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(57) Abrege/Abstract:

Methods for the synthesis of toeofiexols of Formula (I) and (ll) and a number of related tocol analogues are provided herein. The
methods are economical and amenable to large scale production and can be performed using either pure of partially purified
tocotrienols as the starting material
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METHODS FOR MAKING TOCOFLEXOLS AND ANALOGUES THEREOF

This patent application clanms the benets of priority of United States Provisional Patesd

Application Neo. 61/650,021, filed \L.w 22, 2012, which i incorporated herein by reference in its

E{ﬂ_iif@f}‘ .

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

This mvention was made with United States government support awarded by the National

instituies of Health, National Center tor Research Resources, award TULTRROZ29884 and

National Institutes of Health grant number SROICAQGRITI0-10. The Linited States has cerfamn

rights 1n this ivention,

FIELD QF THE INVENTION

The present invention relates to methods for the synthesis of tocollexols of formuta {1

and (11} and 2 number of related tocol analogues.
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BACKGROUND

The tocols are known o have benclictal health effecty when provided as g dictary
supplement.  Efficient transport out of the Bver is necessary for the tocels to deliver the
beneficial health effects. The tocels are transportad out of the Hver and nto the bivod stream by
a protein called oTTP (focopherol fransfer protein). Some tocols, specifically the tocopherols,
are more efficien ii‘f ”il‘iil.l“iﬁ}'mi‘fﬁd out of the liver and into the blood stream than the tocotrienols
tocotrienol cownterparis.

The tocotricnols have recontly beon shown to have some beneficial health effects not
seon with the tocopherels. However, thewr hmited half-hife i the body greatly reduces their

bim:miii aty i'i;ix?, and mits- their iiﬁféﬁﬁl‘ifiﬁ?i:,. Li’?’rm?iid-eﬁ herein are methods .«:;)f mak in g tocol

of tocols with unsaturated hydroc afrf.bm'i. m'i s fb;}f aTTE. The den 1&*3:%‘1‘;%3 WENS 1 af;md fovotiexols
t indicate the mercased fHexibility of the hydrocarbon il as compared to the tils of
tocotrienols and differentiate this class of compounds from the tocopherels and tocotrienols.
Methods of making tocopherol and tocotrienol derivatives with one o three double bonds in the

hydrocarbon tail are described herein.

SUMMARY

Muthods of making tocol derivatives with modifications to the hvdrocarbon tail to allow
more efficient binding and uplake of tocols with unsaturated hydrocarbon tails by the TP
receptor are provided herein, The devtvatives are called tocotlexols to indicate the mereased
Hexibilitv of the hvdrocarbon tail as compared 1o focotriencds and differentiate this class of
higlifi_’i}«" econonical method of producing tocotlexols md r&i:ﬁt;s&d tocal -a-naiaguﬁg. them:}f; As
more fully described in Interpational Patent Publication No, WOZOT /183333, which
incorporated herein by reforenee n s entivety, tocotlexols may be used to treat a Wiﬂﬁ--'k-’ii‘!:‘ii?ei}"’ of
conditions and may be used as an ant-inflammatory, radio-protective agent or antiosidant,

(ne feature of the method is to use nexpensive p{utmii purified tocotrienol preparations
from res adidy av ailable natural soarces as starting materials, Pure tocotrienods are difficali to

separate from tocophorols and are expensive, Thus ﬂ‘if:.al‘}ﬂiiy to use a partiatly purified slarting

2
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material provides an cconomic advantage.  Pure tocotrignols may also be utihzed in the methods
provided herein.
In one aspect, a novel and economical synthetic route for tocotlexels of general formula

(1) and () and anglogues thereof of the general formula (TDH-(IX) shown below.

| (t)

(R4 NEETN o N N N N N - N

-

wherein RY, R, and R, which can be the same or different, are each selected from hydrogen and

methyl; Ris hydrogen, straight or branched alkyl of 1-20 carbon atams, cyveloalkyl or substituted
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cvelorlkyvl of 3-7 carbon atoms, cycloalkylalkyl or substituted cvcloatkvlalkyl, alkenvl or

substituted heterocyehie! carbon atoms 1w fhe R group can be replaced by one to three of the
tollowing stoms or functional groups, which can be same or different; oxygen, nitrogen, sulfur,
carbonyl, thiocarbonyl, ester, thioester, thionoester, amide, thioanmde, carbamate, thiocarbamate,
urea, thicurea, guanidine, NCHa, SO, 8O, SO0, or SO:NH: X s O, §, NH, or NCHi Y is O, 8,
NH. or NCHa.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph showing tocol cell-uptake by monse NSC 34 cells incubated with
SmM of w-tocopherol () or d-tocotiexol (-},

Figure 2 19 a graph showing that S-tocoflexol s 3 thnes more potent as an antioxidant

than -tocopherol.

affords a simple and highly economical method to synthesize tocotioxols and analogues {hereot.

N .

The tocoilexels are attractive as they have increased ability (o bind oTTP and thus have a longer

half-life in the body, The extended half-life of these compounds will facilitate their use by
decreasing the number of doses necessary as well as the mmount of compound o be
administered. It could also produce inereased biological activity. Tocoflexols and methods of
ussifn-égé, the tocollexols are provided m infernational Patent Poblication No.o WO 201171533835,
which is mcorporated herein by reference n iy entirely. A novel process tor making these

compounds 1s provided herem.

e
0 L
- U
- U

puxtares of ocotnienols and tecophernls. These mixiures are difficult 1o sepavate and that makes

the pure tocotrienols very expensive. Thus, the fact that our synthetic scheme works effectively

asing partially parified or pure tocotrienol preparations from natural oils, makes this process
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commercially feasible. The partiallv purified tocotrienals can be obtained from sources such as
annatto, cat, barely, wheat germ, rice bran, and palms. In the examples, an oil with about 34%
tocutrienol was used, but oils with a lower percentage of tocotrienols may be used in the
methods, Oils with at least 3%, 108, 153% REG% 2384 or 30% of a 8 piven tocotrienod will work in
the methods desernibed herem.

