1»@5!5 tigmoqy or

e 1 nau R esaBen it B Best AR BBG e detsn o Eol Sl Mot os. 0% 1 n

ot her epadiiend &nb&&iﬁeht”ﬂiéﬁh&én%nbfbxﬁc‘ﬂﬁ afh&8bd RJr @ /g@fsca?é ﬁrohﬁ@t?ont han 20%
or less than 15% or less than 10% or |less than 5% or |ess than 4% or

| ess tHmncm%ntoand/@ssolathmrpfz%hadpwtegsoltqhm@ni%lcloas 41®Q9t1@mfrmz{1615@lb or |ess
t han 0. 10/ ur are

oo L isaitaiBe A BB E R LG MR Dot G 1 o0 " 3 RS, o
l ess t @&n@ﬁ@lﬂast@m o@dm4, @8 Ratthanlcabanitat 44t DkildLsSs, b RAst@IEgrams, 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-
tocotrienol quinone can have any purity level as recited herein.

[0062] In one embodiment, the conversion of alpha-tocotrienol to alpha-tocotrienol
quinone of step 3f) is carried out under buffered conditions. In one embodiment, the buffer
and/or base employed during conversion of alpha-tocotrienol to alpha-tocotrienol quinone of
step 3f) is sodium carbonate, sodium hydrogen carbonate, potassium 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 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-trimethylcyclohexa-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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3% or less than about 2% or |ess than about 1% or |ess than about 0.5%
or less than about 0.1% In other enbodinents, the inpurities consisting of
t ocol s orwbDaewlostEri vati ves in the final product are | e®STiUs2009582212 ess
than 4% less than 3% | ess than 2% Iess than 1% less than 0.5% or |ess
than 0.1% |n other enbodi nents, urities consisting of tocols or

tocol dBPRYRT A deastaboRgIG% rs least %19’%97 Ar ¥ lgaskabouh Ao adenst Sgut Pe%sat han
about. 4% bz ob Ban AROLy 3B6uloBe: LIAP ABANNIAY3 he5st han about 1% | ess

t han about 0.5 ess t han about 1% Tn-one-e inment, the invention
provi destraneteylhexhdbor-6 .16/ gerisndl- 2,56 wighath yloyr]ohena-Rchdient- ], 4ahd1Aa)mauesaﬂl ation
of al pha-tocotrienol quinone, such as quantities of material containing

al pha- tBe6Pi enol qui none of at |east 50 grans, at |east 100 grans, at

| east 2pfegr ampy a@oﬂtﬁ@%ov@@%b@ﬂﬁi’f@iﬁs ﬂ{edx@@a‘%ﬁ)n%f Klphﬁ’%c%'fﬁen%l td ARl 2
kil ograns, at least 5 | ograms, or at |east 10 kil ograns, or at |east

about 50cognafml quigong eemshe @bfmmeqwh@pam,(l\éiammasmnamaa@ 250 gram; at

I t (g i . t t

i - ogr G651, PP RisabatP ias G of s had BT bbb B b Ruh. The
quant i tag 1§B‘prc@ua@eta&l nGRPiadk, rathﬂ@ 8t REPLpYIaRRAte Ghd RIRPtaBANS PRAYE] &Y
purity |level as recited herein. 0062% I n one enbodi nent, the conversion of

al pha- tbeundtpPgiaphy ¢eduan packed s yiliemestl. dhe ﬁbﬁ@g@fca@ cepapbetyvesnehpvt Gl out
under gg; %gr“(;‘e(ii h(f(apgdcﬁl'u%rﬁgdrog? er%%l?ari%)%gé r'ab’ou F%Wﬁl ?g( oup f5c

enpl oy conver si oco ri eno ocotri enol
qui no nebyafzelghte:ﬁ s8dium h}ydsmmwmb@aatbo Mt alphsmaﬁoumnhqulﬁgn&rba@aremned from
pot assi um carbaonat e, potassi um hydrogen carbonate, phosphate buffer, or any

m xt ur €h¢ pilighgelf¥SHaP WEh selvertasush ahinheptae. ﬂW@r@de}aé@faten@r Buffers. [0063]
In anotyy {anéﬁg*sgﬁi @Etate lﬁ?ado%?%émoéq%du%?@oél zﬂ%hpﬂﬁ)f o i 6619,

al phatoc trien o al pha-tocotrienol quinone with mnimal 1sonerization of
t he douBlegetedsl sofutivhef tiphenecomxnet yuindme corbe centemtiaeEnd givetatpha-

al pha-tocot.ri enol qui 2- ((6E, 10E) - 3Rhydr oxy-
3,7, 11 t?‘%‘)t’fl%‘foi ﬂ??ﬁé“ﬁﬁﬂ%g 6,10, 14-trienyl)-3,5,6-tri net hyl cycl ohexa-2,5

- di ene-[0de6y- di NghotR: QHIBEERY, tﬁ@ﬁ)ré?oh{%)@aﬁﬁﬂw éﬁ%a&%eétﬁ@iﬁl oRRpHh- 80% at

| east about 90% at | east about’ 95% east about” 96% at | east about 97%
at | eagocaabensl q9B@%ke edn beemgducadaﬂamg aginglaperfarmenceadfche methog9thais, witth heast

1471 r i oS MG eutES B NPT S BOR . 2,5 i ene- | 1. 4- o one material present.
[0067] In some embodiments, as described in Figure 4, the process comprises 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 introduce 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-tocol
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-tocotrienol from step (4c) 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.
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[0064] In any of the above enbodi nents, the oxidation of al pha-tocotrienol
to al phat ocotrienol quinone can be perfornmed with cerium (1V) ammoni um
nitrate. WOQ6BJoskzv7anot her enbodi nent, a sol ution of al phaASe@osizenol

gui none, in a solvent such as isopropyl acetate, n-heptane, or a m xture of
i sopropyl acetate and n-heptane, is placed on a chromatography colum packed
wi th sifiilt@gogemn berprafagmed gging diatemaregpntasthrsupla eneelie s ahy other msthohpfwei ght

of SOdiﬁinat%(ﬂlE Of}ﬂm&ﬂ@éﬁﬁ Such as about 0.5-2% by wei ght or about 1% by
wei ght of sodi um hydrogen car %ohate. The al pha-tocotrienol quinone can be
el ut ed [00@&h t hén sidther amjpelinkaHGCEP 4d) isHfoBowwdby sn optimmial step Ae Hewhanim, a

i sopropy| acetate, or nheptane; isopro acetate in ratjos of abqut. 100:1,
about 1%51.@}1_03%&113 ooCaHen dinisitent bt s oleene) picbed Butesrdiefion sor

al pha- t9Ge4 WidNAlcael. "PREI LA D ©RRCENDY Altefioh Oandi Neredl AL Bipl isenol

qui none of high purity. [0066] In another enbodi nent, the foregoing

quant i tdossentifated] tp lgtvetatot toc@rionol of heghpghisityocot ri enol qui none can be produced

usi ng i gl e performance. of th th t hat,.i s it h single iteration
of the 0P CHPiRuRERRS - pocth Wiy et LRy afsasiiotReds doqcr t bed pn