The process comprises the followmg steps. The fust step (step {a)) 15 o introduce a

profective group to the phenolic OH group of tocotrienols of the formula (X) to form product of

the formula {X1I)

J_ L w

o3 N -.{:}.«-"5 N N N N~ N N N

ﬁ:[,i _ 1 J\_/ N :ﬁpl P ,,.«-J (X1}

"\s\ f,#‘ '\\ :}ﬂf '\\.

P pl .
wherein R, R ., and R which can be same or different, are gach selected from hydrogen and
mathyl, P s hy droxyl protective group including but not limited to methyl, methoxvmethyl,

henzy Iim‘&:}-‘ﬁwtl‘i}*fig E:--{fftrﬁiimii';jyﬁlft;s:zz-i vhethoxymethyl, met h}fit?thi omethyl,  phenylth imnwtﬁhyi.,-,

-

tetrabydropyranyl, 1-ethoxyethyl, propargyl, t-butyl, benzyl, 4-methoxyvbenzyl, o-nitrobenzyl, 9-
anthrylmethyl,  4-methoxyphenyl,  trimethylsilyl,  triethylsilyl,  wisopropylsilyl,  t
butyidimethylsilyl,  -bubyidipbenyisilyl,  tormyl,  acetyl,  benzovl, methoxvearbonyd,
sthoxycarthonyl,  2.2.2-trichioroethylearbonyvl,  benzoxyearbonyl, mcthanesuliomyd,  and

foluenesatfonyl.

Sutable solvents lor the reaction include all common aprotic solvents. The reaction
temperatare can range from -20 °C io 120 °C, preferably between -3 °C 1o 25 *C. The reaction

time can range {rom § minutes to 24 hours, preferably between 30 min to 3 hours,

Tocotrienols (X) can be obtained from natural sowrces, such as bran oil, palm oil, and

annatto oil. Tocotrienols (X) can be used in pure forms or as crude mixtures.
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Step {b} 1s an oxidative cleavage of double bonds i products fron step (a8) i the formula

R’

»e
L 2~ T o= o |

(X))

& A 1
R \.’Ef Q ;\\M N

L
whergin R, R, R, and P are the same as described in the first step,
The oxidation is performed asmg OsOyNalQy. The other conmmon method 15 nzonolysis,
The reaction solvent for OsQy/NalOy reaction is preferably a muxture of {etrahyvdrofuran and
water. Other common ethers such as dicthyl ethyl, methyl tert-butyl ether, dissopropyl ether, and
P d-dioxane mixaed with water can also be used. The reaction temperatiuvre is preferably below 44
Step (¢} 18 a Horner-Wadsworth-Emmaons regetion o which aldebvde of the formuta (XIH)

from step(b)} is reacted with trialkyl 2~phosphonopionate (XHIx

Phosphonopionate {XHID) is initially treated with 8 base to form viid, The preferred base is

soditim  hydnide. Other common bases, mchuling but are not himiled to potassium hyvdnde,

lithium hvdride, potassinm tert-butoxide, sodium tert-butoxide, lthium tert-butoxide. butyl

6
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ithium, lthium  diisopropylamide,  lithium  digthyvlamide,  sodivm  amide, ;3@{355_1*{1&3
bis{irime ifh;}f}fii‘];}xi}f&i;‘l‘ijﬂﬁ, sodinm bis{irime zmmm; amide, and lthium bis{ trimethvisilvDamide
can alse be used. The reaction is rumning preferably between 78 to 30 °C. The reaction time is
ranging preforably from 1-12 hours. The reaction is suitably running in tetrahydrofuran. Other
suttable solvents, ncluding but not it to diethy] ether, dusopropyl ether, methyl tert-butyd
cther, dimethyvifornude, and dimethylacetamude, can also be used,

Step {d) is a reaction in which compounds in the formula (XIV) from step {(©) are reduced

1o form compounds m the formula {(XV):

k :
A A O V)

The reduction 1s suitably performed using dusobutvialuminium hvdnde. Other common reagents,
Tncloding but not Limited to Hithinm borohydride, lithtum triethvl borohvdride, borane, {ithium
afuminium  hydride, lithinm trimethoxide aluminium hydride, sluminiwm  hydride, Hithium

alununiton hydride mixed with aluminiom chlonde, and sodium borohydride mixed with hthium

w

chloride or calctum chlovide, can also be used. The reaction is runuing preferably between -78 {o

30 °C. The reaction time is ranging preferably from 1-12 hours. The reaction is suitably running
i tetrahydrofuran. Other sutable solvents, meluding but not it o diethyi ether, dissopropyl
cther, and methyl tert-butyi ether, can also be used.

In step {€), a reaction m which the hydroxyl group i compounds m the formuda (XV)

from step (d} is converted to a leaving group to form compounds m the formula (XVi}:

wherein 2 is QTs, OMs, OTE(CFSO4, T, or Br.

Step (13 18 a coupling reaction between compound in the formuda (X1 from step {e) and

..............

a Grignard reagent or gn organozing reagent in the formula {XVI)

7
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The reaction s catalyvzed by a transition metal with or without a higand. {(XVII) 8 prepared from
the corresponding halogenide by standard methodelogies.

group i compounds i the formula

Finally in step {g), a reaction removing the protective

(XVIID and (XIX) fron step (1) to afford the final produet in the formula (1) and (1)

T
9
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The reaction 15 performed by using standard de-protection methodologies,

The overall embodiment of the process adopted for the preparation of tocoflexols of the
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Scheme 1

“Hydroxy-protecting group™ as used berein refers to a substituent that protects hydresyl
groups against undesirable reactions durig synthetic procedures such as those (-protecting
groups disclosed in Greene and Muts, “Protective Groups In Organie Synthesis," (John Wiley &
Sons, New York, 3 edition, 1999). Hydroxy-protecting groups comprise substituted methyt
ethers, for example, methoxymethyl, benzyvioxymethyl, methoxyethoxymethyl, 2-