Fi gur e [§071]he Pf REHSHDNPHt $8ToANEsiSA BPApRL-tocdRicholl tBaGIhatGcAri@I M oi |
extract m xture, conprising at |east one non-al pha tocotrienol, with

am no- auiaAngof pigp 4geritcarrigdiawhudelr butergd conditipns: Ha oppembedimspt the buffer

non-al p S i Dt - ' 1 ' € 7
g R e B I N R

pr oductssep 4f) ds @dlivin sabbsdte, Abdunsligypiac gehi caghonhte, guessiuin saybenate, potassium

non- al pha-tocotrienol acid salts of the products (fromstep 4a) fromthe
al pha- thydergen sabrnatgiiosphate bffskaLr1a8y érﬁﬁ@f%m AN PIORABPN POt B EAre ©bMSounds
that gy Hgi r%E,%&t; 4c.) reducing the one or nore non-al pha-tocotrienol
functionalfi z c]j:) onol ogues (fromstep 4b) with a reduci ng agent to give

al pha- t[6@&]r i e hodbnecdmbuidgynegumirtbgyctmndf 40 animxildi ziaug it He fadeghand/@cot ri enol

o o aeh b 0 hud GO S5 Shadui o oL Al purl oyl 0geel 1

filteriR@fictionalized 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 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-tocotrienol is accomplished without reducing the double bonds present in tocotrienol
compounds and/or without causing isomerization of the double bonds present in tocotrienol
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-
methylpiperazine. In yet another embodiment, the amino-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
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solution of the one or nore non-al pha-tocols honol ogues that have been
functionalized.Filtration can be perfornmed using di atomaceous earth such as
Celite(r)wonommsiorher nethod of filtration known to the@CIKiskéoeaernti san.
[0069] In another enbodinent, step 4c) is followed by an optional step
4cl), wherein a solution of the al pha-tocotrienal (in a solvent such as

t ol uenePryrYagarly erlvnAeackedth %hcq gelnlRedliGh g¢ an FoRaingerveerigodil-fca gel

is re @y%&%ﬁt lof E&ﬂl}]rﬁ@l];ydﬂnﬁg?]Eé}ﬁoﬂa‘%é”%thoéokgaofoh 6.5 20L %ve%h@gleahru@tl@d -

glvea atocotrien purity In anot ment, both
st eps Aiy Woightrd sddiuf) hyairegepenfbonaed The 8pHdjodotriawbqenbiediamdete]utehiom

conversjon_of al -focotrienol to al pha-tocotrienol quinone of step 4d) is
carrie L%ﬂp%%%éﬁ)q&é)? ‘é(FEdO](YSlHa’lsPFlbﬁ%g Flﬁta‘ﬂﬁaéso@ﬁ?@gi ﬁ‘gﬁt THhe buffer and/or
base e%b%@%ogwf&&getﬁ&m{%tﬁis%@ aBdurabonaadRE 006:5 &MLt f®: A, BRAs@G 0815 enol
qui none of step i s sodi um carbonate, sodi um hydrogen car bonat e,

pot assnmrcmmapbltlop@tf ah)bammomqnlpbg@nomﬁanabdmﬁpecenp‘at@ép@ give alphiaf er, or any
m'xture[ %ﬁr;r O?[r@ﬁ 9 orﬁilﬁ of two or nore of the foregoing buffers. [0072]
I'n one SFBEEHMERNONT Bt MBRAL Mon of an aminoal kyl group in the free 5 and/ or
7 posi t[oe7s of Inf &y sTARe ahPGBmeRE aboVtO R RE:S Ses I hd ifl@sntibalcah Relased
differential solubility of the functionalized non-al pha tocol honol ogues

conpar édphagoprsricnal ot highrarity el semesahediments. threpwita i inree imageet #1% @our ce
mat er i alg, 9(Pror%ttﬁegrﬁ15$e Jf%%% [b%s?@%egr ﬁl't{lé I%Elgé‘laf Mo 39548k | F%ll tﬁ?Pan & of

differential sol I ner éased nti al
sol ubi 195G tdo%. 9% e in 'S(Wﬁe ennbmnfrrenspﬂhv@nh@ is i therhngehf abOMBIT Bysoem | n one
enbodi nent, the introduction of an am noal kyl group in the free 5 and/or 7

posi t i 9% orip&ieTaneeapiARaUE BB o MNP DY e st mstgaeaél@ﬁﬁf ke 40 to Rbent
reduci ng dgpe, rqﬁ’%'ﬁng@ Q??%Tﬂoﬂt 56681 ' 8Dk ARTBMEIES i 3{1/ @y isW T hout
of t ou

causi ng i sonerizatio bonds present in tocofri conpounds.
| N one reododltinn&)¥%,, ortninee shaaB56¢, or edue ihag 90fe onmmffaﬂhpinalffooonmofeu:ha:n Ppal i zed

honol ogues t ce al pha- otrienol cco thout edUC|ng
the. doytirer JHao G SLai T Oago0t Mol SiibothaBreaieh 7 ot R Gausi ng
I somer igat iR R Hal®880 WP hRrb@AASR, 8580t thin HOSGL bi IR thﬁﬁ)gpgt%ﬁd{% [0073]
| n anot her’ embodi ment, the am no-al kylation is performed with a

for mal cﬁ@hyct@ﬂ@qlumm éhﬁtpursmmna@ ther alfoot 8kl derhyoie, thamaboah8fi eremorsuch as a

seconda%fla/n 2‘13}:) p So%sgrcgor%%h% 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 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 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 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 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, and/or isolation of alpha-tocotrienol, such as quantities of material containing

alpha-tocotrienol of at least 50 grams, at least 100 grams, at least 250 grams, at least 500
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cyclic am ne selected from 1-net hyl pi perazi ne, piperidine or norpholine. In
yet anot her enbodi nent the am no-al kylation is perforned with

par af or neWwoehywds1znd 1- net hyl pi perazi ne. I n yet anot hepCardsoaomeart? t he
am no-al kylation is performed w th paraformal dehyde and nor phol i ne. [0074]

I n anot her enbodi nent, a solution of al pha-tocotrienol quinone, in

sol vent2&met kst Iskinesi adesstd kilograme st g, S lifoszams. o atlsasil0 Kilograms,
| SOPr ORyl Bl ibBu ik in AR A0 bolS10Y AGY. LikACMORMRIOALARNK 1Ll 4yl packed

with silica ge he silica gel can ntai n bet ween about 0.1- 5% by wei ght
of sodiidhgnyds, cagbastca.boimdn]adc%rammIheaatsatmluoﬁkﬂﬁ)grﬁmZ%tﬂgasuwoghﬁ kiogratpeuir 1% by

wei ght o ar bonate.. The pha:-t ocqtri enol i none can be
el uted aﬁﬁ‘?&ﬁ’i %ﬁéwlf%é Bl Wa%@@fétyvﬁftfﬁat%r&%\?%@@m% ghp- @goweﬂg'ﬁ@aﬁéve

i sopr 0%8%%?1&331%6@1 Qheddgptanedsopropyl acetate in ratios of about 100: 1,
about 100:5, "about 100: 10, or about 100:15. The recovered sol ution of

al pha- {[007]r i e hohnypfi thoproceaes five theqmedustipapédlpha tegoueenal gHaerwatsseritedol

gui none,of hj urity. [0075] I.n _any, of .t he enbodi nments above, .t.h

o o0 o0 bgve, thleR feshtient dRiney o ¥ Pl T SURF PIREes A RHRSY S Ths,
some el sTIYS o 9998, R tHeltahge dfTB5UN® IBNGLInGhe B¥e bPIOR-t9%9%0br inthé he
range of 85%to 99.9% or in the range of 90%to 99.9% or in the range of

95% t 0 r9eEeu 95 ntosWfe Bniont Rreersses, the@upit is tyorg §apB0fh or meprghanB5%bout 80%
t ange ahorttubosgionnt At AGS S lorE AN 0260 AR ootbphan kS

99. 9% drmn(ﬁ’elmnmi%ld)lr ené than 086, ptifmotd/thhs 9N er Itnbm“th&i)%%pm moteehdrhan 85%
or nore than 90% nore than 91% or nore than 92% or nore. than 93% or

nore t WAIT-P4IHOTE Fhaﬁ19r9e50/€ rﬂaﬁn@s%an&ﬁ Yor B @th%rrﬁ@@%m@%ts B ERUHSS G
nor € t 1 &%ctoa!ie §§1aﬁ 59‘% 80f%s @in ,eOIt 1'3 (g}/q 9 00k RAE 5B D 9% I'n

sone ment s, e purity i's nore an a or nore than about
85% orthzm)cﬁ% mhlass thbmiiﬁo 0ss than A% er ]lelsmnhalaﬂ)%ubr Bi9than.5faroe lash dranabout

92% or re than a t 93‘V or more than.abqut 94% or, nore.t han, about
oson ot %1 B Sa1RE e RBa incBRathe S i coRa it dbcdrar ot drgy iR dnapoyt

98% Orflﬂﬁan%d{l&adFe RROMEN 89 %0or Rss THAR A, RATs@BRAHB 9D 9 R 1A 29D 1dsh@nabout
99.9% In other enbodinents, the inpurities in the final product are |ess

t han 20%. erICSSéI%l @ h%znorlls%thm 0)1&s sIntshang pr@%sseorthe pedtytiharthggengeof | ess t han
g:@ | g;salbf% oln%}é?’o? %&%t <|?1rel?1 he r@%‘é‘e gf/gb {8§0‘/:§os a‘tt)oh?69‘}o/8r n theI rgrslgse (%fha%guto 5%
90% to about 99%, or in the range of about 95% to about 99%. In some processes, the purity
is more than about 80%, or more than about 85%, more than about 90%, 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 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 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 quinone, 2-((6E,10E)-3R-
hydroxy-3,7,11,15-tetramethylhexadeca-6,10,14-trienyl)-3,5,6-trimethylcyclohexa-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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enbodi ments, the inpurities in the final product are | ess than about 20%
or |l ess than about 15% or |ess than about 10% or |ess than about 5% or
| ess t harwalowos42ey or | ess than about 3% or |ess thanPabaiszo@Me220z | ess
t han about 1% or |ess than about 0.5% or |less than about 0.1% I|n other
enbodi ments, the inpurities consisting of tocols or tocql derivatives in
the fi rfRPUHeHRE Leagabopiead 3 denseahout L%, atheast dmpt PE%satlenshabmnyt 99%sat t han
2% le _hl 1 ot her enbodi nent s,
T 1 st Bk S0l B e G o of e R 2S T he r na

pr oducttetaarsethgdexadhen6.40,0 ditri&dxgl)- B.6 Sstrintrealny l egwbattex 42 5-diess 1 hdoncalneotatial3 %

| ess than about 2% | ess than about 1% |ess than about 0.5% or | ess than
about Y| n one enbodi ment, the invention provides a method for

| 'ar ge- 99078 Pr MUKt éfARe e8BEdiRRAR M oiteBRISRY, tHeSRnAHpRN0&S]s BdPhBrehQEPHithenol |
such as quantities of material containing al pha-tocotrienol of at |east 50
gr ans, aformadehtyde@quiynlansandait ldastamie ap50e gprapandat theefasnulsGOHBnB(R1at | east

1 kilogram pat_least 2 kil ograms t l.east 5 kil ogr.ans r._at | eas 0
i 1 ogr SHET B an 573 efinding ARG Rgle Bt 8 e 2t S0 g e B iofeas
about ZHGHHERE andR,} BATOmMBRRU o QMEr §Fitifhe nAfogk@aSkhirR @ty ate Kbddegram at

| east about 2 kilograns, at |east about 5 kil ograns, or at |east about 10

ki | ogr dpEM athe-tengiait imeynbsredrgtaspsyglic bt @idhharyoarchialngdevingizeipPnG &7 have
any purjty e ' Fein. of s for the
pr oducttk%nadgﬁ%g%lplﬁgqréagg%% rﬁ?%%o qtgit}ﬁ%%%%genség% @g% Rélbac?yg” ? {?20%%%&

al pha- t[0em]r i enoinyqefitho s ve enbbdimegits, fierdxidatioh pf Siphe-tgpott@ss@salplidne purity
is in the r‘an?e of 80%to 99% or in the range of 85%to 99% or in the
range dPCIBIORA guiggns cay be periopaed wif§eedrmdhby) dramonign nifaome processes, the

g“” tY rogsder exd ﬁlﬂa%e@@?@bo@i%héggrtg% gﬁh%ﬂa@?%alﬁH%H%c&tﬂ@ﬁ‘ol%Q%?th—rto iéhot Nan 91%

r nore than 92% or nore t % or nore than 94% or nore than 95% or
nor e t hypunc6 Yesavibedrbereint, heamyd@9él o6 pumtyrdesdrivad he@d, car berprodutddarnsindd®g or

nmore than_ 99.5% or re than 99.9% .1 n ot her,h enbodi nents, e inmpurities
o e e P e o Bethag eipd Rt hatls: FabS ek 8ot o F seBOR bn' So%
or | esshthRthoa% or less than 4% or |less than 3% or less than 2% or |ess
than 1% or less than 0.5% or less than 0.1% In sone enbodi nents, the
inmpurities consisting of tocols or tocol derivatives in the final product

are less than 5% or | W I H?nﬁ 9 | ess than 2% or
less than 1% or |ess ?%iﬁf: . 59 ‘QS’F?@JS@&? gAl%@N(?% sone processes, the
purity [0881]n t FRuFANGE 06w ahat tleBE st @rtaidqitbcRKof @fe inverttiog. range of about
85% to about 99% or in the range of about ) )

[0082 Figure 2 is a flow chart depicting additional processes of the invention.

[0083] Figure 3 is a flow chart depicting additional processes of the invention.

[0084] Figure 4 is a flow chart depicting additional processes of the invention.

METHODS FOR CARRYING OUT THE INVENTION
[0085] The invention embraces a method for production, enrichment and/or isolation of
pure alpha-tocotrienol from natural extracts that comprise mixed tocotrienols.
[0086] The term "tocols" refers to tocopherols and tocotrienols as described herein.
[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 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

25.-



90% to about 99% or in the range of about 95%to about 99% In sone
processes, the purity is nore than about 80% or nore than about 85% nore
t han abowo020#4050277nor e t han about 91% or nore than ab®ai/i$2849/06221210r1 €

t han about 93% or nore than about 94% or nore than about 95% or nore

t han about 96% or nore than about 97% or nore than about 98% or nore

t han adtifiesgalyl Ypinghaad PRYAMAKSLAS ‘@@}1 ZoamypPnigyag bepard- ABBistla 9xgoples n

ot her egROtHyIRAhfres EIQ%IB rfu‘hl:ecﬁ-e k afnﬁ biinRd ‘éﬁﬁné‘rd‘f‘eﬂllﬁ% ih1an about

20% or Iesst an about 1 /o an out 10% or ‘| ess than about 5%
or | esdipioayl aioelt 1-d¥thytpipdrasse, NBN' ahm@thyiﬁé)thylemedhaem&e fhperidafEout 2% or
| ess t han u % or Jes t han out 5% | ess t han about 1% In
some erﬂ?’é‘i??ﬁ@ﬁ d marphql ]ﬂi‘ﬁu ?ﬁcﬁ%oﬁg IQ%PYHQ (]oef @8@6195113’61{3 eﬂB]é’B]Ienﬁérl vatives

in the Jlélﬁ@é bRf 8@%% lifted Wﬁ%ﬁdﬁ@ld@ﬂ&ﬁg fél{i)ahﬁé fbﬁ%ﬁdéh@é@ %st%xaﬂe/%ncpr I ess

t han about 3% or |ess than about 2% or |ess than abolt or less than
about (heBgnetbylehetsamingn Tabmlatl\@ mokar @meﬂt}atllon Oéni@tﬂqemaléﬁlb@d ieeintlent he