{rimethyistivlethoxymethyl, tbutyl, benzyl and triphenyvimethyl; fetrabhydropyranyt ethers;

substituted ethyl ethers, for example, 2.2, 2-trichlorosthyl; suivi ethers, for exampde, trimethyisityl,
t-butvi-dimethvistivl and t-butvldiphenyisiiyl; and esters, for example, acetate, propionate,

e

benzoate and the like.
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"Alkyl" as nsed herein alone or ax part of a group refers to saturated monovalent
[ﬂ?:tyﬁ rocarhon radicals hz:wing; straight or branched h’}fdmc arhon chains or, in the event that at least

carbon ators are present, oyelic hydrocarbons or combinations thereof and contains 1 to 20

carbon atoms {Cyapalkyl), suitably 110 10 carbon atoms (Chin alkyl), preferablyv 1 o 8 carbon
atoms (U alkyl), more preferably 1o 6 carbon atoms {(Uiq alkyl), and even more preferabiy |
to 4 carbon atoms (Craalkyl), Examples of atkyl radicals include methyl, ethyl, propyl,
Jsopropyl, n-butyl, isobutyl, see-butyl, tert-butyl, pentyl, isoamyl, hexyl, evclopropyl, eyclobutyl,

cyelopentyl, eyclohexyl and the hike.

"Alkenyl" as ased herein alone or as part of a group refers {o monevalent hydrocarbon
radicals having a straight or branched hydrocarbon chains having one or more double bonds and
containing from 2 to aboul 18 carbon atoms, preferably from 2 to about § carbon atoms, more

preferably from 2 to about S carbon atoms. Examples of saitable alkenyt radicals include ethenyd,

-

propenyl, atkvl, 14-butadienyl and the hke.

"Alkynyl" as used herem alone or as part of a group refers to monovalent hvdrocarbon
radicals baving a straight or branched hydrocarbon chains having one or more triple bounds and
comtaining from 2 {0 about 10 carbon atoms, more preferably from 2 to about 5 carbon atons,

Examples of alkyay] radicals include ethynyl, propyayl, (propargyl), butyoyvl and the fike.

TArvl" as used herein, alons or as part of a group, includey an organic radical derived
from an aromatic hydrecarbon by removal of one hydrogen, and mcludes monoeyelic and

polvevelic radicals, such as phenyl, biphenyl, naphthvl.

"Alkoxy" as used berein, alone or as part of a group, refers to an alkyl ether radical
wherein the torm alkyl 1s as defined above., Examples of alkyl ether radical include methoxy,

cthoxy, R-propoxy, iIsopropoxy, p-butoxy, isobutoxy, sec-butoxy, tert-butoxy and the like.

"Cycloalkyl" as used herein, alone or in combination, means a saturated or partially
saturated monocyche, bicyehie or tricyelic alkyl radical wherein each eyclic moiety confains
from about 3 to about § carbon atorms, mwore preferably from about 3 o about & carbon atoms.
Lrampics of such oyciealkyl radicals mclude ovelopropyl, cvelobutyl, oyclopentyl, cyclohexyd

and the hke

.....

defined above "‘-:?*;-"}ﬁ*(‘:if]f} is subhstitntied by a c:}fi:if.:lﬂﬁlk.y | radical as defined above. Examples of such

10
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cycloalkylalkyl radicals include cyclopropylmethyl, cyclobutyl-methyl, eyclopentylmethyl,
cvelohexvimethyl, eovelopentylethvl, iawdehmx dethyl, 2-cvelopentyl *{hﬂ 2-0Ve ioha.,w} sthyl,

cvelobutyipropyl, evelopentylpropyl, evelohexyibutyl and the like.

“Substituted” means that one or more of the hvdrogen stoms bonded to carbon atoms m
the chain or ring have been replaced with other subsbituents. Switable substituents include

monovalent hydrocarbon groups mcluding alkvl groups such as methyi groups and monovalent

heterogeneous groups inclading atkoxy groups such as methoxy groups. “Unsubstituted” means

that the carbon chain or ring comtains ne other substituents other than carbon and hydrogan.

“Branched™ means that the carbon chaln s not simply & linear chain. “Unbranched™

means that the carbon cham 15 a near carbon chain,

“Saturated” means that the carbon chain or ring does not contain any double or iriple
bonds. “Unsaturated” means that the carbon chain or ring containg at least one double bond. An

unsaturated carbon chain or ring may include more than one double bond.

"Hydrocarhon proup” means a chain of 1 10 25 carbon atoms, suttably 1 1o 12 carhon
atoms, more suifably 1 to 10 carbon atoms, and most suitably 1 o 8 carbon atoms. 'i%§;3«?{1.?—@carimn
groups may have a linear or branched chain structure, Sudtably the hvdrocarbon groups have one

branch.

"Carbocyehic group” means a saturated or unsaturated hydrocarbon ring. Carboceyche
groups are not aromatic, Carbocvelic groups are monocyehic or polyevelic. Polyevelic
carbocyelic groups can be fased, spivo, or bridged ring systems. Monocyelic carbocychic groups
contain 4 to 1 carbon atoms, \mmhh 4 to 7 carbon atoms, and more mui*ﬂ*l 3 to 6 carbon

atoms in the ring. Bicyclic Qaii‘mgw fe groups contain ® o 12 carbon atoms, preforably 9 to 10

carbun atoms 1 the rings,

"Heteroatom” means an atom other than carbon e.g., 1 the ring of a heterocyclic group or
the chain of a heterogencous group. Preferably, hetervatonis are selected from the group

consisting of sulfur, phosphorous, nitrogen and oxygen atoms. Groups containing more than one

heteroatom may contain different heteroatoms.

11
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"Heteroovelic group” means a saturated or unsaturated ring structure containing carbon
atoms and 1 or more heterogioms m the ning. Heterooyehe groups are not aromatic.

Heterocyelic groups arg monoeyeliv or polyevelic, Polyeyelic heteroaromatic groups can be

fused, spiro, or bridged ring systems. Moncevelie heterocyelic groups contain 4 to 10 member
atomas (1.e., wcluding both carbop atoms and at least 1 heteroatom}, sutably 4 to 7, and more
suitably 3 to 6 w the ring. Bieyehe heterocyche groups contain § to 18 member atoms, suitably

G or 10 in the rings.

"Sibvl" as used heretn refers to 8 silicon atom optionally substituted by one or more alkyl,

aryl and aralkyl groups.

“Tsomer”, "isomeric form”, "stercochemically isomerie forms" or “stercoisomeric forms”,
as used herein, defines all possible isomeric as well as conformational forms, made up of the
same atoans bended by the same sequence of bonds but having different three-dimensional
structures which are not interchangeable, which compounds or intermediates obtained during
said process may possess. Unless otherwise meationed or indicated, the chenvical designation of
i compound encompasses the mixture of all possible stercochemically isomeric forms which said
compound may possess. Said muxtare may contain all diastercoisomers, epimers, enantiomers
andéor conformers of the basic molecular structure of said componnd, Mere in particular,
slergogenic centers may have the R~ or S-configuration, diastercolsomers may h{m; d S¥n~ OF
anti-configuration, substituents on bivalent cvelic saturated radicals may have either the cis- or
trans~-configuration and alkenyl radicals may have the E or Z-confinuration. Al

stereochemically somerie forms of said compound both in pure form or in admixtare with ach

other are intended to be embraced within the scope of the present invention.

The following examples are meant only to be Hlusirative and are not meant as limiaiions
on the scope of the 1vention or of the appended clamms, All references cied beram are hereby

incorporated by relerence m ther entueties.

Ay R g WV
IXAMPLES
\.Q".( .'{ X .’. i - \*‘,\ 1.‘"1:%

EXAMPLE |

Preparation of tert-butylidimethyisilyl protected d-tocotrienad
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A orude mixture of d-tocofrieno! was obtained from annatte o1l The mixiure contains
about 34 %% of d-tocotrienol. The mixture glso contams v-tocotrienol, approximately in a 1310
ratio to é-tocotrienol. To a solution of 635 ¢ of this mixture CHxCL (30 ml) was added
imidazole {2.73 g, 40.10 mmol). TBSCH(2.90 g, 19.25 mmeol) was added after the mixture was
cooled to 0 °C. The resulting mixture was .Sifh"fr‘ﬁﬁ'd at room temperature overnight.  Ethylacetate

{120 mL) was added, and washed with water (30 mL) and saturated saline (50 mL). Organic

and then dried over NaxSQy, hitered and evaporated to dryness. The

residue was purniied by sihica gel column chromatography (hexanes/ethylacetate 50:1) to afford

AA

nEgor compones in the off were TBS protected &

3.81 ¢ partially punfied vellow oil. The maor components in

tocotrienal and y-toceotrienol in a ratio of 10 to 1 according to GO-MS. The resulting oil 1s

carried forth and used in the next step as such.

EXAMPLE 2
Preparation of (8)-3-(6-(tert-butyldimethylsilyloxy)-2 8-dimethylchroman-2-vijpropanal
TBSQ e .r‘”'““"\,_\?

"'\,,,-“ .:;\f.-“
N

:3

q z N

)0 - . C}
"' -

"‘1\1 f *-‘Dn.\r "'?\T ) .f" - ‘-*‘».‘b\ f},

To a solution of the yellow o1l obtained from a\:unpi {176 o) m THEHO G0
mi) was added OsOy (43 mp, Q.17 mmeol, 5 mol?) and then NalQy (8.86 ¢, 41 4 nfm‘}m_l The
mixture was stirred at room temperature for 24 hours.  Bthylacetate (100 wmb) and water (100

ml.) was added. Aqueous phase was extracted with ethylacetate (< X 50 mbLY and conbined

organic phases were washed with water {50 ml) and saturated saline (50 mL), and then dried
aver NaaSOy, filtered and evaporated 1o drvness. The resulting ol is carried forth and used in the

next step as such.
BEAAMPLE 3

Preparation of (Ri-ethyl 5-<{6-{tert-butyldimethvistivioxyy-2 8-dimethyichroman-2-yh-2-

methyipent-2{& j-enogie

13
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0..............

To a solution of iricthyl-2-phosphonopionate (822 mg, 3.45 mmel) in THEF (15 mL) was

added htham “s;a{mnmh’shﬁvl jarmde (1.0 Mo THE, 4.14 mi, 4.14 m_z‘nm}} dn‘:};f}»ia,sii.sa at 4 ",

was continued overnu giﬂ;- at voom teniperature.  Saturated agqueous NH ;;L{f;‘fi fs:oii'u fron was added
Aqueous phase was extracted with ethyacetate (30 ml}.  Organie phases were combined and
then dried over NaxSQy, filtered and evaporated to dryness. The residue was purified by silica

gel column chromatography o afford 230 mg colorless il GO-MS 446 (M), According to

. \i"\

GC-MS analysis, the product contains desired product, its 720 wsomer, B and 7 isomers 1?f'1¢'s;;ﬁfr;t' Yo
tocotrienol, and an unknown product. The resulting ol is carried forth and used i the nex
as stch, Small amount of sample was punihied for NMER analysis, 'HONMR (400 MHz) CDC&E;;

6,70 (dt, 3= 7.2, 1.6 Hz, HHDL 639 (d, V= 2.8 He, ili\r 6.29(d, I = - 2.8 Hel TH), 4.17 {q\ Fa 72

...........................

Mz, 2H), 270 (m, 2H), 232 (g, I =8, 0 Hz, 2H), 24T (s, 3 82 (5, 3H), 176 (m, 2H). 1.63 (m,
DM, 128 (4 J = 7.2 Hz, 3H), 1.27 (s, 3H), 0.97 (s, 9H), 0.16 (5, 6H) ppm; GC-MS 432 (M),

................