. (i J i
ol pha. 10845 TR AR e BeR eh el S BORE P R RER Bh R B e honds o
t h?( % |r5 i \?gl%i aglgh@gms tHeffe BAMRaGTHNQGhJTE BE Sminkhad al RRAohe &ild bEdghalgetiydene,

I’OX -

3,7, 11 fosetesy pg frfyqer?ém@lfeft@psmomnﬂhe fmpéwylpss Zds ifgresenirerhgthey cl ohexa- 2, 5

- di ene- r o t _80% at
| east Cl())?nﬁ)t ug%s(}?gt Wlﬂlrggaiclsefgg &ﬁ?f@&@é&lﬁ%ﬁ% eas ke%g&BgWE ﬂ%?%lﬁ e%g{ag OBout 97%
at | eagbrmadlaeitydd 8ompaient aasgthe phauit il AU@madiind (ﬁ"&"ﬁdm abautl t99b&20aroled pdreast

about 99. 9% of the 2-(3-hydroxy-3,7, 11, 15- tetranethyl hexadeca-6, 10,
14- t ri SRYIEYT Fres apmaticpesition 6y &csfispal. 2nd ifpresgat. aily&ﬂ%ﬁréﬁ‘é‘l’ﬁ‘&%dérﬂiwélw%r esent .

[0078] Jl:a‘lbt th tﬁ«% f&rﬁl% Hﬁ&éddﬂaea'ﬁhﬁe fe%g&%t& ngRgftt’a‘?J]y ih AenIANAL R Br 4QEQL S can be

reacte orma yde equi val east one am ne conpound of
the f orabuhtafoh’f NOBS fedRnihan weeliree al%nmaimdpﬂitiomroa tocrudn@@h;im%ﬂtyarsieifect ed from

t he group consi s of H and Cl-C al C i ned

t 0get hatOAL ARy R arrsyr g vl Enctr)the FembTRIGe Fos PO e EE U e 00, of ght
nmenber edofigt 85198 G b6 adoRthlish& He1RALS Rﬁ)é&%iﬂ@e by T8miAANE o AEWEd bPne, or two
additional heteroatons in addition to the nitrogen to which Rn and Ri 2 are

bonded.red@uive pmimatignyordly prérdoraizoipr o theo dlanmivhs reaghet-othie détylioninigf or
al pha- :‘Fﬁ%qtor iﬁfn%lv 0 %{t rhat tr| enol qui none can be performed with cerium
(Irv) a T ef'ﬂf ? § ‘I'n another enbodi nent, the quantities of

al pha- tjoe84]r i emaé st@ftm@Iﬁzhéﬂél@@@hﬁk@lﬁ@i:otnenol extract that may also optionally
comprise alpha tocopherol in amounts that may vary depending on the source of the extract.
Naturally produced alpha-tocotrienol and optional alpha tocopherol are separated from the
beta, gamma, and delta-tocotrienol homologues 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-alkylated
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
amino-alkylated groups will allow the separation of the amino-alkylated beta, gamma, and
delta-tocotrienols from alpha-tocotrienol, 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 salt, can be partitioned in an acidic
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gui none descri bed herein, at any |level of purity described herein, can be
produced using a single performance of a nethod recited herein, that is,

wi th a siwgl2el0ase27at i on of the steps of the nmethod. BRI BETDES@RI0EZEION OF
THE DRAW NGS [0081] Figure 1 is a flow chart depicting certain processes of
t he invention. [0082] Flgure 2 is a flow chart depicting additional

pr oces SEAMF laygestich g pgeteptril T ovBE]siH e 4. shngnpihsueahedimededits i ng

addi ti qpaln é%@?ﬁﬁo&fng%g@ Eé’ﬁ#ﬁﬂeﬁ%et&é%ﬁ%ﬂ]or iy ?_rég %E%%Béo%\é"l art

depi cting additional pr the 1 nventio CARRYI' NG OQUT
THE | NVENTh@Ne[y0 @8Fjrodiues fromeixt arnmoeaihrlaamscaa hafeemombdﬂgfr tipt potoethytming
enri chnent and/ ?9(]; sol ati on o%ﬂl ur a-tocotr.ienol froggsnat ural extracts

that cdfpis &2 AYEYMMGREN falin ?é’éﬂé uciiye deamigatiqnypnges basicgouditiong
t ocopheiQ B anthf1080bh,eNQY; 81, aﬁa@l esouh Bedghermspn. anh%%}m@%t LECWem

"non-tocol s" refers to phytonutrients or organic matefials that may be
pr esentlétmarst (BB0@xXr 48 4793ut are not tocopherols or tocotrienols. [0088] The

term ti on.,." n reaction
that orPRAES LY B PRy reli b SR R b PP RRIE 3% o et e B
about rifyamdé eaRRIAEORydHe! thdadaklin dyHAE GofdhydAdS bbfdne iceimblekeNgidel@itrohi Me t o
ef fectuate am no-al kylati on. The reagents necessary are a source of

f or mal dohgesuehas fodium [Hivgy @agqensival RSN ANCanicket oraimadgampthrieaf i or
secondgpy %@éd&?of%@&l L Q%to%rg p&% SHUEL a@ﬁmS%ﬁH s%g%ldca? dp%g {EﬁE" nes, al kyl

am nes, anmoni a i cul ar
exanpl e[QOQ)I] sur[habhlascarlmpaﬁuar@ndnsﬁmg yﬂtoacms IEtocdll derivapvespy thedirane, di met hyl
am ne, diethyl am ne, am ne, 1l-neth per azi ne

N, N, N -Hr?q%tWﬁqr@f%lgﬂt@%airgﬁplnéammaﬁewt@?% 36&9@%@%@%&%@%% i ne.
Sour ce d f e ut are
not |.%e?“féi?fc HE%I gg}%{%ﬁ%dogﬁ %g%g?ér P?m%l ?é a#gqﬁ ?irneﬂdg}glseydl?lrtP%xane and
hexanettfimal pmdt;ett wahomtefurtﬂ'drspeceﬁeatuouecammrbﬁr techyna- erebtranblo gamattheotrienol,

formal d de equi t m ne .are mai ntai ne equi nol ar armunt S,
but | e SoT o HERPF PR B ey F s o Pang b E R BPRoa: | east
one Mol @dRk ofE BEn-aRE] RlpurRRS! IR I oRidn:f QIviRldehydead & g8y y nol e of
free aromatic position on the tocotrienols, and, if present, any other

conpourtdmovdrhby ewapbratiemete nit tonsideaed @rlmlud@bwlberadﬂﬂerannmg theela@g@mtage oFi t her

t he am.ne or.
1mpurities present.

[0092] The quinone (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 ethereal solvent with a basic aqueous
solution of Na,S,0, (Vogel, A.L et al. Vogel’s Textbook of Practical Organic Chemistry, 5t
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 hydroquinone form can be oxidized to the quinone form with oxidizing
agents such as ceric ammonium nitrate (CAN) or ferric chloride. The quinone and
hydroquinone 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.