EXAMPLE 4
Preparation of (R)-53-(6-(tert-butvidimethylsilvioxy -2 8-dimethylchroman-2-y1-2-methylpent-
2{E)-en-1-0l
TBSO P

x ™

"',-‘AMC},*‘ a, f’"“xax OH

by
't
)

|

IBAL-H (1.0 M m tolaene, 347 mi,, 3.47 munol) was added drop-wise to a solation of

{R J~thvi S-{6-{tert-butyldimethylsdyloxy}-2,S-dmethylchroman-2-y1}-2-methyipent-2(k}-
enpoate (250 me, (.58 mmol) in CHCL (10 by at - S °C. Aler 4 h, the reaction was quenched
by slowly adding MeOH. Then saturated Rochelie™s salt (30 ml} was added and stirred
overnizht, The agueocus phase was extracied with ethyacetate (30 ml. X 3} Organic phases
were combined and then dried over NaxSOQy, filtered and evaporated to drvness. The residue was

‘ m}m‘md by silica gel columm chromatography to afford 142 my colorless oil in pure form. 'H
MR (400 MHz) COCL 643 (d, J= 2.4 Hz, T, 636 (d, J = 2.4 Hz, THD, 542 (1. 1= 7.2 Ha,

14
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PHY, 397 (5, 2HD, 2.68 (m, 28D, 217 (g, 3= 8.0 Haz, 2HY, 2001 (s, 3H), 1.64 (8, 3H), 1.76 (m, 2HD),
1.66 (m, 1H), 1.57 (m, 1H), 145 (brs, 1H), 0.97 (s, OH), 0.16 (s, 6H) ppm; "C NMR (100 MHz)
CDOCL 1478, 1464, 135.0, 127.0, 1264, 12 3.,{}..‘ 12003, 1174, 783, 69,1, 385, 317, 2539, 24.2,
22.6,22.0, 183, 16.3, 13.7. -4.3 ppm: GC-MS 390 (M),

EXAMPLE S

Preparation of (R)-5-(6-(tert-butyldimethyisibyloxy)y-2 S-trimethylchroman-2-y-2-methylpent-
2 myi p-toluenesutfonate

TESO. '

a solution of {(R}-5 {fs {{u‘t-imnidun sthylsily iu‘&;}« 32, K-dimethyichroman-2-yi)-2-methyipent-
2{Eyen-1-0l (142 mg, 0.36 numaol) in CHL-Ch (3 mb) at 0 °C. Warmed to room temperature, and
stirred overnight. Ethylacetate (20 ml) was added and washed with water and saturated saline.

Oreanie phase was dried over Na:SQu, filtered and evaporated to drvness, The resulting Hight

vellow oil is carried forth and used in the next step as such.

EXAMPLE 6

THSO

T I 1 .»*"\\ ,,-.»* .n'"‘\\ !,.\,\ f .n;,xx

{R‘}a-{l‘:i'iirfmfeii?ﬁi i mz&:&itim bromide in THF was added dropwise to a suspension of Cul
{190 mg, 1 mmel) n THF () ml.) at 40 *C. After stirved for 15 min at the same temperature,
{R.% -(O-{tert-butyldimethylsilyloxy)-2 8-dimethylchroman-2 -v-2-methylpent-2 {E)-enyl p-
toluenesulfonate from example 5 in THE (4 mL) was added drop-wise. After 10 min stirrin g at

the same temperature, the reaction muxture was slowly warmed to room temperature and then

stired Q‘sfén‘;jght Daturated agqueous NHLUL solution was added. Aqueous phase was extracisd
with ethyacetate (20 mil X 23 Organic phases were combined and then dried over NaxSQs.
filtered and evaporated (0 dryness. The restdoe was punthed by sihea gel column

chromatography o alford 118 mg TBS protected (2R.&'8)-S-tocoflexol as colorless oil. Yield

15
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@4‘3’@ (two steps). H NMR (400 MHz) CDCH {:}'.-a‘iﬁ"{jf; PHY, 6.36 (8, 1H), 5.05-5.15 (m, 2H), 2.68
Cd o= 6.4 He, 2HD, _h.ii (s, ?I L 2.05-2.16 (m, 2H), 1.86-2.03 {m, 4H), 1. 73 (m, 2H} 1.68 (s,

3{5{}, {.00-1.65 {m, 9H). m{'} (s, m; 1.57 (s, 3H), 1.25 (3, 3H), 1.00 (s, 9H). 0.85 {(d, I = 6.0 Hz,
3HL 0.16 (s, 6H) ppon; YC NMR (100 mm CDCLy 147.8. 146.6, 135.7, 1312, 127.1, 1253,
124.3, 121.1, 1203, 117.4, 75.5, 40.2, 40.0, 37.3, 36.8, 32.6, 31.7. 26.0, 25.9, 25.6, 24.3, 22.7,

2.4, 198, 18.4, 17.9, 16.3, 16.0, -4.2 ppm; GO-MS 312 (M),

EXAMPLET
Preparation of (2R.E'S-dtocoflexol

HO f‘:‘x,ﬂ\”\

b d a4 4 ﬁ
U o o o o )

) ' -
x 4 ' w
r ' L
", ,_..u-"‘-:-"\v M, " f"i oy e T «J :
k
| 3
| 3

TBAF (38 myg, 0.094 mmel} was added 1o a solution of TBS protecied (QR.8'83-6-

w

tocoflexol {12 me, 0.023 mmol} in THF. The reaction mixture was stirved for 3 hr at room

temperatwre. 9 myg colorless oil was obtained afler purification.  Yield 97%. "HONMR (A
MHzy CDCL 647 (s, _}[if-{}f, 638 (s, THD, 505515 {m, 2HD), 4,16 (s, THY, 263275 {m, 2HD, 2,13
(s, 3H), 207216 (m, 2 ’J LRS00 (my 4H)L LTS {m 2H) 1.68 (% 3.131‘}.,. LOO-1.63 (m, 9H), 1.60

3H), 138 (5, *;H} 1.26 {5, 3H), 0.83 (d, J = 6.0 Hz, 3H) ppoy; 70 NMR { 100 _?Lxsﬁii:&t} Cﬁ{}{ﬁfig
M'?‘? 146.3, 135.8, 1312, 127.6, 1253, 1243, 1205, 1138, 112.8, 75.6, 401.2, 40.0, 37.3, 34.8,

32.6,31.6,25.9, 25.8,25.6, 24.3, 22.7, 22.4, 19.8, 17.9, 16.3, 16.0 ppm; GC-MS 398 (M},

EXAMPLE 8
Preparation of tert-butyldimethyisityl protected v-tocotrienol

B0 ﬁﬁf"x . | .
,,‘_,I: e, -';Tff “*O*’l e, fw-""'"\ «r"f’l'\ AT ot "\“\ "“x L
[

e ™ Nl .