[0093] Because reaction of alpha-tocopherol with cerium (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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f or mal dehyde conponent nmay be present in an anount of from about 1 to about
20 noles per nole of free aromatic position on tocotrienol, and, if
present, wWopomvdsea77conpounds that will react with the fecwalsdelaparziand

am ne reagents, particularly in a nolar anount of at |east about four tines

greater than the free aromatic positions on tocotrienol present, and, if

pr esentOXIEHPN oREBIOVRIGHPEIdrHSIng Ratdaitp reduersd tomgrtzatiomel e drallg SAfdranand

am ne ry - Jhi r 0 r
el e o B Sl G B e on B, M o
of the mdbniiedkiiring sgeintp-dftike apkytdcrirenuhqunodeufoe tkample, omixiag ent

i nternedi at e. 089]. T starting. terial is a mx ocotri.enol extract
that neRfr&rege 5&1 F%dflali"fq&r cBpTs SSegt 0%‘36‘66 é‘P@IWlfe}hSIQY?o%ﬁi&)Elo’E ffat may vary
dependlﬂ&@th%%h%qyé&ﬁem oh AR &Xdar @¢tor Nafonr al Iy produced

al pha-tocotrienol and optional al pha tocopherol are separated fromthe

bet a, g[ﬁﬂ%l aMhedeilica-gebisatsed mrthé wiadmpl thglgea;ieoff stlicpigalusgdgarrbqethet usefly
reacti tio .al pha,.toc rol with an
Lot opr et AR HieRb S P kR P s AR iR R R OERBHE B et re
5 and/ afizefvi@08 bhitieRyiQfiblths dFaBo@l 4868 ekiednk @APbSuselONt @XIRLE] adibe
starting material can be am no-al kylated to introduce am no-al kyl at ed

gr oups e theesupplier, wighorrdurthm @cidedtion- eicen e ethitesl byAkeating Huait et r i enol

does nq V osition, any al pha-tocotrienol present in the

m xt ur eg‘\Xﬁ‘?T 8019%&{)2%&&5% %[ kyl at ed The am no-al kyl ated groups will allow
t he sef8098]i onTafs lﬁmtlammftﬁéﬂﬁﬂhﬂfm petha folgawing exangle deh peeféaedt ri enol s
from al pha-tocotri eno al pha_tocopherol and other non-tocol phytonutrients

that meynhodipersdasieot. Fibis crapRIcHs inshudedmergly facg e §Eéwsw10@aﬁnfiul% P¥ni ng
bet meﬂn@h&é@t‘b‘?ﬂﬁuﬁ{e%&ie of SRL Ml%ﬁt?on Any non-pol ar organic solvents such as
hexanes ept anes, pentianes, petroleumether, or m xtures thereof, can be
used to take up the al pha tocopherol al phat ocotrienol and ot her
phytonutrients or hydrocarbon irrpug'ktéiﬁgrc The am no-al kyl at ed products,
optional Iy having been converted t Ed salt, can be partitioned in an
aci di corgani ¢ layer such as acetonitrile conprising formc acid. In another
enbodi ment of the iAwehtion, e partltl oni ng calf ge per formed between an

organi c |ayer and amcagypeous I'd A i v Proaducts ol fyhe
am no- arggongini @ -e-;ﬁ—beﬂrafwe DY RS to Bkyl
ammoni um sal t, fo]I Voled B9 r egh e~ dean natl g’%}gjder Had N dendi ti ons
(see for exanple Maeda, Y. et , JOC (1994) 58.°*7897-7901) and Tayamm, E.

I
et al, Chem ﬁ
R,Ry = H or 4-Me-Piperazine

Optional Step 3
—_—
CAN Oxidation

General Procedures

[0096] All solvents and reagents were used as obtained from their respective suppliers
except as noted. 'H and °C 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 0.00 ppm.
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Letters (2006) 35, 478-479). [0090] By the term "reducing agent"” is
contenpl ated hydri des such as |ithium alum num hydri de, sodi um borohydri de,
and sodi woeyams1136r ohydri de, borane conpl exes and el ecPcoiSdamns2isuch as
sodium lithium magnesium potassium zinc, nickel, or amal gans thereof in
the presence of a suitable proton source such as amoni um salts or
carboxylic acids. [0091] The phE&’@RIM{W‘FWeS consi sting of tocols or
tocol derivatives in the final product” refers to beta-tocotrienol,
gamua-tocotrienol, delta-tocotrienol, alpha-tocopherol, beta-tocopherol,
ganma- tSregpplAeriobmerbyladet.t a-t ocopherol. Reference to "inpurities" in the
final product, w thout furtheR;specification, can refer to

bet a-tocotrienol, ganmm-tocot getri enol, al pha-tocopherol,
bet a-t ocopherol, gamra-tocopher Rerol , and/or other non-tocol
inmpurities. In one enbodi ment QTS whi ch’ can be readily renoved by
evaporation are not consi dereg as] i npurities when determ ning the
percentage of inpurities presery” [0092] The qui none (cycl ohexadi enedi one)
form and di hydroqui none (benzenediol) form of the conpounds discl osed
herein are readily interconver}Rrg=Wdra-MPBipeREhat e reagents. The qui none
can be treated in a biphasic mxture of an ethereal solvent with a basic
aqueoud08¥7]ut i dn TOEN@ISMSD (Vogel waskadded peratdrmaMelede (9.0Bext BBk awd

Practica ani ¢ .Chem,stry,. 5th Edi.tion, Prentice | 1: New York, 1996;
Sect | orf Yo THDESi D FibS YO0 LT PR e s Gtitn oy R dPE Y or kup
i n the R/RIRACR 788C QY00 IV Bhdsolithd Wiasiched ahyZieotidnangtordd@r hydr oqui none
formcan be oxidized to the quinone formw th oxidizing agents such as

eeri e AVAVHIBIGMOR bartmgandtaANcomponanty focpredco corponeTise Thginpiavee wagicooled

hydr oqui.ngne re.also r I Ve | I verte | ectro mcally, as is
oot 1 Chotaf o b & TR B R RRN LIS RSO SrERDLBREM Sidpncock
| nt r odueC] ol fréntdd @apivize GhginfosrthicyacidNaVe Wy KThdMbsishl dctonitti®r@yer] v4393]
Because reaction of al pha-tocopherol wth cerium (] ammoni um nitrate

gener ats6Baied Apg exfEgcted WibheptingdLixoh> drighelheaceioaidrisdeyed e il Mathed

diti . . s ) . ‘ , di
Pydr ogen e e B A R e G A S B PE MR HER g, ot v
pot assiphosphady oeiong@dmidogptves adated sipdyatiee @ubthemsic) at 4xab keep the temperature

below 20°C. The organic layer was separated at room temperature, washed with saturated

aqueous sodium chloride solution (23.1% w/w; 3 mL/g), and solvents were removed by
distillation at up to 50°C under vacuum. To the concentrated solution was added toluene

(5 mL/g). Solvent (5 mL/g) was removed by distillation at up to 50°C under vacuum. To the
solution was added additional toluene (5 mL/g). Solvent (5 mL/g) was removed by
distillation at up to 50°C under vacuum. 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). All 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 is, in Step 2.

Step 2- Reduction.

HO
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buffers, or mxtures of any two or nore of the foregoing buffers in any
proportion, during theoxidation. Renoval of acid during oxidation reduces
i soneri zawpan1oaf5127me doubl e bonds in the triene noi ety @CTiUsSe0WO62M2 i enol
and tocotrienol quinone. Buffered conditions can also be mai nt ai ned during
wor kup of the al pha-tocotrienol quinone, for exanple, by m x

per centl@9Blor  Noissuplgsyrtheratisesingisatsd. dlyglating Wt&hb tﬁ%‘é?’%ﬂ‘&t(@%\/\g)t h silica
gel p“%w&&n&'lﬁ@@gz R&if ﬂ%@%c{ Rsctﬁ Ids?Bf?th? e Slble F%ﬁd@f ution.

[ 0094] en silica ge i's us e wor k e grade o ica gel used
can be Sthatl.used for standard preparatlve flash chronatography For

exanpl lic of about ore si Ie di stribution of
about 3805?4& %Hl%éﬂrr(?ﬁlém?:ﬁli‘?%@ P 1jyas é’é’ﬁ %ﬂ@tl V(?H‘F e %% ppl i er,
Wi t houtg, a%fu‘ﬁ%ﬁ RS Inhey H’ﬁb@cﬂmol% 0%8 WR R&GE lbI’éﬁérQ@'b?}zhshﬁQtﬁdn% ubfo 8h%C Or an

oxygen-cont ai ni ng at nosphere. This invention is further illustrated

by thelﬁdbﬂ@MNWQ,wﬂhﬁ@@QOESOﬁﬁ]mﬁéW@nn%mﬂenbodlnent thereof. This exanple is

i nclud reI ur es of. ill tion and,is ntended to limt
tho scaBB; ° Ke s PHyBHORBRT et &0 T 6B h R 5 oI s o

4- MVe- Plreeﬁlaamp&a@@é | Ditadus Sinion v 4sAl €N bdabhaBmpeneiaforBoasadaieset 0096] Al l
sol vents and reagents were used as obtained fromtheir respective suppliers

except hgatedde &40 "G HTamys prbeariRmikie wistaddedavesd -ah teriraviowly pieshicd| ded
magnet at #Q3% Vi, @‘e‘i’he}ﬁ?tg M‘é%ls lﬁ%Prﬁ&hg%ﬁL}éof ('t%h(fe’\fo %‘il%lwgfﬂ b? h ‘éﬁéﬁhé fs noted.

Al sp ec[ra arere resi vent peak, as
def i neChrlsB ofBirhdth@butatbl (5 x@ﬂ) a[Th.e ;mikturngs h€hehat 12997 anddhonitatd {01515, or
TMS at 0. 00 ppm EXPERI MENTALS Step 1- Anlnonethylatlon Rl 1R2 = H or

4- Me- PiS9BYE iR & platiorg materiat SEBRPRIEHIC-RsBdyct compRneytsnas added

par af or G%ﬂe hyqtﬁe ﬁgxtg% Wy co%féé@to %Uﬁt ]dﬂlM?etdW@phaﬁ%&ﬁF ﬁ%l),( Red c&ﬂl:cl to (5'5@

suspenS| on 'was stirre roomterrperat ure
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% w/w aqueous tribasic potassium phosphate solution (3 vol), and concentrated by
distillation 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 filtration and washed with toluene (2 x 5 vol). The
combined filtrates 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 (t,

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 (m, 2H), 1.68 (s, 3H), 1.60 (s, 6H), 1.58 (s, 3H), 1.25 (s,
3H).

Step 3-Chroman to Quinone Oxidation.
Q HQ
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and then at 750C for 2 to 3 h. The solution was heated at 1250C and

noni tored for conversion of starting material conponents to product
conponentwo 20to@smi7gt ure was cooled to 30 to 400C, dil ut @dTRistévoacEuDNitrile
(3.5 n/g) and hept ane (3 5 rrL/ g) and then cooled to 50C, and treated

dropvvlse with form he bottom acetonitrile |ayer was
separ atl@0Zng Bk &Bké%‘)thﬁ:rf"‘ﬁs%éﬁlﬁétﬁ@» 3(112rel@t1§e seiht gyt) anghgolypwtBW/Dr i | e | ayer

was di | RQIC\Mst Srtéf)r 3 alg%ﬁl\l:eg?etcg% Ot hﬂ?sr of(¢8; srgugg)s s?d?gnriﬁgéeﬁgl bR éﬁ@&l&:t 45%

W w aqueous tribasi'c potassi fe sol ution
dr opwi s Stepxt-haphaitedotisanohs t o keep the tenperature bel ow 200C. The or gam C

| ayer eparat ed omte ure, .washed with sat rat ed

sodi um\@i‘?:ﬁrl diﬁgfﬂsﬁﬁe%g ?@ﬁﬁiveé lﬂtspﬁﬁopy Hgtalof ® é(?g ved by
di sti I'l\gdd aqae@tanaﬂletrﬁlx%@@agegaed V@@WHA sdRtibRSf @&ﬁ%@g&ﬂ) ahl%@bn%ﬁhma@@ vas
added toluene (5 m/g). Solvent (5 mL/g) was renoved distillation at up

to Sm@dﬁd@b inyaeteuM volpwahpregotdibi mnmﬂa@pa@d@@lamﬂmfﬁr@mw addifiereele (5

e m T AR SR i o Yia R vt €75 OB e Bt Rt

t hr oughre) gaghosfunfEikhicaoluibn Rat keged 6@rBa nsH w&e@k@ﬁrddrtnixwrs ene. The
Celite(tm cake was washed with toluene ( 1 nL/g). Al filtrates were

conbi nedphateotrienal fioshstagdn yiopropy eskaigand mradiilsynaiosiminmthdr yi ng anal ysi s
f 7.
3. Sf‘lnl ﬁg@ﬁ%‘gﬁlr&t dope fh%%%’cuﬁ%gﬁlr §t§/rg%dﬁa& o @%%8 AlopRBLd fX‘F{o%a&ggal% ?‘!ta%’n

concentra
pr oductmaaimmﬁtpbyémi edbrodedksmpasentss €the oaganiSlayémwaSt separated ahe neaed for
Reducti on. [0098] Note: unless otherwise indicated, all relative weight (w)

and vo|?u1w hSEyY eloiplid spdinmshydroasn sarbonate &2 witk %ndrseaééeciwwu%fw@ (7 3¢kingn
dryi ng iéa@ﬁgﬁaéﬁg(%dgﬁgrﬁsggﬁﬁﬂ%gf ﬂt%}&lgﬁlelsoh&@??&]edmtht he residue

pr epar ed Ste uene vol vent exchange to a
sol uti dmpropﬁaqmdng/ll Dutlareat tl(e?;c@bmﬂd)ﬁhtwat&:sttﬂaeﬂad pridpadmc lny;drdgesmdatbomaieon at

up to r .yacuum wth additions. of 3msth|but 0100 To
sgdl um(g’/‘a%@%m PEERENYION 145 GRJCeREYCE Hub Bz iR W‘EﬁJ ?Fcﬂ“ ‘%’?”%}8 Mat room

t enper afoihle Mfik@rSHPFRASIRA MBS (130T @lleRlad@RAM THRIPEIR Wit doRd 380t n, and
then heated to 125 0C. To this preheated m xture was added over 1.5 h t he

previ owﬂﬁllptféwtlemhsmm@l@wow Padirnmmmplhatcehhmmaf@lllgsalg@l & wetahg| but anol

(3.0 VOlozhufrrPflchogen carb onateatg %I L It?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. Acceptable 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, C¢Dg)

5.37-5.28 (t br m, J=7Hz, 2H), 5.28-5.20 (t br m, J=6Hz, 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 d,
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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rinse of 3-nethylbutanol (0.5 vol). The m xture was heated at 1250C and
noni tored for conversion of starting material conponents to product
conponentwo 2p@131377The m xture was cool ed to 500C, di | ured/useeo/obzp: ane (5
vol), then cooled to QOC, and treated with 45% w w aqueous tribasic

pot assi Um hos hat e solution (5.0 vol) (exothermc, gas evolution) so as to

mai nt ailfl B¢ disgloaurpepicil] @%leatwmep S-,;Bﬁ%team’hsz%tmné apgulished ed at
room tﬁg&g r r [ h 45%
w w aq eouEgI%IH le %gslﬁcr e%gjta gg?s?‘%%(ﬂp 0s E%I%tg%gglcﬁonsﬁggévo 91(:0 gﬁgcgn%i‘g%t rated
by di sthyl e&ténon imthetrgntietpCOC under vacuum To the resi due was added