To a solution of v-tocotrienol {099 g 241 mmal) v CHCl (10 mi) was added
inidazole (410 mye, .03 munol). TBSCH{436 mg, 2.89 nunol} was added after the mixiure was
cooled to 0 °C. The resulting mixture was stirred at room temperature overnight.  Ethvlacetate
(40 ml) was added, and washed with water {20 mL) and satwated saline (20 mL). Orgame

phases were combined and then dried over NazSOs, filtered and evaporated to dryaess.  The

16
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residue was purified by sthica gel column chromatography (hexanes/ ‘ethviacetate 50:1) to afford
1.20 ¢ helt ‘nf‘}i(}k% oil, Yield 95%. 'H NMR { 4 00 ML 2) CDCH 6.39 {5, THD), 5.12- 5.23 {m, 3H}3,
272 (m, THD. 2.08-2.27 (n SH), 2018 (s, 3H), 2 14 (s, 3HDY 198204 (m, 4H), 1.58-1.88 (m,
2HL, 172 €8, 3HD), 164 (s, 9H), 130 (s, 3H). 1.06 (s, OH), 0.22 (s, 6H) ppm; PC NMR (100
MHz) CDCEL 1463, 1460, 1332, 13510 1314, 1264, 1258, 12468, 124.66, 124.6, 124.5,
P78, 1160, 1159, 75,3, 4000, 39.9, 31.7, 27.0, 26,8, 26.14, 26,10, 25.9, 243, 24.2, 22.6, 22.4,

£8.5, 17.9, 16.22, 16.21, 16.08, 16.07, -4.02, -4.04 ppuy; GC-MS 5324 i\\i}

EXAMPLE O
PFreparation of (R)-3-(0-{tert-butykdimethyisiiyvloxy)-2, 7. 8-trunethyiclroman-2-yhpropanal

TRSO

L
‘\,.\ﬂ : o \n\«\
\ \
5

1 N
) )
n 4 N
8 )
J"\x ‘;::,.A\.\ ) *"ik"x . ‘;;C}
-~ " G e S
\ B
\
\

7
4‘

To a solution of tert-butvldimethyisilyl r}mimud y-tocotrienal (63

THEALO (211, 48 mbL was added Os0y (154 me, 5 mol%) and then NalOQy (3.03 g). The

me, .21 mmol) in

misture was stirred at room temperature for 24 hours. Fthyvlacetate {100 mb) was added, and
washed with water {30 ml.) and saturated saline (30 ml). Organic phases were combined and
then dried over NaySOy, filtered and evaporated to dryness. The resalting light yellow oil (600

mg) is carried forth and ysed in the next step as such, GO-MS 362 (M),

EXAMPLE 1O
Preparation of (R)-ethyl S-(6-(tert-butvidimethylsitvloxy)-2,7 &-trimethyvlchroman-2-vH-2-

II]LthVipGHI*.;,{F -enoate

\
¥ : N
8 - 5 § -
o -~ *":""AL /.Z-L\..,.x" fﬁ‘”\- '*":""illﬁ”“\, - D Et
: -
'

O o o

O

-l

Trieth j,s}~;,?ei;i~;ﬁﬁiis:}sp}mm}j};ig}mm (48 me, 0.20 mmol) was added slowly {0 a suspension of
NaH (60%, 8.4 mg) in THF (2 mL) ot room temperature. After 5 min, the reaction was cooled to
0 °C. Crude aldehvde (55 ma) from example 2 1n THEF (1 mL) was added drop-wise and reaction
was continned for 30 min at 0 °C, then 1 h at room temperature.  Saturated aquecus NH,Cl
selution was added. Aqueous phase was extracted with ethyacetate (10 mL), Organic phases
were combined and then dried over NapSOy, filtered and ¢ svaporated to dryness. The residue was

17
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purified by silica gel column chromatography to afford 12 myg colorless vil. Yield 12% (two
steps). GO-MS 446 (M),
The reactiom gave an B rapo of 1311, In a siostlar reaction, when Lithiam

e

Jk

bis(trimethyisibvDamide was used as base, the B was

* -

EXAMPLE 11

Preparation of (R)}-5~(6~{tert-butyldimethylsilyloxy}-2.7 S-trimethylchroman-2-yD)-2-methyipent-

HE)-en-1-ol

DIBAL-H was  added  dropwise to a  selution  of  (R)-ethyl  5-{6-(tert-
butyvidimethvisiiviony-2.7 &-trimethyichroman-2-vi)-2-methylpent-2(Eencate (37 myg, 0.083
mmol) i CHCh (2 mally at <78 °C, After 1 h, the regction was guenched by slowly adding
MeOH, Then saturated Rochelle’s salt {5 mi) was added and stirred overnight.  The agueous
phase was extracted with ethyvacetate (10 ml. X 31 Orpanie phases were combined and then
dried over NazS0,. filtered and evaporated fo dryoess. The residue was purified by silica gel

coltmn chromatography o afford 30 mg colorless oil, Yield 89%. GO-MS 446 (M),

EXAMPLE 12
Preparaton of {(R)-3-(0-{tert-butyid imeth yistyloxyy-2, 7. 8~nimethyichroman-2-y1)-2-methvipent-
2{E)-enyl p-tolucnesulfonate
TBSO N

-
P ol o o o o of

ﬁ,,«\ %O/\ P ,-’/Ax AOTs

v

EaN (5 mg), pTsCl (4 mgy, and DMAP {one small piece) were added 1o a solution of
(R)-5-(6 ~{tert-butyd dimethylsil vioxy)-2.7 Krimethyichroman-2-yi }»2»melhﬂpwnt-2 (E)-en-i-ol
(7 mg, 8017 mmoly i CHCH (T mil) at 0% Warmed to room temperature, and stirred

overmght, Ethyviacetate (2 mbL ) was added and washed wiath water and saturated sahine. Organic

phase was dried over NaxS{y, filtered and evaporated to devness, The vesulting light vellow oil

{HO0 mg) s cavried forth and used m the nexi step as sach.

18
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EXAMPLE 13
Preparation of TBS protected (2R 8 R-v-tocoflexol

TBSO

. "
o - \\r
N ~ \ ' '
N : ’
N i }
N ' ’
.= . ,Ji\ ' :

o

-

(S)-Ciironellyl magpesium bromide in THEF was added dropwise to a suspension of Cul
in THEF (0.5 mLy at -40 °C. After stirred for 15 min at the same temperature, (R)-5-{6-(teri-

butyidimethylsityloxy 2,7 8-trimethyvichroman-2~-y{)-2-methylpent-2(E-enyl p-toluenesulivnate

-

from example § in THF {1 mb) was added dropwise.  After 10 min stirring at the same

overnight, Saturated aguepus NHCL sohstion ways added.  Agueous phase was extracted with
ethvacetate (3 mb X 2), Urganic phases were combined and then dned over NSOy, filtered and
evaporated to devness. The residue was purthied by sthea gel column chrematography to atford

about 2 mge product, GC-MS 526 (M)

EXAMPLE 14
Preparation of (2R, 8 Ri-v-tocoflexol

"l‘_.. : . L .
Y “.“ . ]
A : !
Y . ;
Y . ]
A : - :
1Y 8

,! !
o AT . -~ -~ P N e N -
"J‘ » Ll » = » . s .
.,-F S = . - - ‘\J_..ﬂ"" - - . - ‘i‘-,\ 4""" x\‘h_‘.,, .,H‘J \-,\ v " T

- o

TBAF wax added to a solution of THS protected (R R)-y-tocotlexol {about | mg) i THE.
The reaction muxtore was stirred tor 2 h at room temperature. The reaction was completed

according to TLO and GCMS, GC-MS 412 (M)

EXAMPLE 15
Cell uptake of Tocollexals
There 1s consistent evidence that the cefl-uptake rate of the vitamin E components

hypocholesterotemic, oytoprotective, and anticancer activities as reported in Maintyre et ak

Qurestu et al, {1991 5304 Supply 10215-10265; Rasool et al. (2006) J Nutr Sct Vitaminol

S2A6Y4AT73-478; and Rasool et al. (2008} Arch Pharm Res 319 1212-1217.

19
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Thus, to evaluate the potential bloactivity of the tocoflexols, we compared its cell-uptake

of a representative {ocotlexol, o-tocotiexel (DTOF) that of a~tocopherol (AT}, and found that

DYTOF has a celluptake almost double that that of ATOC {(Fig. 1), The experiment was carried

ot as described below.

Cell culture: Mouse NSC 34 cells were grown in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serwm and 1% peniciliindstreptomyein at 37 *C in
3 humidified atmosphere containing 953% air amd 5% CO2. The cell culture medium was
replaced every 2 or 3 days with fresh medium contaimng serwm and anttbiotic, Cells were
reseeded when the cell monoelayers became confluent. For the expeniments, cells af passages 15+

27

P were seeded t 6-well plates at 1 mullion cells per well

Incubation/treatipent of NSC 34 cells with tocols: 5 mM test solutions were prepared
in DMSO. NSC 34 monolayers above 80% confluency were treated with 2 pl of test compound
(final concentration SpM) for 0, 1, 2, 4, &, 12, and 24 howrs. In a 6 well plate, the upper 3 wells

were used for the measurement of tocols and fower 3 wells were used for profein extraction.

Extraction ef tocols from NSC 34 cells: After respective period of freatment, the media
were removed and cells and washed twice with ice-cold phosphate-buffered saline (PBS 1 X).
Following the washing, NSC 34 cells were serapped and suspended in 1 mi ice cold PRS ina 1.5
mi microcenivifuge tube, Cells were spun down at 1,000 g for 2 main and the supernatant was
dm,irdui and pellet was suspended i 0.5 ml t}*»‘. o ee~cold methanol and wwpuuw internal
standard was added. We added internal standards in order to correct for minor vartations
occurring during sample preparation and analysis. Mixture was sonicated followed by extraction
with (.5 ml hexane using vigorous vorlexing and spinning at 300 ¢ for 2 min.  Extraction process
Was n.pmfed twice and hexane .l..a;ym* Was Loilu.t»:,d iR a gieixx vial, Hexane extracts were dried

methylene thmm ang drw d under mii:rrf;} pER. Sam p}es were dertv at‘imd. psing Nemethyl-V-TMS-

triflnoroacetamide and injected in GCMS for the analysis.

Protein extraction: The media were removed and cells were washed twice with ice-cold
phosphate-butlered saline (PBS 1X). Following the washing, NSC 34 cells were scrapped and

suspended in 100 pd fce cold RIPA haller added with protease inhibitor in a 1.5 ml micro
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centrifuge tube, Cells were centrifuged at 14,000 rpm for 15 min at 4" €. Supematant was
collected 1 1.5 mi mucro cent mi se tube and stored at <20 C if assay 15 not performed on the

same day.

Protein assay: Protein concentration was detemuned using the Pierce BCA profein assay
kit.

GOAVES: The derivatized samples were analyzed using GU/MS by single {on monttoring

.1

(Agtlent 3875 GUMED:, Agilent Technologies, Palo Alto, CA) The GU was equipped with a
30-m HP-3MS cohwmn (0.250 mum, 8.25 pm). Samples were analyzed using helinm as the carrier

¢as (head pressure of 27 psiy, 1yl splitless injection, the injector temperature was 275° *C, the
coliann termperature was mainiained at 220°C for 2 min followed by a gradient of 255 n o

St AW 1 Y . SRR SR AP P [N S N AR W X ) S g 7 T R AT e S TR S

SO0°C, and remained al that temperature for H) mm. | he transter iine tomporatirs was
mamtamed at 22570 or 13,5 pun followed by a gradient of 257Camm o 3007, and ramamed at
that teraperature for 10 min. The MS conditions were: electron impact, source temaperature