t ol uen vol ) eultln sol ution was added to a re of silica
gel e[\‘RMS]andAi‘tBP‘ﬂéh‘% ?%re%% jnvEheen bas bearyfescahed iR eEﬁ‘Fl Yol tele (2
V0|) Iﬁ@sﬂ%‘tlbh GAd gﬁimﬁyﬂgﬁﬁi&@s yaSarsl o ﬁﬁ&érﬁ&ncﬁﬂ’g)r@ i ‘ﬁglﬁﬁérﬁtt&'ﬁﬁ)sé or 1 h.
The silica gel was renoved by filtration and washed w toluene (2 x 5

vol ). Thdledombierpatithfg qertamtremomhaelg@&ﬂr@enodlawwnbwﬂbsipracnaﬁtd oTheaftfomp to
500C ungder, vacuum The ution transferred
Co s r OPelusBERine mktR SR B0 5 SR RRLAG ok e Pient BOEpSH ARG o
dryness by d| stillation at up to 600C under vacuumto give

al phatocotrienol. 1H NMR (400WMHz, CDCl 3) =5.17-5.05 (m 3H), 4.16 (s, IH),
2.61 (t, 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 (m 2H), 1.68 (s,
3H), 1.60 (s, 6H), 1.58 (s, 3H), 1.25 (s, 3H). Step 3-Chronman to Qui none
Oxi dation[0102] Note: unless otherwise indicated, all relative weight (w)
and volune (nL/g) equivalents in Step 3 are with respect to the mass of
this stage's starting material, the product of Step 2-al pha-tocotrienol.
[0103] The residue of Step 2 was dissolved in isopropyl acetate (10 vol),
water (0.5 vol) was added, and the m xture was cooled to O0OC. A sol ution of
cerium (IV) amoniumnitrate (2.74 w) in water (3 vol) was prepared at
roomtenperature and buffered by addition of saturated aqueous sodi um
carbonate solution (17.4%ww, 0.75 vol). The buffered cerium (1V) amoni um
nitrate solution was added over 30 mn to the prepared m xture of

al pha-tocotrienol fromstep 2 in isopropylacetate and water while

mai ntai ning the tenperature at O0OC. The m xture was stirred at Q0C and

nmoni tored for conversion of starting
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mat eri al conponents to product conponents. The organic | ayer was separated
and treated for 2 h with a slurry of solid sodium hydrogen carbonate (2 w)
and sol i dwveadiunfizal fate (2 w) in isopropylacetate (5 woluS20bme=uspensi on
was filtered, the solids washed with isopropylacetate (1.5 vol), and the
conmbined filtrates treated wi th sodi um hydrogen carbonate (2 x 0.05 w).
The suspensi on was concentrated to a maxi num extent while maintaining an
agitable mxture by distillation atcppyi® 450C under vacuum The residue
was cooled to 300C and diluted with n- E]ept ane (10 vol). A chromatography
col um tsi lica gel (5 w) and sodi um hydrogen carbonate (0.05 w) was

pr epare ?rlé)ﬁiagnes ]lerry in n-heptane. The m xture was el uted on the

chromat ography colum and further eluted with mxtures

) [ of )
n- hept ane/ i SoPFSHH IaE BearedycHon. engehpentafigrisclatign ohd-ahthattpeptrenph drophen
100: 10. { 0l (=: 1 i i
car bonat B S8 AG T HELAp AR € R e o AT A e P e PO N SRR
purity.alpiaetoptpdiolcd afid aptionatly compasasatimr naw]s, hoeaicets antdion ogghdict ingpuatiesol i d
sodi um hﬁihrr.o%%n car boogate (0.05 wt), and concentrated to a maxi num ext ent
whi | e RIWYAIMSIHGSER Ugi tabl e mixture by distillation of solvent at up to
450C under W%guu%adtﬁg@ﬁ@@xﬁt%%%&t\ﬁt}{ sultabR rSaéfls)wBsreasdsith aednt e m xture
passed through a 0.45to 1 umfilter. The filtrate was evaporated to
dr ynes gngig ngnsiphattaedlpte infrodesievadnnctamaligrovnp it Gearded/ov dpasition of dieve t he
product, al ha-tocglt éi g?nfo} _qui none. 1H NMR (400MHz, CeDe) 5.37-5.28 (t br
m  J=7rPC 05 E§Ore BOLRIPAIOCO Ty 1y J=6Hz, IH), 2.53-2.46 (m 2H), 2.25-2.15
(m 6H), 2. 15%:2. Qépdritingdl obe 8L mbEe nodHlIphal toéSks thaf ha{dbeed funkctlonkizzed ) ,
1.71-1.70 (br d, J=IHz, 3H, 1.68 (s, 6H§3, 1.62 (s, 3H), 1.57 (s, 3H),
1. 54- 1.5%p () fromythe alphtoporignplpnd opgesal@lphpocophgrol andigthgrgnongpgol 1. 00 (s,
IH.[O ' f all publications, patents, patent
appl i cict%ﬁlgﬁgg%ntgbtgﬁwésﬁ%%ng’atent applications referred to herein by an
i denti fyi ng Iei)t atdpdionahyefubecdeparatic@theaipiiaadcdigemil in thy niikfues epaatddint hei r
entirety. (1[10105] Al t hqugh the foregoing invention has been described in
some deted (Ibhyragathe optipnal gipha seqopherghiddiirspaona Pthst ppbtaselsaf clarity of
under st andi ng; ) I tehl$iARPIRNhe tH: EHR5Ed DKL bt §8rd Mot ABhAldbols ik hG&Y bhn
m nor changes )andc nodi PPcat |Bo%s V\S»#S'%Fr %e pr acli‘:il rce .n Ther eOtfngr e, tﬁger
desc_ri ;fuhaztjronalhzzbdefxmpﬂepﬂ@hoqgh@ aﬂrﬂta—tbc_aatricméianded as limting the scope of
the inventi Ol%Z)CLA(\)lpI‘}{%nMPyaéonllbsmi%!g?lllertﬁghz{—tsobotrienol from step (1c) with the alpha-

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

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

mixture thereof.

3. The process of Claim 2, wherein the plant extract is a palm oil extract.
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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1. A process for the production, enrichnment and/or isolation of

d- al pha-tocotrienol froma plant extract that conprises at |east one

non- al phawoceemresizmnol and that optionally conprises al piraTtusec@pioen2et and
optionally conprises other tocols, non-tocols and/or organic inmpurities,
conprising the steps of: la.) reacting the plant extract with suitable
reagent® whidis Rreeet ol N Ohwheigdhormipgrak Hefinnds prACTEoViEh t o i nt roduce a

functi gﬁ%foﬂﬁs&?l%yhl@ gﬂ{&g%ﬁ%%nﬁné‘@éc%d f?orﬂqslinEﬂ'#gﬁ)ﬁ%ztriﬁ% gﬁﬁdﬁ% ofor €

non- al pha-tocols; eparating the one or a-tocol s that
have beeorpholneti onalized in step (la) fromthe al pha-tocotrienol and
opti onal al pha tocopherol and other non-tocol conpounds that nay be
present; l1c.) optionally further separating the al pha-tocotrienol in the

m Xt ur e sepafiRiRedsfoSRRN 6! RherefthOiminda Bl danRbe@bkia w@gopherol and from
optional other non-tocols; id.) chemcally reacting the separated one or

nmor e ngaraAbphedehydehrd i-mthfipiperapwen functionalized fromstep (1b) to give
al pha-tocotrienol; and le.) optionally conbining the al pha-tocotrienol from
step (Ic) with the al phatocotrienol fromstep (1d) to give

al pha- tqcot riRebees2of Fhan Al GEESIhOfedinb Bbdht iBfRIde réddenth dbfaneXxt ract is
selected froma palmoil extract, a palmfruit extract, a rice extract, a

ri ce bre@ipdsk eradteleciop dpnesyin dha pragence aha gHiRAlRIOERBPHEE, or a mixture
thereof. 3. The process of Claim2, wherein the plant extract is a palmoil
extract. 4. The process of Claim2, wherein the plant extract is

Tocom ri(r) . The prbespoOCrER 8pivhédeahdrellucinhagent idwodiv@acydnomorshydtiep (la) is
am no-al kyl ation foll owed by acidification.6. The process of Caimb5, where
the am no-al kylation is perfornmed with paraforml dehyde and a cyclic am ne

sel ect eg) T 1 oM, s IRLDY R P& RED A @nriPhR&T a8 /¢ ila iR P B dHAG oc oAriendl EoBf OCESS
of daims5, %er e the arﬁE)no- ai)lrlgyf[la?];l on is perfor med wi tIL par ar or ngﬁ g{ahyde
and 1- ratehyheti gberz bitevhi@ cohipeisps atdess naf-alghaiarptienvhmdehdthoptipeadlyci ng agent
is a hydride reagent, a tiorcaine. . .
comprises alpha-tocopherol and optionally comprises other tocols, non-tocols and/or organic
impurities, comprising the steps of:
2a.)  reacting the extract with amino-alkylating agents 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 tocotrienols and converting the products into acid salts;
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 the other optional non-
tocol compounds that may be present; and

2c.)  reducing the one or more non-alpha-tocotrienol functionalized homologues

with a reducing agent to give alpha-tocotrienol.

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

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.

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

paraformaldehyde and 1-methylpiperazine.
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conplex or an electron donor in the presence of a suitable proton source.
9. The process of Caim8, where the reducing agent is sodi um cyano

bor ohydr iwe.20005127pr ocess for the production, enrichnerCTarsdéoon6i2snl ati on
of d-al pha-tocotrienol froman extract of palmoil which conprises at |east
non-al pha tocotrienol and that optionally conprises al pha-tocopherol and
optional%y cOwgrPEssolbriatn 1Powbers theysAudine dgeqt BridnFide Fepamited PHBOS i ti es,
compr Slofhidét AR oRonddn knd BEEOGE § ELBKIHAGh Ykl am no-al kyl ating
agents I'ch react with the one or nore non-al'pha-tocols to introduce a
functional group in the free 5 and/or 7 position of the one or nore

non- al pha tqc¢otri enol nd converting the products. into acid. salts; 2b.)
separ ati’ng t Péﬁ“eﬁs%?fsﬁ:r%f’r@ 1%0Wh%¥F Hﬁ’a%fhb“d% ?geé‘ﬁﬁl SO@]&?IHCY@&P Qroby 3‘?‘&% product s
in step (2a) fromthe al pha-tocotrienol, the optional al pha tocopherol and
t he other optional nontocol conpounds that nmay be present; and 2c.)

r educi ni. t heltereoess aleimdA- anphisingonotdditemal stépuwberiewrtae nipba thootobmgues
with aé;edugiﬁgwagent to give al pha-tocotrienol. 11. The process of C aim
10, whef Al AP e et 8% Y r om pal moi | is Tocomin (r). 12. The process of

Cl aim 10, wherein the am no-al kylation is performed w th parafornal dehyde
and a cyclic am ne sel ected from 1-net hyl pi perazi ne, piperidine or

mor pholliTne. TBe prrgessof 6¢@8xs!, afldigonaalhy comprigher a %dﬁéloamp lags-seapiyheaeindie i s
perfor W - Y, 1- | DI azine, - process of
Clain1%%gwahégggﬁﬂgﬁgégﬁ%?ﬁgagggg?gpéogﬁkgéggg@ﬁég%agﬁ?%ﬂgnﬁggéne conpl ex
or an electron donor in the presence of a suitable proton source. 15. The

process of Cl aim 14, where the reducjing agent is sodium cyano borohydri de.
16. Thel8pr oc &8 PigreseiohGiimol 0. addippnallyirgmphisigdntaddisignald e stepidiessin tene

al pha- 48GbELEDAN (AT 29 i{ 2Risk i AGOVELSHendibuinthe P ocess of Claim 1,

additio y conprising ditiona step wherein the
al pha-tocotrienol (fromsteps Id and/or le) is oxidized to
al pha- [ 8.,.The process.of Ca addi t.i onal |

tocotrienol e. T im. 10,
o o L IR B S b i paadilig o N PG R et B 453t | B Bhee Bm st ep
2c) IS Rkitidh2ethel RnalIPRRoEOS AbMmbRIRALs b RRBSeen functionalized is filtered.

20. The process of Claim 10, additionally comprising a step 2bl) after step 2b), wherein

a solution of the non-alpha-tocols homologues that have been functionalized is filtered.

21. The process of Claim 17, additionally comprising a step 1bl) after step 1b), wherein

a solution of the non-alpha-tocols homologues that have been functionalized is filtered.

22. The process of Claim 18, additionally comprising a step 2bl) after step 2b), wherein

a solution of the non-alpha-tocols homologues that have been functionalized is filtered.

23. The process of Claim 1, 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.
24. The process of Claim 10, additionally comprising a step 2d1) after step 2d) 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.
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19. The process of Claim1l, additionally conprising a step Ibl) after step
I b), wherein a solution of the non-al pha-tocols honol ogues that have been
functi onawvDzet/iss277i | t ered. 20. The process of C ai m 10pCadseeooszeh? y
conprising a step 2bl) after step 2b), wherein a solution of the

non- al pha-tocol s honol ggues t hat have been functionalized is filtered. 21.
The prdess &he p1osesnof £laiaki addifianally cosmsisingianyeral &y afier 159p) lhrhereig gep

I b), I t been

| ). MBI ool o6 35188 BRA=A0R) % SRR ARHST Pt faVRy
conpr i diyngmavaltaphe2dilida gl befiltsitep. 2b) , wherein a solution of the

non- al pha-tocol s honol ogues that have been functionalized is filtered. 23.
The process of Claim1, additionally conprising a step Idl) after step Id)
wher ei mea SOirHE bl‘?)@es@fof U‘zﬁnﬁi@Q@dlhgﬁﬂfyrdoﬂﬂ)@ﬂm Eraoﬁiéfﬁﬁg lﬁﬁeltsl?ﬁ) Icﬁ%‘félf?a s

m xed wth silica gel, followed by rénoval of the 5| ica gel by filtration.
24. TheSObm@oe)ﬁshecﬂ‘lpl@Hapmmol pa@i:mcw by diel rpdustiop i wixed vathsiﬂbfpl gl fpllafedr step
2d) mhq{eln a 159 kutl b E& %ﬁﬁha-tocotrienol produced by the reduction
TS m xdd SreRaI e ‘@ae%e Y O848y by removal of the silica gel by
filtration.25. The process of Claim17, additionally conprising a step 1dl)
after step Id%@mhereln a sol ution of the al pha-tocotrienol produced by the
reduct iZ0n i sThe Reegesgiof -l 17cad@épnallfycﬂomméwgwaq%valpheftoqorﬁree@ﬂ| i ca gel
by f||t T 8 a step
2dl) af g%hgﬁna%gd?éﬁﬁggg@ﬁ%gasﬂﬁﬂg:oﬁﬂ% F e g%%kgﬁﬁé%%i??gﬁofg%@%buced by
the reduction is mxed with silica gel, followed by renoval of the silica
gel by filtration. 27. The process of Cla|n117 additionally con?r|3|ng

pl aci ng% he Ehﬁ'oﬁré?%@éﬁlal@h - aglifiprly C@mpélsgllglﬂ lacingyde APhruARPtasel el ut i ng
the al BhfonkGANGAENR cditAQRE eRtftﬂh ofe di oMol Gfinord e Bf BE@SRnR, C ai m
18, additionally conprising p aC|n the a p a-tocotrienol quinone on a
silica gel colum and eluting the al pha- tocotrienol quinone off of the

col umm.
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