230°C, guadropole tenmperature 130° C) and ionization voltage 70V,

EXAMPLE 16

ABILITY OF THE TOCOFLEXOQLS TO INHIBIT LIPID PEROXIDATION

{ne of the most well-known properties of the vitamin B components is therr ability to prevent
hipid peroxidation. See Traber et al. {2011} Pree Radis Biol Med ST{3RT1000-1013. Brietly, the
antioxidant activity of vitanun E analogs was evaluated m rat iver nucrosomes by measurning
inhibition of Hpid peroxidation after TRHP {thiobarbituric acid reactive substance} treatment.
Wistar rat Hver microsomes (BD Biosciences) were diluted in phosphate buffer, 0.1 M {(pH 7.4),
at the {ingl protein concentration of 1 mg/ml. The microsomes were freated with dilferent
concentrations of tocels {diluted with DMSO) and incubated at 37 °C for 1 hour befors inducing
lipid peroxidation with 200 uM TBHP (DMSO) for 30 min. Inthe assay for the inhibition of
peroxidation of rat hver microsomes freated with 200 uM TBHP, a-tecotlexel showed an
antioxidant potential (ICse= 1.35 M) more of 5 times of that of AT (I = 6.78 pdM) (Fig. ).

These results support the notion that -tocoflexol will have a potent bioactivity w hen tested jo

VIV,
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CLAIMS
What 1s clanmed 1s;

1. A method of nmlmw tacotiexols of ¥ ormmula (1) or {11’} and analogues thereotf of formula

......

wherein R, RY, and R, are the same or different and are cach selected from hydrogen and

methyl and P s hvdroxyd protective proup; and

{M cleaving b\ oxvidation the double bonds in pmdtzux fromn step (a) in the formula (X1

aaaaa

§ [
¥ : : {Xi)
¥ \ '
1 .
e . .

wherein R, R R and P are the same as deseribed in step (a); and wherein the intermediate of

tormula (XTI 15 used to produce the tocollexols of Formula (I} or (1) or analogues thereot of

P h{;‘#fﬁ}ﬁhﬁm}pi onate {Xi 1 1}

s
Pred
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wherein R" is methyl, ethyl, propyl, isopropyl, or bemayl to afford products of the formula (XIVY:
R.E
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{d} reducing the compounds obtained from step (¢) to form compounds of formula (XV)
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wherein Z 158 QTs, OMs, OTE CL or Br: and
£} performing a coupling reaction between the compounds obtamed mn step {g) and a

Grignard reagent or an organozine reagent m the formula (XVI)
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wherein X' is chloro, bromo, or wodo; and M 18 Mg or Zn, to form compound (X VI or {(XIX)
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3, The method of claim 2, further comprising;
g) removing the protective group in compounds in the formula (XVIH) and (XIX) from

step (1) to afford the fnal product in the formula (1) and (1)

{1}

bl el ol el

4. The method of any one of claims 1-3, wherein the protective group of step () is selected
from methyl, methoxymethyl, benzyloxymethyl, 2-{rmmethvisitybethoxymethyl,
methylthomethyl, phenyithiomethyl, teteabydropyranyl, 1-ethoxyethyl, propargyl, t-

butyl, benzyi, 4-methoxybenzyl, o-nitrobenzyl, B-anthrylmethyl, 4-methoxyphenyl,

trimmethylsilyi, tnethylsilvi, imsopropylisiiyl, t-butyidimethvlsibyvi, tbutyldiphenyisilvl,

formvl, acetvl, benzovl, methoxycarbonvl, ethoxycarbonyl, 2,2, 2-trichloroethvlcarbonvl,

benzoxvearbonyvl, methanesulionvl, and toluenesulfonyl.

A

3. The method of any one of claims 1-4, wherein the sobvent used in step (&) is an aprotic
solvent.

6. The method of any of the precedin g claims, wherein the reaction temperatore in step -_{;a;;
1§ between =20 70 to 120 "C and the reaction time can range from 5 minates to 24 hours.

7. The method of any one of the preceding claims, wherein the tocotrienols are from bran

otf, palm o, and anaatto oil,
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14,

The method of any one of the preceding claims, wherein the oxidation in step (b} is
performed nsing (500N aiQ;.

The method of claim &, wherein the reaction solvent used in step (b} for OsCyNalOy
reaction is a mixture of tetrahydrofuran, dicthy ethyl, methyl tert-butyl ether, diisopropyl
ether, or | 4-dioxane with water,

The method of any one of claims 1-7, wherein the oxadation in step (b) is performed by

azonolysis.,

™~

. The method of any ong of the preceding clatms, wherein the reaction temperature in step

{h} is below 40 °C.
The method of any one of ¢laims 2-11, wherein the reaction in step {¢) 15 Horner-

Wadsworth~-Emmons reaction.

-

. The methad of any one of claims 2-12, wherein the phosphonopionate (X1H} i step () 13

initially treated with a base to form an ylide,

. The method of claim 13, wherein the base is selected from sodiion hydride, potassium

hydride, ntlnum hydnde, potassium tert-butoxide, sodium terf-butoxude, hithium tert-

butoxide, butyl hithnon, lithnen dnsopropylamide, Ithwan diethylanmde, sodium amide,
potassiaimn bis{tnmethvistivhamide, sodivm bis(trimethylsdybamide, and  hthium

bis{trimethyisiivhanude.

T

-

. The method of any one of clamms 2-14, wherein the reaction s maintamed bebween ~78

30 °C durmng step (¢) andfor durning step {d) for between 1-12 hours,

v The method of any one of claims 2-13, wherein the solvent used in step {¢) andfor i step

() is selected from tetrahvdroforan, dicthyl ether, ditsopropyl cther, methyl teri-butyd

other, dimethylformide, and dimethylacetamide.

CThe method of any one of claims 2-16, wherein step {d) is performed using

dusobutylatominmum hydnde, hthium borohydride, hittnum triethyl borohydnde, borane,
fithiom alomunium hydride, hithium thimethoxide alunanium hydnde, alunmimum hydide,
hthinm aluminium hydode mixed wih alumminm chlonde, and sodium borohydride
mixed with ithiem chionde or ealciun chlornide.

The method of any one of claims 2-17, wherein the reaction in step () 1s catalyzed by a

transition metal with or without a lgand.
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The inhibition of lipid peroxidation by tocols
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Figure 1
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